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BACKGROUND: Parenteral nutrition-associated liver disease
(PNALD) has been common in patients who require long-term
parenteral nutrition. PNALD develops in 40%-60% of infants
on long-term parenteral nutrition compared with 15%-40% of
adults on home parenteral nutrition for intestinal failure. The
pathogenesis of PNALD is multifactorial and remains unclear.
There is no specific treatment. Management strategies for its
prevention and treatment depend on an understanding of
many risk factors. This review aims to provide an update on the
pathogenesis and treatment of this disease.

DATA SOURCES: A literature search was performed on the
MEDLINE and Web of Science databases for articles published
up to October 2011, using the keywords: parenteral nutrition
associated liver disease, intestinal failure associated liver disease,
lipid emulsions and fish oil. The available data reported in the
relevant literatures were analyzed.

RESULTS: The literature search provided a huge amount of
evidence about the pathogenesis and management strategies
on PNALD. Currently, lack of enteral feeding, extended
duration of parenteral nutrition, recurrent sepsis, and
nutrient deficiency or excess may play important roles in the
pathogenesis of PNALD. Recent studies found that phytosterols,
present as contaminants in soy-based lipid emulsions, are
also an important factor in the pathogenesis. Moreover, the
treatment of PNALD is discussed.

CONCLUSIONS: The use of lipid emulsions, phytosterols
in particular, is associated with PNALD. Management
strategies for the prevention and treatment of PNALD include
consideration of early enteral feeding, the use of specialized
lipid emulsions such as fish oil emulsions, and isolated small
bowel or combined liver and small bowel transplantation. A
greater understanding of the pathogenesis of PNALD has led
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to promising interventions to prevent and treat this condition.
Future work should aim to better understand the mechanisms
of PNALD and the long-term outcomes of its treatment.

(Hepatobiliary Pancreat Dis Int 2012;11:586-593)
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Introduction

ainstreaming of long-term parenteral nutrition

(PN) has profoundly impacted the prognosis

and quality of lives of individuals with
intestinal failure from congenital abnormalities or
extensive gastrointestinal surgery. Although PN is life-
saving, its long-term use is associated with severe adverse
effects, including septic infection, metabolic imbalance
and hepatobiliary dysfunction. The hepatobiliary
complications of PN are now well recognized as PN-
associated liver disease (PNALD), or intestinal failure-
associated liver disease (IFALD). PNALD has been
common in both adults and infants who require long-
term PN. The mechanisms underlying PNALD remain to
be elucidated. Currently, lack of enteral feeding, extended
duration of PN, recurrent sepsis, and nutrient deficiency
or excess may play important roles in its pathogenesis.
Recent studies "* found that phytosterols, present as
contaminants in soy-based lipid emulsions, may be
an important factor in the pathogenesis of PNALD.
Management strategies for its prevention and treatment
depend on an understanding of many risk factors.
Recently, lipid emulsions containing fish oil or glutamine
were proposed to be protective. However, for patients
who have established end-stage PNALD and cannot wean
off total PN, the only option may be transplantation.

Methods

The relevant articles were identified by searching the
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MEDLINE and Web of Science databases for articles
published up to October 2011 using the following key
words: parenteral nutrition associated liver disease,
intestinal failure associated liver disease, lipid emulsions,
and fish oil. Additional papers were identified by a
manual search of the references from key articles.

Results

Quantity of relevant research

The electronic literature search strategy identified
1139 potentially relevant articles. After screening titles
and abstracts, 194 full papers were retrieved. Of these,
35 were identified as relevant for inclusion in this
systematic review (Fig. 1).

Potentially relevant articles
identified and screened for
retrieval (#=1139)

Rejected at title
(n=855)

Total abstracts screened
(n=284)

Rejected at abstract
(1=90)

Total full papers screened

(n=194)

Rejected full papers
(n=159)

Total papers inclusion
(n=35)

Fig. 1. Summary of inclusion and exclusion criteria.

Definitions

The hepatobiliary complications of PN comprise
PNALD or IFALD because they occur predominantly in
parenterally-fed patients with intestinal failure. PNALD
is a common complication in patients with intestinal
failure and develops in 40%-60% of infants compared
with 15%-40% of adults on long-term PN.®' The
clinical spectrum includes hepatic steatosis, cholestasis,
cholelithiasis, and hepatic fibrosis.""”' PNALD is usually
associated with prolonged PN administration (>2 weeks)
and is characterized by cholestasis (commonly defined as
a direct bilirubin >2 mg/dL)."" As PNALD is a diagnosis
of exclusion, in addition to customary hepatic work-up,
a liver biopsy for histology may be required to provide
additional information if there are doubts."”

Risk factors

The pathogenesis of PNALD appears to be multi-
factorial and remains unclear. Suggested theories
include premature birth, disruption of the enterohepatic
circulation of bile acids, intestinal stasis with subsequent
bacterial overgrowth, bile sludging with subsequent
bile duct obstruction,! early and/or recurrent central
venous catheter-related sepsis, and nutrient deficiency
or excess."¥ However, excess caloric intake of lipids and
septic events may play key roles."> '

Prematurity

PNALD is particularly common in small premature
infants, and infants have a much higher incidence than
adults (40%-60% vs 15%-40%)."”" In infants with a
birth weight <1000 g, the incidence of cholestatic liver
disease is as high as 50%), whereas in infants >1500 g it
is only 10%.""" Premature infants have an insufficient
capacity for transsulfuration. Besides, animal and human
data indicate that neonates have both decreased bile acid
pools and low activity of other enzyme systems such
as those involved in the synthesis, conjugation, hepatic
uptake and secretion, and recirculation of bile acids.!?

Nutrient excess

Reports in adults and children raise concerns about
the possible relationship between long-term intravenous
lipid emulsion (ILE) and PNALD. Clinical data show
a positive relation of the dosage of soybean oil-based
ILE with the development of cholestasis in children on
long-term PN. Diamond et al" investigated the role
of parenteral lipids in the development of a serum-
conjugated bilirubin >100 pmol/L (5.9 mg/dL; CB100)
in infants. They reported that days of lipid >2.5 g/kg
per day, and the number of septic episodes emerged
as the strongest predictors for the development of
CB100, while Cavicchi et al" showed that a lipid dose
>1 g/kg per day is associated with the development of
PNALD in adults. Colomb et al”* reported that plasma
bilirubin concentration decreases after stopping lipid
administration. In most cases, the decrease of plasma
bilirubin level is rapid within the first month, reaching a
normal concentration by 3.2+2.0 months. Besides, Meisel
et al™ and Javid et al** investigated whether the route
of lipid administration affects the development of PN-
associated liver injury in a mouse model. They found that
soybean-based lipid emulsions given intravenously cause
liver injury, but little or none when given orally. This
study provides evidence that artificial chylomicrons in
ILE may not be metabolized in a physiological manner by
the liver. The role of ILE in the development of PNALD
is not clear, but at least two factors may contribute to the
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problem. First, standard soybean oil-based ILE, which
predominantly contains omega-6 polyunsaturated
fatty acids (0-6 PUFAs), has been shown to impair
biliary secretion, generate a proinflammatory response,
and impair immune function.”™ Furthermore, recent
evidence suggests that one major contributing factor
that predisposes patients to PNALD is hepatotoxic
phytosterols. Conventional soybean-based ILE contains
significant quantities of phytosterols (327-383 mg/L
from manufacturers' data), and long-term use of
conventional ILE leads to a progressive increase of
phytosterol content in cell membranes and plasma
lipoproteins.™*** The phytosterols, mainly campesterol,
B-sitosterol and stigmasterol, are steroid compounds
structurally similar to cholesterol. They carry out the
same basic functions in plants as cholesterol does in
animals. Epidemiologic and experimental studies
suggest that dietary phytosterols may be used as a
therapeutic option to lower plasma cholesterol and the
risk of atherosclerotic disease. The cholesterol-lowering
action of phytosterols is thought to occur, at least in
part, through competitive replacement of dietary and
biliary cholesterol in mixed micelles, which undermines
the absorption of cholesterol.””’ It is possible that
phytosterols are toxic to hepatocytes when administered
intravenously but not when absorbed through the
gastrointestinal tract.” Farnesoid X receptor (FXR)
is a member of the ligand-activated nuclear receptor
superfamily. FXR serves as a sensor for bile acids and
promotes their enterohepatic clearance by controlling
the expression of genes involved in their transport and
metabolism."” **! A study' has demonstrated that FXR-
knockout mice lack these hepatoprotective mechanisms
and are ultrasensitive to bile acid-induced injury.
Activation of FXR in vivo is associated with increased
hepatobiliary circulation of bile acids, inhibition of
hepatic bile acid biosynthesis, and reduction in plasma
triglycerides.”” Phytosterols have antagonistic activity
against FXR gene expression (i.e. BSEP, FGF-19, OSTa/f)
and the antagonism of FXR significantly compromises
the hepatoprotective mechanisms which normally act to
attenuate cholestasis."’

ILE is an important source of energy and if
inadvertently delivered in excess, it may promote
phospholipidosis and hepatosteatosis.”” > However,
excess carbohydrate is more likely to promote
steatohepatitis, and adjusting the relative amount of
carbohydrate and fat, so that more fat calories are
provided, was shown to reduce hepatosteatosis.””
Generally, high glucose infusion rates result in high
plasma insulin concentrations, which subsequently
inhibit mitochondrial fatty oxidation. This process
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results in the accumulation of fatty acids within
hepatocytes.'* " At present when hepatosteatosis occurs,
the management strategy is to reduce the total calories
delivered.

In addition, some studies”™** found that high levels
of amino-acids may be directly hepatotoxic because they
affect the cannalicular membrane of the hepatocyte.
Studies””* also demonstrated an association between
the onset of cholestatic liver disease and intravenous
methionine intake.

Nutrient deficiency

Deficiency of some micronutrients such as choline
and taurine may be involved in the pathogenesis
of PNALD. Choline is not essential because of its
endogenous synthesis from methionine (Fig. 2), but is
low in >90% of the patients who require long-term total
PN.” The biosynthesis of choline may be inadequate
when methionine is given parenterally than when
it enters the liver via the portal vein."”" Fortunately,
choline deficiency results in hepatic steatosis that may be
reversed by the addition of choline to PN solutions.*"**
Deficiency of taurine, another product of the hepatic
transsulfuration pathway, could play a role in the
development of PNALD in neonates. In older infants
and adults, taurine is synthesized from methionine,
but is diminished owing to cystathionase deficiency in
premature infants."” Cystathionase is the rate-limiting
enzyme in the formation of cysteine from cystathionine,
an intermediate in the metabolism from methionine to
taurine (Fig. 2).

Sepsis

Septic events are a major risk factor in the
development of IFALD in patients with intestinal
failure. Diamond et al™ found that each septic episode
is associated with a 3.2-fold increase in the risk of
developing PNALD. The risk of sepsis is largely attributed

| S-adenosylmethionine |

| Cystathioninel | Choline ‘

Cystathionase

Taurine

Fig. 2. A schematic diagram of the hepatic transsulfuration
pathway from methionine to taurine (some intermediates are
omitted for clarity).
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to the risk of catheter-related bloodstream infection and
bacterial translocation resulting from enteral bacterial
overgrowth and underlying intestinal barrier damage.
First and foremost, the administration of PN requires
an intravenous line to be in place. This line, along with
conditions associated with PN, increases the risk of
recurrent sepsis.”’ Moreover, in this group of patients,
there is mounting evidence to suggest that bacterial
translocation from the gut may also be an important
source of pathogens.*” */ O'Brien et al*’ showed
that translocation of Gram-negative bacteria to the
mesenteric lymph nodes and liver is more frequent after
massive small bowel resection in mice.

Sepsis has been strongly associated with the
development of cholestasis in the setting of PN."
Evidence supports the proposal that these effects are
mediated through endotoxin and other pro-inflammatory
molecules. Sepsis likely causes a systemic inflammation
in the liver because of the release of pro-inflammatory
cytokines that are activated by endotoxins.” Pro-
inflammatory cytokines such as TNF and IL-1B have
been shown to down-regulate the transcription of
crucial bile acid transporters.[47’ ] In addition, bacterial
lipopolysaccharide acts directly through toll-like receptor
4 to induce proinflammatory chemokines and adhesion
molecules in activated human hepatic stellate cells,
promoting on-going inflammation and fibrosis.*’

Lack of enteral intake

Lack of enteral feeding has several metabolic and
endocrine consequences for intestinal and liver function.
Experimental studies”” have shown that the fasted
state reduces the secretion of several gastrointestinal
hormones, such as cholecystokinin, gastrin, and
peptide YY. These hormones are instrumental in
stimulating bile flow and gallbladder contraction, and
maintaining intestinal motility. Therefore, lack of
enteral feeding can result in reduced bile acid secretion
and reduced gallbladder contractility. The lower levels
of these hormones may also lead to intestinal stasis
and consequent bacterial overgrowth. Moreover, the
fasted state and sepsis are associated with atrophy of
the intestinal mucosa and impairment of the intestinal
barrier.”” These in turn promote bacterial translocation
and increase the risk of sepsis.

Prevention and treatment
General therapy

It is possible to recommend the prevention and
treatment of PNALD on the basis of the above risk
factors, though not all can be altered. Conventional

management includes treatment of sepsis, decreased
PN administration and gradual achievement of full
enteral tolerance. With our current understanding
of the pathogenesis of PNALD, infections, especially
central line-associated sepsis, should be prevented and
treated in patients on PN. Aseptic technique should be
observed and strict protocols should be followed with
catheter insertion and care. Management of central
line-associated sepsis varies according to the infective
organism and how sick the patient is at the time. After
appropriate cultures of blood and catheter samples,
empirical antimicrobial therapy should be initiated on
the basis of clinical clues, the severity of the patient's
acute illness and the underlying disease. Catheter
removal may be necessary for successful eradication
of infection, and antimicrobial therapy for 7-10 days
is imperative for patients with a tunnel infection or
port abscess.” When a catheter-related infection
is documented and a specific pathogen is identified,
systemic antimicrobial therapy should be narrowed.

With regard to strategies to prevent intestinal bacterial
overgrowth and translocation of bacteria from the gut,
antibiotic agents such as metronidazole and norfloxacin
appear to play an important role in preventing and
managing PNALD.” ' Recent studies”” > showed
that supplementation with probiotics promotes partial
restoration of intestinal microflora, reduces bacterial
translocation and improves intestinal barrier function.
The addition of fiber to enteral feeds if tolerated prevents
the loss of intestinal barrier function against luminal
bacteria that occurs in mice fed an oral PN solution.””” A
cycle of oral antibiotics is often used after confirmation
of small bowel bacterial overgrowth with fecal and/
or duodenal fluid flora.” Despite this, we still need
more evidence on their effects from carefully designed
randomized controlled trials.

Ursodeoxycholic acid (ursodiol), which is a
naturally-occurring hydrophilic bile acid formed in the
liver and intestine, is used periodically with questionable
benefit. This drug may be helpful in reducing the
duration of PN-induced cholestasis and improving liver
function;** " however, another study[(’z] in infants given
ursodiol prophylactically to prevent PNALD found no
benefit. Moreover, recent guidelines[63‘641 on ursodiol for
primary biliary cirrhosis suggest it does nothing to delay
the time to liver transplant and as such may be of no
benefit in PNALD.

Despite the benefits of PN, achievement of full
enteral tolerance is the key point in the nutritional
management of patients with PNALD. Early enteral
intake may be beneficial in promoting the enterohepatic
circulation of bile acids and improving bile flow, which
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may prevent or improve cholestasis.” **’ All measures to
optimize the enteral route for feeding should be taken.

In patients with intestinal failure who are intolerant
of enteral feeding, where complete weaning from
PN is impossible, avoidance of excessive PN energy
and minimizing ILE may be helpful in preventing
cholestasis.'*’ There is evidence that a lipid dose >1 g/kg
per day is associated with the development of PNALD
in adults."” Therefore, receiving ILE in quantities <1
g/kg per day is reasonable in adult patients. However, it
is not clear whether the decrease in lipid is applicable
to children, who need to grow and whose liver disease
progresses rapidly.

PN supplementation

Recently, evidence has suggested that ILE containing
fish oil as a novel strategy may be useful in reversing
PNALD. Research on animals has shown that fish oil-
derived ILE prevents hepatic steatosis, when compared
to conventional soybean oil-based products.” In
infants, Gura et al'® first reported that two infants with
PNALD had significant improvement of liver function
and complete resolution of cholestasis after the use of
fish oil-based ILE. Subsequently, the same group has
published a number of small studies demonstrating
the beneficial use of fish oil lipid emulsions in the
prevention or treatment of cholestasis.”” *' More
recently, in a larger, open-label trial, they showed that
infants who received fish oil as the sole lipid source
experienced reversal of cholestasis more frequently
(19/42 vs 2/49 receiving soybean oil) and many came
off PN.”" Similarly, Diamond and his colleagues”
found that a mixture of fish oil and soybean oil ILE
also restored liver function significantly and achieved
sustained resolution of cholestasis with no adverse side-
effects in 9 of 12 patients. However, some patients did
worse and had to be rescued with monotherapy (fish oil)
and three required a liver-intestine transplant during
the study. In adults with PNALD, Pironi et al”™ and
Jurewitsch et al”™' reported cases of improvement of
liver function tests during the use of a fish oil-based ILE.
In our experience, we performed an open-label study
of a fish oil-based ILE in 15 adults with short bowel
syndrome, who developed cholestasis while receiving
soybean oil-based ILE. Our data demonstrated that 12
of the 15 had their direct bilirubin normalized within
4 weeks and serial liver biopsy specimens showed
progressive histological improvement.” In addition
to cholestatic reversal, a fish oil-based lipid emulsion
is associated with significant improvement in all major
lipid panels such as total serum cholesterol, triglyceride
and high-density lipoprotein.” " It should also be
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noted that more researach into the long-term outcomes
of this novel therapy for PNALD in adults is required.
The components of fish oil eicosapentaenoic acid and
docosahexaenoic acid are thought to confer benefits on
the liver. One important mechanism for these changes
is the ability of ®-3 PUFAs to buffer against the pro-
inflammatory effects of m-6 PUFA intake. Lowered ®-6
PUFA intake is likely to reduce hepatic inflammation. In
addition to this, fish oil does not contain phytosterols,
which have antagonistic activity against FXR gene
expression which significantly compromises the
hepatoprotective  mechanisms that normally act
to attenuate cholestasis.”’ Moreover, Zhao et al”
demonstrated that eicosapentaenoic acid has more affinity
to enhance FXR agonist-induced bile salt export protein
expression, which mediates bile acid excretion into bile.
Glutamine is a primary fuel for enterocytes and for
gut-associated lymphoid tissue. Addition of glutamine
to PN solutions may lead to a significant improvement in
intestinal epithelium barrier function, by up-regulating
the expression of tight junction proteins and reducing
the translocation of bacteria from the gut lumen to
the systemic circulation.” Wang et al™ and Wu et
al™ reported their experience of parenteral glutamine
improving outcomes in very low birth-weight infants
and infant rabbits. They reported that the serum levels of
aspartate aminotransferase and total bilirubin decreased
after PN in the glutamine-supplemented group. However,
intravenous forms of glutamine are not readily available
in some countries, since the benefits of treatment remain
controversial ® and guidelines for their use are needed.

Transplantation

First of all, liver or combined liver-intestinal
transplants should be used cautiously, because survival
on intestinal and liver transplant is less than that on
long-term total PN and the advent of fish oil as an
emerging treatment. For patients who have established
end-stage PNALD and cannot wean off total PN, fish
oil may not improve established fibrosis, and certainly
cirrhosis,"™ so the only option may be transplantation;
this has been demonstrated to normalize liver blood
test abnormalities”® in patients receiving an isolated
intestinal transplant. Over the last decade, there
have been significant improvements in surgical
techniques, organ allocation, immunosuppression
and post-transplant care. With the use of anti-
lymphoid preparations and minimal post-transplant
immunosuppression, the University of Pittsburgh has
recently reported that the 1- and 5-year survival rates of
intestine-liver allografts were 92% and 70%, respectively.
Of the current 272 survivors, 245 (90%) were completely
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off PN with full nutritional autonomy.[ss] Therefore,

though it is still associated with significant morbidity
and mortality such as infection and chronic rejection,
transplantation remains a promising option for patients
with end-stage liver disease.

Conclusions

PNALD is a common and potentially life-threatening
problem for patients receiving long-term PN. The use of
emulsions, particularly those containing phytosterols, is
associated with PNALD. Management strategies for its
prevention and treatment include consideration of early
enteral feeding, reduction of total calories and amounts
of w-6 PUFAs and removal of phytosterols, the use of
specialized lipid emulsions such as fish oil emulsions,
and isolated small bowel or combined liver and small
bowel transplantation. A fish oil supplement is effective
in infants, but in adults, fish oil is a useful salvage
maneuver requiring more study. Whether there is a
time-window during which the liver can be salvaged, but
after which it cannot, needs to be determined. A greater
understanding of the pathogenesis of PNALD has led to
targeted interventions to prevent and treat the condition.
Further study should aim to better understand the
mechanisms of PNALD and the long-term outcomes of
its therapies.
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