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Pulmonary hypertension (PH) may complicate connective
tissue disease (CTD), including systemic sclerosis (SSc),1–6

systemic lupus erythematosus (SLE),7–11 mixed connective
tissue disease (MCTD),5,6,8 and CTD overlap syndrome.5,7,12

SSc accounts for the majority of cases of CTD-PH,5 and is the
major focus of this article. We reviewed this topic in a
previous issue13 of Seminars in 2013; this article provides
additional data and publications since that review.

Systemic Sclerosis

SSc is a CTD characterized by inflammation, vasculopathy,
and fibrosis, and may affect multiple organ systems (e.g.,
skin, lungs, gastrointestinal [GI] tract, kidney, heart).14–18 PH
occurs in 7.5 to 20% of patients with SSc5,12,15,19–26 and is
the second-leading cause of death in SSc.27

Broad Overviewof Clinical Manifestations of
Systemic Sclerosis

The diagnosis of SSc is based on the presence of a constella-
tion of clinical signs and symptoms often found in the setting
of specific autoantibody profiles. Dermatologic manifesta-
tions include cutaneous sclerosis, skin ulcers, digital pitting
scars, telangiectasias, and calcinosis. Signs of internal organ
dysfunction include upper and lower GI tract dysmotility,
interstitial lung disease (ILD), PH, cardiac complications, and
renal impairment. Raynaud’s phenomenon is present in
virtually all patients with SSc and can be present for several
years prior to the onset of cutaneous sclerosis, particularly
among patients with limited cutaneous sclerosis.14,15,28

The presence of distinct SSc-associated autoantibodies can
predict the phenotypic expression of SSc and also provide
important prognostic information29–31 (discussed in detail
later). Nailfold capillaroscopy can detect sclerodermatous
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Abstract Pulmonary hypertension (PH) may complicate connective tissue disease (CTD; parti-
cularly systemic sclerosis [scleroderma]), and is associated with increased mortality.
More than 70% of cases of PH complicating CTD occur in patients with systemic
sclerosis (SSc), which is the major focus of this article. Pulmonary complications (i.e.,
interstitial lung disease [ILD] and PH) are the leading causes of SSc-related deaths.
“Isolated” PH (i.e., without ILD) complicates SSc in 7.5 to 20% of cases; secondary PH
may also occur in patients with SSc-associated ILD. Several clinical markers and specific
autoantibody profiles have been associated with PH in SSc. The role of PH-specific
therapy in improving CTD-PH outcomes is under investigation, as prognosis and
responsiveness to therapy appear to be worse in SSc-associated PH compared
with idiopathic pulmonary arterial hypertension. We discuss medical therapies for
CTD-associated PH and the role of lung transplantation for patients who fail medical
therapy.
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microvascular changes, including capillary loss, distortion,
hemorrhage, and dilatation, and some studies have found
that these changes correlate with the extent of organ
involvement.32–34

Classification of Systemic Sclerosis

The newAmerican College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) Classification Cri-
teria35 for SSc has improved sensitivity (91%) and specificity
(92%) compared with the prior criteria proposed by the ACR
in 1980.16 In 1988, LeRoy et al classified SSc patients into
limited and diffuse subsets based on the distribution of skin
sclerosis,15,17,34 and this distinction has important prognos-
tic implications.17 Patients with limited cutaneous systemic
sclerosis (lcSSc) have cutaneous sclerosis of the distal
extremities (i.e., forearms, hands, lower legs, feet, face),
while patients with diffuse cutaneous systemic sclerosis
(dcSSc) may have cutaneous sclerosis of the chest, abdomen,
thighs, and upper arms, in addition to the areas affected in
lcSSc.15,17,25,34,36 Patients with both lcSSc and dcSSc can
develop serious internal organ involvement, although the
evolution of these complications typically occurs more
rapidly in patients with dcSSc.13,28,37 While isolated PH
occurs more commonly in patients with lcSSc compared
with dcSSC,37,38 both subgroups can develop ILD. However,
the risk of developing renal crisis is higher in dcSSc than in
lcSSc patients, with an odds ratio (OR) of more than 7 in
dcSSc patients.39

Rarely, SSc patients exhibit classic signs and symptoms of
SSc without obvious cutaneous involvement (termed “sine
scleroderma”).14,15,34,40 Historically, the acronym CREST
(calcinosis, Raynaud’s phenomenon, esophageal dysmotility,
sclerodactyly, and telangiectasias) syndrome was used to
define a subset of patients with SSc,41 but most consider this
term to be obsolete.14 Approximately 10% of SSc patients
have signs of other defined CTDs, such as SLE, rheumatoid
arthritis, and polymyositis (termed “overlap syndrome”).12

Epidemiology of Systemic Sclerosis

The incidence of SSc ranges from 2.3 to 22.8 per million/year;
the prevalence ranges from 88 to 280 per million.14,15,42,43

Themajority of patients with SSc are women (80%),14,15,36,44

between the ages of 45 and 64 years.15,36 Geographic varia-
tion in the prevalence of SSc exists.42,43,45,46 SSc is more
common in the United States (prevalence, 240 cases per
million adults; incidence, 20 cases per million adults) than
in Europe or Asia.42,47–49 The incidence is higher among
blacks, but no other significant ethnic differences in distri-
bution have been documented.14,15,42,50

Genetic factors may explain some of the geographic
differences observed in the prevalence rates. Clusters of
SSc cases exist within certain families, Choctaw Indians, as
well as other ethnic groups.14,42,51 Furthermore, genetic
studies have identified SSc-associated polymorphisms of
genes encoding cytokines, cytokine receptors, chemokines,
and extracellular proteins.14,51 While some studies have

suggested that environmental factors (e.g., silica, solvents)
may augment the risk of SSc, thus far, no single factor has
emerged as universally causative factor.52 One recent study
found that SSc patients in France had higher median levels of
heavy metals compared with controls.53

General Prognosis of Patients with Systemic
Sclerosis

Organ Involvement in Systemic Sclerosis
SSc has the highest cause-specific mortality of all of the
CTDs,15,54,55 but the clinical expression and prognosis of SSc
vary considerably.14,15,17While patients with dcSSc can more
rapidly develop organ dysfunction compared with patients
with lcSSc, involvement of visceral organs (principally lungs,
kidneys, and heart) is the major factor determining prog-
nosis.14,15,37,44 The frequency of organ involvement varies
across prior studies as criteria for specific organ involvement
are not uniform within these studies.15,37,56 Specific organ
complications occurred at the following rates: kidney (19%),
heart (15%), lung (16%), GI tract (8%), and skin (24%),37most of
the severe complications occurring within 3 to 4 years of
presentation.37 In a systematic review of 69 SSc studies, the
pooled prevalence of organ complications in dcSSc was ap-
proximately 15%, cardiac involvement (15%), PH by right heart
catheterization (RHC) (15%), digital ulcers (15%), myositis
(13%), inflammatory arthritis (12%), and renal crisis (15%).26

Presently, PH and ILD together account for 60% of
SSc-related deaths.27,44 Previously, renal crisis was the lead-
ing cause of death in SSc.37 The incidence of renal-related
deaths diminished dramatically following the introduction
of angiotensin-converting enzyme (ACE) inhibitors in the
1980s among patients with renal crisis.37,44,57 EULAR Scler-
oderma Trials and Research (EUSTAR) database (inaugurated
in June 2004) prospectively followed 5,860 SSc patients from
151 centers for a mean of 0.9 years; during this time, 5.2% of
patients died.27 Among SSc-related deaths, attributable
causes included ILD (35%), PH (26%), cardiac (26%), renal
(4%), GI tract (3%).

Survival in Systemic Sclerosis
Reported SSc survival rates vary by country.12,15,25,56,58–65

Differences between geographically distinct cohorts may be
due to genetic factors, environmental factors, as well as
differences in therapeutic approaches25,56,66 (►Table 1).

Risk factors for mortality in SSc based on single-center
studies include male gender;14 lung, heart, or kidney in-
volvement;15,58,65 older age;15,56,65 shorter duration of
Raynaud’s at the disease onset;15 and greater extent of
cutaneous sclerosis.62 Factors associated with decreased
mortality include the presence of the anticentromere anti-
body (ACA).48 Specific laboratory tests are associated with
increased mortality in SSc. The presence of anti-topoisome-
rase antibody,15,48,58,59 U1 autoantibodies,15,46 and RNA
polymerase (RNAP) antibodies,59 as well as an increased
sedimentation rate (� 25 mm/h),56 and decreased hemo-
globin < 12.5 g/dL each independently predict mortality
in SSc.
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An analysis of the EUSTAR database (N ¼ 5,860 SSc pa-
tients) determined that independent predictors of mortality
included proteinuria, PH; forced vital capacity (FVC) less than
80%, dyspnea on exertion, reduced diffusing capacity for
carbon monoxide (DLCO), older age at SSc onset, and severity
of skin thickness.27 Among patients with dcSSc, severe organ
involvement occurs early in the course of the disease (first
3 years), and is associated with worse survival.37 Further-
more, the greatest decline in FVC occurred during the first
2 years of the disease.73

Scleroderma Autoantibodies

The majority of patients (>95%) with SSc have a positive
antinuclear antibody (ANA). More specific SSc autoantibodies
includetheACA (present in40–70%)andanti-topoisomerase-1
(also known as anti-Scl-70), found in 12 to 40%, but the
prevalence of these autoantibodies in SSc varies
widely.14,15,22,29,40,56,66,74–76 Importantly, ACAandanti-topoi-
somerase-1 is almost alwaysmutually exclusive.15,29,30,74,77,78

Additional antinuclear antibodies have been detected in SSc
patients,15,29,30,79 including RNAP I, II, and III.30 This is an
evolving area of SSc research and the putative roles of existing
and newly discovered autoantibodies in the pathogenesis of
SSc are poorly understood.

Influence of the Presence of Autoantibody
on Clinical Features and Prognosis

Certain autoantibodies are associatedwith specific SSc pheno-
types.15,29,31,74 For instance, ACAs are almost exclusively found
in lcSSc (96%)14 and are associated with calcinosis and telan-
giectasias. By contrast, anti-Scl-70 ismore common inpatients
with dcSSc14,73 and is associated with peripheral vascular
disease (pitting scars) and more severe ILD.15,29,62,75,79–81

Anti-RNAP III is another important SSc-associated antibody
and is found in45%ofpatientswithdcSSc, but inonly6%of lcSSc
and 0% with CTD overlap syndrome.82 SSc patients with anti-
RNAP III had a significantly higher mean maximum skin thick-
ness scores, but lower rates of telangiectasias, inflammatory
myopathy, restrictive lung disease, or serious cardiac manifes-
tations compared with SSc patients with anti-Scl-70.82 While
patients with anti-RNAP III typically have more extensive
cutaneous sclerosis early in the disease course, dramatic im-
provements in (and in some cases complete resolution of)
cutaneous sclerosis are often appreciated over a relatively short
amount of time (i.e., 1–2 years).83 Anti-RNAP III is also asso-
ciated with a markedly increased risk for the development of
renal crisis.83

Pulmonary Hypertension–Specific Autoantibodies
Certain autoantibodies occurmore commonly in SSc patients
with PH including ANA with a nucleolar pattern;84 antifi-
brillarin antibodies (anti-U3-RNP);85 fibrin-bound tissue
plasminogen activator;86 anti-topoisomerase II-α antibo-
dies, particularly in association with HLA-B35 antigen;87

antiendothelial cell IgG antibodies;88,89 anti-Th/To;90 and
ACA.29,75,79,90 Some evidence suggests that certain autoan-
tibodies (e.g., anti-U1-RNP and anti-dsDNA)may promote an
inflammatory pulmonary vasculopathy91 and may contri-
bute to the pathogenesis of vascular remodeling in PH.92

Pulmonary Hypertension in SSc

Pathology of SSc-PH
While the pulmonary arterial/arteriolar lesions observed in
SSc-PHmay be similar to idiopathic PAH (IPAH), pathological
features unique to SSc include fibrous remodeling of the
pulmonary venous system, with occlusive lesions in veins/

Table 1 Survival in systemic sclerosis varies across geographically
distinct cohorts

Region N Survival

Italy15 1,012 10 y for patients recruited
between 1955 and 1985: 60.6%

10 y for patients recruited
between 1986 and 1999: 76.8%

Japan48 496 5 y: 93.7%

10 y: 82%

Canada56 309 5 y: 91.7% (lcSSc); 78.6% (dcSSc)

10 y: 79% (lcSSc); 62.4% (dcSSc)

Sweden67 249 5 y: 86%

10 y: 69%

Denmark59 174 13-y follow-up: 62.1%

Australia64 177 10 y: 71% (sclerodactyly only);
58% (cutaneous sclerosis
proximal to the MCPs);
21% (dcSSc)

Spain63 79 15 y: 62%

Europe27 2,940 Mean 0.9-y follow-up: 94.8%

Netherlands68 460 15-y follow-up: 75.1%
(lcSSc ATA positive); 57.9%
(lcSSc ATA negative); 52.9%
(dcSSc ATA positive)

Spain69 1326 5 y: 95.5%

10 y: 91.2%

20 y 79.2%

30 y: 65.3%

Iran70 220 5 y: 92.6%

10 y: 82.3%

Norway71 312 5 y: 98% (lcSSc); 91% (dcSSc)

10 y: 93% (lcSSc); 70% (dcSSc)

Pennsylvania44 2,125 10 y: 54–66%
(over a 30-y recruitment period)

Hungary72 5 y: 90.5% (lcSSc); 67% (dcSSc)

10 y: 81.8% (lcSSc); 48.6%
(dcSSc)

Abbreviations: ATA, anti-topoisomerase antibodies; dcSSc, diffuse
cutaneous systemic sclerosis; lcSSc, limited cutaneous systemic
sclerosis; MCP, metacarpophalangeal.
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preseptal venules (resembling pulmonary venoocclusive
disease [PVOD]), and capillary angioproliferation and post-
capillary congestion93,94 (►Fig. 1A–F). By contrast, plexo-
genic vasculopathy, which can occur in IPAH, has not been
observed in SSc-PH.93,94

Pathogenesis of PH in SSc
Accumulating evidence suggests that specific components of
the immune system may perpetuate inflammation in the
pulmonary vasculature in SSc-PH, including T and B lympho-
cytes,macrophages, dendritic cells, and leukocytes. In addition
to inflammation, vascular changes have been observed in
SSc-PH, including endothelial cell (EC) activation, inflamma-
tory cell recruitment, a procoagulant state,95 endothelial in-
jury,96 and intimal proliferation and fibrosis leading to vessel
obliteration.96 Circulating vascular endothelial growth factors
(VEGFs) may be increased in SSc,97 and autoantibodies may

also upregulate adhesion molecules,91 leading to a prolifera-
tive vasculopathy.

Specific peripheral proteins are elevated among SSc-PH
patients and may contribute to the pathogenesis of this
condition. In one recent study, plasma sFlt-1 and placental
growth factor (PIGF), regulators of angiogenesis, were higher
in the 37 patients with SSc-PH than in 40 SSc patients who
did not develop PH.98 In a Norwegian study of 298 patients
with SSc, circulating endostatin levels were higher in pa-
tientswith SSc comparedwith normal controls,99 confirming
the results of an earlier smaller study.100 Endostatin is the
most potent inhibitor of VEGF-induced angiogenesis.
Further, in a univariate logistic regression analysis, elevated
endostatin predicted the onset of PAHwithin 2 years (ORwas
1.7 (CI: 1.2–2.4, p ¼ 0.005), whereas the multivariate ana-
lysis failed to confirm the predictive value of endostatin for
the onset of PAH.99

Fig. 1 Vascular changes in “scleroderma lung.” (A) Gross lung with interstitial fibrosis in a UIP pattern; (B) typical arterial lesion with medial
hypertrophy and intimal fibrosis (EVG stain,�100); (C) plexiform/angiomatoid lesion that has been described in PSS but is rare in our experience
(H&E stain �100); (D) pulmonary venous occlusive disease (arrows) and pulmonary capillary hemangiomatosis (PCH; oval), often seen together
when present in PSS (H&E, �40); (E) PCH demonstrated by reticulin stain (�40), and (F) PCH demonstrated by CD34 immunohistochemistry
(�100). PCH, pulmonarycapillary hemangiomatosis; UIP, usual interstitial pneumonia.
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Diagnosis of PH in SSc

Right Heart Catheterization
RHC remains the gold standard for the diagnosis of PH101,102

and specific RHC findings have important prognostic impli-
cations.103,104 Baseline resting hemodynamic data (particu-
larly right atrial pressure [RAP], cardiac index [CI], and
pulmonary vascular resistance [PVR]) predict disease sever-
ity and prognosis in IPAH,103 but may be less predictive of
clinical evolution of the disease in SSc-PH.96,105

Transthoracic Echocardiography
Transthoracic echocardiography (TTE) is often used as a
screening technique for suspected PH6,22,106 and also for
monitoring the disease course and response to PH-specific
therapy.107 Signs associated with the presence of PH include
elevated estimated right ventricular systolic pressure (RVSP),
right ventricular (RV) dilation or dysfunction, and flattening
of the interventricular septum.101 However, assessment of
RVSP requires adequate visualization of the tricuspid regur-
gitation jet, which is possible in less than 70% of cases.101,108

Other parameters of interest in PH include the Tei index,109

tricuspid annual peak systolic velocity,110 and tricuspid
annual plane systolic excursion (TAPSE).111 While TTE may
reliably predict the presence of severe PH, it is not a sensitive
marker of mild to moderate PH.22,107 The appropriate para-
meters and threshold ranges for the diagnosis (or exclusion)
of PH have not been validated even though an RVSP �35 mm
Hg is often used as a surrogate marker for PH.

In a prospective study of 137 patients with SSc (52 had
concomitant ILD),107 99 (73%) had PH by RHC. In this study,
the estimated tricuspid gradient (TG) by TTE showed a
modest positive correlation (r2 ¼ 0.44, p < 0.005) with the
mean pulmonary arterial pressure (mPAP) by RHC.107Apply-
ing a TG threshold of �45 mm Hg on TTE, the sensitivity and
specificity for RHC-proven PH was 58 and 97%, respectively.
Lower TG thresholds yielded higher false-positive rates.
Taken together, these findings suggest that TTE is a reason-
able, albeit imperfect, screening approach to identify SSc
patients with PH. European guidelines suggest annual
screening of SSc patients (even asymptomatic) for PH using
TTE, but do not recommend screening for PH in patients with
other CTDs unless symptoms suggestive of PH are present.102

Exercise TTE112,113may be useful for detecting early PH in
SSc; however, no studies have provided substantial evidence
that this is a valid screening approach for PH in SSc. Adding
CT pulmonary angiography (CTPA) testing to TTE may im-
prove the diagnostic accuracy over TTE alone.114

Pulmonary Function Tests
Pulmonary function test (PFT) parameters may be used to
help predict the presence of PH, especially if they are serially
measured. While a reduced DLCO in the setting of low lung
volumes suggests ILD, a DLCO less than 65% predicted with
normal or mildly reduced lung volumes or a decrease in the
DLCO �20% over 1 year suggests PH. The ratio of FVC to DLCO
can also predict PH. When this ratio is higher than 1.6, the
likelihood of PH increases.115

Several formulasexist forpredicting thepresenceofPHusing
PFT parameters.116,117 These equations are typically created
using a derivation cohort from a single center and validated
using a separate cohort from the same center. For example, a
study of 1,165 consecutive SSc patients in France developed a
risk prediction score based on the following variables: age, FVC,
and DLCO/alveolar volume (VA).117 The validation cohort in this
particular study consisted of 443 SSc patients without PH at
baseline, 20 of who (4.5%) developed PHduring a 3-year follow-
up period.117 In patients with low-risk scores, PH developed in
only 0.6% of patients. Thus, this formula provides not only
information about the presence of PH but also the likelihood
of developing PH in the future among patients with SSc.

Elevated N-Terminus Pro-Brain Natriuretic Peptide
Elevated N-terminus pro-brain natriuretic peptide
(NT-proBNP) concentrations predict PH, and serial measure-
ments of NT-proBNP are often used clinically to monitor
disease course and response to PH-targeted therapy. Patients
with SSc-PH have elevated NT-proBNP levels compared with
SSc patients without PH.118,119 In a study of 109 patients
with SSc (68 of who had PH documented by RHC), a
NT-proBNP level of 395 pg/mL predicted PH, with a sensi-
tivity of 56% and specificity of 95%.118 Moreover, baseline
NT-proBNP levels correlated with surrogate measures of PH
severity, including the mPAP and PVR,118 and also predicted
mortality.118,119

DETECT Algorithm
TheNT-proBNP level is a component of the recently developed
DETECT algorithm for predicting PH in SSc. A prospective,
international, multicenter study examined 466 patients with
SSc deemed to be at risk for PAH (i.e., SSc duration >3 years,
DLCO <60% predicted).120 All patients underwent RHC, and a
PH-prediction algorithm was generated. The other compo-
nents of the algorithm include FVC% predicted/DLCO% pre-
dicted, the presence of telangiectasias, the presence of ACA,
serum urate level, and the presence of right axis deviation on
electrocardiography (ECG). The false-negative rate using the
algorithm was low (4%). The reliability of the DETECT algo-
rithm has been confirmed in subsequent studies.121

Epidemiology of SSc-PH

Isolated PH complicates 5 to 20% of cases of SSc.3,19–24,96,122

PH can also occur in conjunctionwith ILD and this is deemed
“secondary” PH.5,15,22,73 The prevalence per million in the
United Kingdom in 2006 was 4.23 for CTD-PH and 2.93 for
SSc-PH.5 The incidence of PH among SSc patients in France
over a 3-year period was 0.61 cases per 100 patient-years
(patients with severe restrictive lung disease or left heart
disease were excluded).22

However, the precise incidence and prevalence of PH in SSc
is not entirely clear as varying diagnostic criteria have been
applied in these studies. Some studies have used TTE to
diagnose PH in SSc patients and have cited prevalence rates
more than 30%.123,124Most studies cite prevalence rates of PH
(by TTE) among SSc patients of 9.9 to 26.7%.3,6,19,24,122,125,126
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Prevalence rates are generally lower when RHC is required to
diagnose PH.19–21

Risk Factors for PH in SSc

Several factors may independently portend an increased risk of
PH in patients with SSc,18 including lcSSc;96,126–128 disease
duration >10 years;96,129 late age of onset of SSc;126,130 in-
creased severity131 or duration128 of Raynaud’s phenomenon;
reducednailfold capillary density;129,132 a low (<70%predicted)
or progressive decline in DLCO;126,131,133 a DLCO that is dispro-
portionately decreased relative to the FVC (FVC% predicted to
DLCO% predicted ratio >1.6);134 and a DLCO/VA ratio less than
70% or less than 60%.135 Specific autoantibodies (e.g., anti-U3-
RNP,38,85 nucleolar pattern ANA, and ACA29,75,79) are associated
with a higher incidence of PH. Also, exercise-induced PHonRHC
and stress echocardiogrammay be associatedwith an increased
risk of PH in SSc.5 Moreover, a borderline PAP (defined as mPAP
21–24) on RHC may be a risk factor for decreased exercise
capacity and the future development of PH.136

The PHAROS Registry (Pulmonary Hypertension Assess-
ment and Recognition of Outcomes in Scleroderma) is a
U.S.-based registry established in 2006 to follow the course
of PH inpatientswith SSc, andoneof its aims is to examine SSc
patients at risk for developing PH.137 In their cohort of 251
patientswithSSc at increasedrisk forPH (asdefinedbyeither a
lowDLCO [<55%]without ILD, a highFVC/DLCO ratio [>1.6], or
systolic pulmonary arterial pressure (sPAP) >40 mm Hg on
TTE), exercise-induced hypoxia, 6-minute walk distance
(6MWD), and mean echocardiogram systolic PA pressure
were significant risk factors for the future development of
PH.138 The average entry 6MWD for the patients who devel-
opednewPHwas353m,versus422mfor thepatientswhodid
not developPH (p ¼ 0.038).138 Thepercentage of patientswho
had exercise-induced hypoxiawhowent on to develop PHwas
54 versus 23% for patients who did not (p ¼ 0.003). The mean
sPAP for patients who eventually developed new PH was 43
mm Hg, versus 39 for those who did not.138

Prognosis of SSc-PH

The presence of isolated PH adversely affects survival in SSc
(3-year survival approximating 50%),2,5,96,118,122,139,140 and
the prognosis is worse when ILD is also present.3,5,96,141,142

Response to PH-specific therapy in SSc is generally
poor5,96,143 and the high mortality rate associated with PH
in SSc may also be due to the concurrent presence of cardiac
and pulmonary parenchymal involvement.96,105

The Registry to EValuate Early And Long-term PAH disease
management (REVEAL), initiated in 2006, prospectively fol-
lowed the course of patients in 54 U.S. pulmonary hyperten-
sion centers withWHOGroup I Pulmonary Hypertension, and
has 3,515patients in the registry.144Theprognosis for patients
with SSc-PH is worse than patients with PH secondary to non-
SSc autoimmune disease, as well as patients with IPAH.144 In
2010, the REVEAL investigators reported that 1-year survival
was 86% in the CTD-PH group compared with 93% in IPAH
(p < 0.0001).145 One-year survival was worse in SSc-PH (82%)

compared with other CTD-PH diagnoses (SLE [94%], MCTD
[88%], RA [96%]).145 A follow-up publication of the REVEAL
registry data in 2014 showed that 3-year survival rates for
patients with newly diagnosed SSc-PHwas 51%.146 In compar-
ison, the 3-year survival for all patients with PAH in the
REVEAL registry was 68%, and the 3-year survival for patients
with IPAH or familial PAH was 74%.147 Meanwhile, the 3-year
survival for patients with PH secondary to an autoimmune
disease other than SSc was 76%.146

Another U.S.-based registry, with 791 patients, is the PAH
Quality Enhancement Research Initiative (PAH-QuERI).148

This registry cited 3-year survival of 60% in the SSc-PH group
(60%) comparedwith 77% in the IPAH cohort (p < 0.0001).148

In the EUSTAR registry, which defines PH as an elevated
estimated sPAPbyTTE, the incidenceof SSc-PHwas21%.149Only
16%(44of261)patients in theEUSTARpopulationwithelevated
sPAP by TTE went on to have a RHC performed.150 The hazard
ratio for sPAP as a risk factor for death, regardless of whether a
RHCwasperformed,was3.02,andtheestimated5-yearsurvival
was 57% in patients with sPAP greater than 35 mmHg and just
28% in patients with sPAP greater than 50.150

Previous studies examined survival rates of subgroups of
patients with SSc-PH. British investigators followed 315 new
incident cases of SSc-PH (confirmed by RHC) for amean of 3.3
years.5 One- and 3-year survival rates for “isolated” SSc-PH
were 78 and 47%, respectively. However, among SSc patients
with PH and ILD, the 3-year survival was only 28%
(p ¼ 0.005). Younger age, female sex, higher mixed venous
oxygen saturation (Sv02), and lowerWorld Health Organiza-
tion (WHO) functional class were independent predictors of
survival.5 Survival rates from another UK studyof 89 patients
with SSc-PH (confirmed by RHC) reported survival rates at 1,
2, and 3 years of 81, 63, and 56%, respectively.19

A cohort of 91 consecutive patients from Johns Hopkins
University (SSc-PH [n ¼ 50]; IPAH [n ¼ 41]) reported 1- and
3-year survival rates of 88 and 49%, respectively, in SSc-PH
patients compared with 95 and 84%, respectively, in IPAH.105

Overall, mortality was higher in patients with SSc-PH even
though themPAP was lower in the SSc patients (46.6mmHg)
compared with IPAH (54.4 mm Hg).105 In this study105 and
other studies,63,139,151 the presence of a pericardial effusion
predicted poor outcomes. Pericardial effusionmay occur as a
result of increased right heart pressure152 or the presence of
serositis.151

Additional factors which portend a poor prognosis in SSc-
PH include male sex,5 late age at diagnosis,5 hyponatremia,153

advancedWHOfunctional class,5,154 reducedDLCO,141 reduced
6-MWD,19,154 elevated BNP,118 impaired renal function,155

concomitant ILD,3,5,96,141 pericardial effusion,105 low stroke
volume,155,156 and cardiac disease.96 Intrinsic cardiac disease
in SSc may impair RV contractility and the ability of the RV to
adapt to pressure overload.157 One study found that SSc-PH
patients exhibited lower strokevolumes foranygivenmeanRV
pressure compared with IPAH patients.158

Another important prognostic factor in SSc-PH is the
present of ILD.3–5,19,141,159Among a cohort of 59 SSc patients
with PH (20 had concomitant ILD), survival was significantly
worse in the SSc-ILD cohort (1-, 2-, and 3-year survival rates

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al.624

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



of 82, 46, and 39%, respectively) compared with those with-
out ILD (1-, 2-, and 3-year survival rates of 87, 79, and 64%,
respectively).141 These findings are consistent with those
reported by Launay and colleagues, in which the 3-year
survival rates were lower in SSc-PH-ILD (47%; n ¼ 47) com-
pared with SSc-PH (71%; n ¼ 50).159

In the setting of ILD, the use of PH therapy in SSc remains
controversial.While data assessing the efficacy of PH therapy
in patients with SSc-PH-ILD are scarce,96,141,160 one retro-
spective study found that initiation of PH therapy in 70
patients with SSc-PH-ILD did not change 6MWD, WHO class,
or hemodynamics with therapy.161 Survival at 1, 2, and
3 years were 71, 39, and 29%, respectively.161 Another retro-
spective study found that early initiation of prostacyclin
therapy (within 6 months of the diagnostic RHC) was asso-
ciated with improved survival in patients with SSc-PH
(N ¼ 99), among whom 72% had SSc-PH-ILD.142 Clearly,
more prospective studies are needed to determine whether
PH therapy improves prognosis in the setting of ILD in
patients with SSc.

PH-Specific Therapy for SSc

The most prominent society treatment guidelines for the
management of PH include those of the World Symposium
onPulmonaryHypertension (WSPH),which convened in 2013
in Nice, France.162 In addition, the joint guidelines of the
European Society of Cardiology (ESC) and European Respira-
tory Society (ERS) were last updated in 2015,163 and the
American College of Chest Physicians (ACCP) guidelines were
updated in 2014.164 Due to the relative lack of randomized
trials, in conjunction with retrospective studies with hetero-
geneous endpoints, study populations, follow-up periods, and
therapeutic interventions, the efficacy and safety of therapies
specifically for SSc-PH is poorly understood. Therefore, the
aforementioned guidelines differ in their recommendations
regarding the management of SSc-PH. For example, the
ESC/ERS and WSPH guidelines state that high-quality data
support the use of epoprostenol in SSc-PH, while the ACCP
guidelines do not specifically address SSc-PH.

Theoretically, early diagnosis and treatment of SSc-PHmay
improve health outcomes.18,137,155,165–167 However, pharma-
cological therapy for SSc-PH is less effective than for
IPAH1,143,161,165,168 and clinical trials have not yet demon-
strated a survival benefit in SSc-PH;96 however, REVEAL
registry data suggested that SSc-PH patients are offered sig-
nificantly less combination and prostacyclin-based PH thera-
pies compared with IPAH.145 Oral agents (i.e., ET-1 receptor
antagonists [ETRA]4,141,168–171 or phosphodiesterase inhibi-
tors [PDE5-I])168,172 are often first-line therapy for SSc-PH.5

However, a reviewof randomized clinical trials (RCTs) demon-
strated that these oral agents do not improve exercise capacity
(assessed by 6MWD) in SSc-PH.168 Similarly, in a cohort of 122
patients with SSc-PH in North America, only 51 (41.8%) were
receivingPH-specific therapy.6Of these 51patients, treatment
options included bosentan in 36 (70.1%), epoprostenol in 5
(9.8%), and other in 10 (19.8%).Mathai et al reported 59 SSc-PH
patients (20 with concomitant ILD),141 the majority of whom

were treated with ETRA as initial therapy. Type of initial PH
therapy and the use of warfarin did not affect survival. Below,
we reviewdata foreachof theagents currentlyused forSSc-PH.

Prostanoids

Parenteral prostanoids are reserved for PH patients with
New York Heart Association (NYHA) class IV or functional
class III patients failing oral agents.1,96,173 Continuous ther-
apy with intravenous (IV) epoprostenol174 or treprostinil (IV
or subcutaneous)175–177 is effective in patients with IPAH
based on RCT, but few CTD-PH patients were enrolled in
those studies.

One randomized, open-label study assessed the efficacy of
IVepoprostenol (comparedwith non–PH-specific therapy) in
111 SSc patients with moderate to severe PAH over
12 weeks.1 Exercise capacity (based on 6MWD) and hemo-
dynamics improved in the epoprostenol-treated group, but
there was no difference in survival (four deaths in the
epoprostenol cohort;five deaths in the conventional group).1

Importantly, this study was not statistically powered to
evaluate the effect of epoprostenol on mortality. In another
study of 90 patients with CTD-PH, treatment with subcuta-
neous treprostinil for 3 months resulted in small, but statis-
tically significant improvements in CI, PVR, dyspnea-fatigue
scores, and 6MWD compared with placebo.173

The use of parenteral agents in patients with SSc may be
limited secondary to access issues in the setting of severe
cutaneous sclerosis and/or joint contractures. Complications
of parenteral administration of prostacyclins include blood-
stream infections,178 as well as fatal pulmonary edema, which
hasbeenobserved inSScpatientswith thepulmonarycapillary
hemangiomatosis (PCH) and PVOD spectrum of disease.179,180

Inhaled prostanoids (e.g., iloprost) are rarely used in SSc-PH, as
there is minimal evidence supporting their efficacy.181,182

Treprostinil is now available in oral formulation, which
potentially obviates the above concerns with employing
infusional devices in patients with cutaneous sclerosis,178

and the medication has FDA approval for use in all group I
PAH patients including those with SSc-PH. However, the data
for oral treprostinil are not as robust as the data for sub-
cutaneous and IV infusion. Two studies investigating the
effect of adding treprostinil to background therapy of ERA,
PDE5 inhibitor, or combination failed to show a statistically
significant improvement in the primary endpoint of im-
provement in 6MWD.183,184 About 30% of the study popula-
tion had CTD-PH, and they fared even worse than the IPAH
cohort, with a nonstatistically significant decrease in mean
walk distance for CTD-PH patients taking study drug
(�4.0 m; 95% CI, �25 to 20 m), compared with the trend
toward increase in IPAH patients (14.0m, 95% CI, 0–28m).183

ET-1 Receptor Antagonists

Two RCTs have demonstrated the efficacy of bosentan, an
oral ETRA, for patients with IPAH and SSc-PH.185,186

The Bostentan Randomized Trial of Endothelin Antagonist
Therapy (BREATHE-1) randomized 213 patients with PH
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(IPAH [n ¼ 150], SSc-PH [n ¼ 47], non-SSc CTD-PH [n ¼ 16],
all WHO class III or IV) to bosentan versus placebo for
12 weeks.186 A significant treatment effect was observed
for the following endpoints: 6MWD, improvement in WHO
class, time to clinical worsening (TTCW), and Borg dyspnea
score.186 Denton and colleagues187 performed an in-depth
analysis of the CTD-PH enrolled in the aforementioned
RCTs185,186 and failed to demonstrate a statistically signifi-
cant improvement in 6MWD, though they reported a trend in
favor of bosentan, with themean 6MWD22.1mhigher in the
bosentan group, but a 95% CI ranging from �32 to 76 m.187

Additional studies have compared CTD-PH patients treated
with bosentan in RCTs and compared these patients with
untreated historical controls.154,187 These studies have de-
monstrated favorable treatment effects on 6MWD,187

PVR,154 and survival.154 However, the results should be
interpreted with caution because the use of a historical
control cohort can lead to systematic bias and confounding.

A RCT demonstrated that ambrisentan, another ETRA,
improved 6MWD at 12 weeks in patients with IPAH and
SSc-PH.188However, similar to bosentan,171 the improvement
in 6MWD was greater in patients with IPAH (50–60 m)
comparedwith CTD-PH (15–23m).188Macitentan is the latest
ETRA to gain approval for use in PH. In the sentinel study, 742
patients with PH (224 had CTD),189 two different doses of
macitentan were compared versus placebo. While treatment
with macitentan reduced the risk of worsening of PH, no
survivalbenefitwasobserved in the treatmentarm.189Though
this study did not focus specifically onpatientswith CTD-PH, a
subgroup analysis of the patients with CTD-PH demonstrated
no significant difference in the rate of meeting the primary
outcome of complication of PH or death between macitentan
versus placebo.189 In addition to improving PH-related out-
comes, ETRA may improve skin perfusion in hands190 and
reduce the occurrence of new digital ulcerations in SSc.191–193

Phosphodiesterase Type V Inhibitors

Sildenafil is also used to manage CTD-PH. In the SUPER-1
RCT, patients with PH (IPAH and CTD-PH) who were treated
with varying dosages of sildenafil (20 mg, 40 mg, or 80 mg
tid) had a significant improvement in 6MWD at 12 weeks
compared with placebo.194 A post hoc analysis of the
84 patients with CTD-PH in this study (45% had SSc) found
modest improvement in 6MWD, hemodynamics, and func-
tional class after 12 weeks of therapy.172 Moreover, NYHA
functional class improved in 29 to 42% of patients receiving
sildenafil compared with 5% in the placebo cohort.

In a RCT of 405 patients with PH (IPAH and CTD-PH),
treatment with tadalafil (doses 2.5, 5, 10, or 40 mg daily for
16 weeks) was associated with a significant improvement in
6MWD, TTCW, and quality of life, but only among the
patients who received dosages of 40 mg daily.195 Notably,
55% of patients in this study were on bosentan at the time of
enrollment and themeanplacebo-adjusted change in 6MWD
was 44 m among bosentan-naive patients compared with
23 m in patients receiving bosentan. This study did not
examine the CTD-PH patients separately.

Combination Vasodilator Therapy

Combination therapy is now frequently employed as a
management strategy in CTD-PH.195 In one study, sildenafil
was added in 13 patientswith IPAHand 12 patients with SSc-
PAH who were initially treated with bosentan monother-
apy.196 After the addition of sildenafil, WHO functional class
improved in 5 of 13with IPAHand in only 2 of 12with SSc-PH.
The 6MWD improved on average by 47 m in IPAH, but
declined by 7 m in the SSc-PH cohort. Sildenafil has also
been added onto therapy with IV epoprostenol in patients
with IPAH and CTD-PH (21% of all patients had non-SSc CTD
and 11% had SSc).197 Improvement occurred mainly in
patients with IPAH in this study. Another study of 112
patients with PH of diverse etiologies (IPAH [51%], SSc
[26%], other [23%]) found that adding a second agent in
patients failing monotherapy (mean time of monotherapy:
18.7 months) led to improvements in 6MWD, TTE para-
meters, and WHO class at 1 year.198 Survival rates on
combination therapy were better among IPAH patients com-
paredwith SSc-PHpatients (1- and 2-year survival rateswere
93 and 79%, respectively, for IPAH patients compared with
72 and 48%, respectively, for SSc-PH).198

Clements et al examined 228 patients with SSc-PH and 279
patients with IPAH seen at 60 sites in the United States from
2005 to 2007.148 PH-specific agents used between the two
groups differed by the following (SSc vs. IPAH): ERA mono-
therapy (66 vs. 54%), combination of ERA plus PDE5-I (25 vs.
12%), and parenteral prostanoid (19 vs. 38%). British investi-
gators described 315 patients with isolated SSc-PH, of whom
90% were treated with PH-specific therapy (monotherapy in
62%; combination therapy in 28%).5 Of those receiving mono-
therapy, treatment includedETRA (68%), prostanoid (17%), and
PDE5-I (15%).5 Overall survival was improved compared with
prior studies,199 but the impact of specific therapeutic agents
could not be assessed. In a report from John Hopkins, 69 of 76
(90.8%) patients with SSc-PH were treated with PH-specific
agents.155 Initial treatment consisted of ETRA in 26 (37.7%),
PDE5-I in34 (49.1%), IVprostacyclin in8 (11.6%), andhigh-dose
calcium channel blockers (CCBs) in 1 (1.4%). At the end
of follow-up, therapy included ETRA alone, n ¼ 10 (14.5%);
PDE5-I alone, n ¼ 19 (27.5%); prostanoids alone, n ¼ 5 (7.2%);
and combined therapy, n ¼ 35 (50.7%). The impact of treat-
ment couldnot be assessed.However, survivalwasnobetter in
the later phases of the study.

In 2016, the PHAROS investigators published data com-
paring the efficacy of therapies on patients with SSc-PH
confirmed by RHC. They used a composite primary outcome
(TTCW), which consisted of the following variables: onset of
death, PH-related hospitalization, lung transplantation (LT),
initiation of parenteral prostanoid therapy, or worsening of
symptoms. The group of patients taking ETRA alonewere less
likely to remain clinically stable: 34.8% were clinically stable
at 3 years, comparedwith 68.2% in the combined ETRA/PDE5
inhibitor group and 80.8% in the PDE5-only group. Further-
more, 10 (41.6%) patients in the ETRA-only group died,
compared with 1 (6.7%) in the combined therapy group,
and 4 (6.8%) in the PDE5 inhibitor-only group.200
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The PHAROS data supporting the use of combination ther-
apy over ETRA alone is corroborated in the Ambrisentan and
Tadalafil in Patients with Pulmonary Arterial Hypertension
(AMBITION) study, a RCT comparing tadalafil monotherapy,
ambrisentan monotherapy, and tadalafil/ambrisentan combi-
nation therapy.196The studyenrolled 610patients, 187ofwho
had CTD-PH. The risk of clinical failure was lowest with
combination therapy (18%), compared with the ambrisentan
alone (34%) or tadalafil alone (28%).196 The authors of AMBI-
TION study did not publish subset analysis specifically regard-
ing patientswith CTD-PH, but this combinationwas studied in
SSc-PH patients in a smaller trial out of Johns Hopkins.201

Twenty-four patientswith SSc-PHwere treatedwith combina-
tion of ambrisentan and tadalafil, and the authors reported an
improvementof14% in thefirst primaryoutcomeofRVmassas
measured by cardiac magnetic resonance imaging (MRI), a
decrease from 6.9 to 3.1 Wood units in PVR as the second
primary outcome, and an improvement in mean 6MWD to
395 m from 343 m, which was a secondary outcome.201 This
study did not have a placebo control group.

Anticoagulation

Systemic anticoagulationwithwarfarin for PAHwaspreviously
included in the treatmentalgorithmforPAHat the fourthWSPH
at Dana Point, California, in 2008, based on data from observa-
tional studies.202 However, these studies occurred between
1984203 and 1997,204 prior to the availability of many current
treatment modalities. Furthermore, a systematic review pub-
lished in 2006 demonstrated that among seven studies exam-
ining survival in relation to anticoagulation use two of these
studiesdidnot support theuseofanticoagulation.205Duetothe
lack of RCTs and themixed results of the observational studies,
anticoagulation for PAH has largely fallen out of favor and
neither a recommendation for or against warfarin was listed
in the treatment algorithm of the fifth World Symposium at
Nice, France.162 Recent studies have supported this shift, espe-
cially in the setting of SSc-PH. The Comparative, Prospective
Registry of Newly Initiated Therapies for Pulmonary Hyperten-
sion (COMPERA) registry, a multinational European registry
composed of 41 PH centers, found that among the 208 patients
with SSc-PH, there was no improvement in mortality for the
104 patients treatedwith anticoagulation,206 despite amortal-
ity benefit for IPAH patients taking anticoagulation.206

Analysis of the REVEAL registry demonstrated that pa-
tients with SSc-PH who initiated warfarin after enrollment
into the study had a significantly lower survival compared
withmatched controls; however, this survival differencewas
no longer significant once the analysis adjusted for baseline
disease severity measures.146 Taken together, the findings
from these two large registry studies do not support the use
of anticoagulation in CTD-PH.

Recently Approved Therapies

Riociguat, a stimulator of soluble guanylate cyclase, received
FDA approval for use in patients with WHO group 1 PAH in
2013. In the sentinel article regarding riociguat, improvement

in exercise capacity was noted among patients taking the
study drug,207 but the authors did not detail how the patients
with CTD-PH fared. Instead, the study group published the
data regarding the CTD-PH subgroup in 2017, showing a trend
toward significance but not a statistically significant improve-
ment in the primary outcome of improvement in exercise
capacity both for CTD-PH patients as a group, or those with
SSc-PH.208Theauthorscommentedthat thisfindingwas in line
withprior studies thathad showed lessbenefit amongpatients
with CTD-PH compared with IPAH.208

Selexipag, an agonist of prostacyclin receptor, was ap-
proved by the FDA for use in patients in PAH, including
patients with SSc-PH, in 2015. Selexipag monotherapy re-
duced the onset of a composite endpoint of death or com-
plications of PHwhen comparedwith placebo.209 The largest
difference in complication rate was for disease progression
(17.2% for the placebo arm vs. 6.6% for the treatment arm),
and there was no mortality benefit. While this study in-
cluded patients with CTD (29%; 334 of 1,156), no CTD
subgroup analysis was performed. Nonetheless, like rioci-
guat, selexipag is approved for use in all patients with WHO
group I PAH, including those with SSc-PH.210

Experimental and Future Therapies

Case studies provided some early evidence that imatinib, an
inhibitor of tyrosine kinase and platelet-derived growth
factor (PDGF), may play a role in the treatment of
CTD-PH.211,212However, a RCTof imatinib as add-on therapy
demonstrated that PH patients randomized to imatinib had
increased serious adverse events and drug discontinuations
compared with placebo.213

Bardoxolone methyl is a suppressor of NF-κB and is
currently under investigation for the treatment of PAH,
including those with PAH associated with systemic inflam-
matory disease.214 Beraprost-314d is an orally active pros-
tacyclin analog with early positive results, and is currently
being investigated in conjunction with inhaled treprostinil
for patient with PAH, including CTD-PH215 (NCT01908699).

Lung Transplantation for CTD

A growing number of LT procedures are being performed in
patients with CTD who are failing PH medical therapy.216,217

Historically, patients with CTD were precluded from LT due to
concerns about gastroesophageal reflux (particularly in the
setting of SSc) and extrapulmonary involvement characteristic
ofmostCTDs.From1995to2010,of30,673(1.2%)LTsperformed
worldwide 359 LTs were performed on patients with an under-
lying CTD.218 In a two-center study, survival rates post-LTwere
similar at 6 months for patients with SSc (n ¼ 29), idiopathic
pulmonary fibrosis (IPF) (n ¼ 70), and IPAH (n ¼ 38).217 By
2years, cumulative survivalwas approximately 64% for all three
groups. Our center previously reported improved 1-year survi-
val rates among LT recipients with SSc (93.4%) compared with
IPF (86.9%).216 A review of 54 LTs in SSc from 1986 to 2006
reported survival rates at 2 and 5 years of 72 and 52%, respec-
tively, which are comparable to other diseases receiving LT.219
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More recent studies have not found any difference in post-
LT survival between SSc patients and non-SSc patients with
fibrotic lung diseases.42,220–223 Furthermore, contrary to
previous thought, severity of esophageal dysfunction by
either morphometry or manometry criteria was not asso-
ciated with survival in SSc-ILD patients (n ¼ 35) who under-
went LT at our center.223 These findings are consistent with a
prior single-center study, which found no association with
the presence of esophageal dysfunction and survival.221

Based on the aforementioned evidence, SSc should not be
considered a contraindication to LT.

Other Connective Tissue Disorders

Compared with SSc, PAH occurs less often in the setting of
other CTDs (principally MCTD, SLE, and CTD overlap syn-
dromes).9–11,224 British investigators described a cohort of
484 patients with CTD-PH and noted the following preva-
lences: SSc, n ¼ 315 (74%); MCTD, n ¼ 36 (8%); SLE, (n ¼ 35,
8%); dermatomyositis/polymyositis (DM/PM), n ¼ 18 (4%);
rheumatoid arthritis (RA), n ¼ 13 (3%); undifferentiated
CTD, n ¼ 9 (2%); and Sjögren’s syndrome, n ¼ 3 (1%).5

Most patients were treated with immunosuppressive ther-
apy (IST). One- and 3-year survival rates for isolated PHwere
as follows: SSc, 78 and 47%; SLE, 78 and 74%; DM/PM, 100 and
100%; MCTD, 89 and 63%; and RA, 83 and 66%, respectively.5

Systemic Lupus Erythematosus
Theprevalence of SLE-PH ranges from0.5 to17.5%.225AFrench
registry found that among 674 cases of PAH, 101 had CTD and
15 had SLE.226,227 In the REVEAL Registry composed of 54 U.S.
centers, 110 (out of 2,967 cases of PAH) had SLE-PAH.145 One-
year survival in this registrywassignificantly improvedamong
SLE-PAH patients (92%) comparedwith patients with SSc-PAH
(82%). A study from the United Kingdom reported a 3-year
survival of 75% for patients with SLE-PAH versus 47% for
patients with SSc-PAH.5 Korean investigators reported
20 SLE patients with PH and 34 patients with IPAH.10 Survival
rates at 3 and 5 years were 44.9 and 16.8%, respectively, for
SLE-PH compared with 73.4 and 68.2%, respectively, for IPAH
(p ¼ 0.02). In a Chinese registry of 1,934 patients with SLE,
3.8% had PAH,228 and the SLE-PAH patients had significantly
higher disease activity compared with SLE patients without
PAH. In this cohort, the independent predictors of PAH were
pericarditis, pleuritis, and anti-RNP antibody presence.228

While PH may develop anytime during the course of SLE,
most often PH manifests within the first 5 years from the
time of initial diagnosis.229 PAH is themost common cause of
PH in SLE, although all PH subgroups can occur in this
condition. The presence of antiphospholipid antibo-
dies,230,231 anti-U1RNP antibody,232 and possibly the lupus
anticoagulant233 may predict the presence of PAH in SLE.

Management strategies for SLE-PH are mostly based on
outcomes from therapeutic trials for IPAH and CTD-PH. How-
ever, vasoactive therapy appears to be beneficial for SLE-PH.
For example, a post hoc analysis of a trial comparing sildenafil
withplacebo forCTD-PHdemonstrated thatpatientswith SLE-
PH treated with sildenafil (n ¼ 6) had improved 6MWD and

improvedNYHA functional class comparedwith those treated
with placebo (n ¼ 4).172 Another study of 12 SLE-PH patients
found that treatment with PH-specific therapy for 3 months
(i.e., epoprostenol [n ¼ 8], bosentan [n ¼ 2], or treprostinil
[n ¼ 2]) led to significant improvements in 6MWD and NYHA
functional class, as well as significant decreases in mPAP and
RVSP.234

In addition to vasodilator therapy, there is also some
evidence that treatment with immunosuppression in con-
junction with vasodilator therapy may improve outcomes in
patients with SLE-PH.235,236 A randomized controlled trial
comparing monthly IV CYC for 6 months and daily oral
enalapril in SLE-PAH patients (n ¼ 34) demonstrated a
favorable CYC-treatment effect on reducing the sPAP and
NYHA functional class.237 In a relatively large study of
CTD-PH patients, treatment with aggressive immunosup-
pression in combination with vasodilator therapy improved
hemodynamics and outcomes in six out of seven SLE pa-
tients.5 While more SLE-PH trials are needed to further
evaluate treatment strategies for this condition, the afore-
mentioned findings suggest that aggressive treatment with
vasodilator therapy and possibly immunosuppression may
improve outcomes for patients with SLE-PH.

Mixed Connective Tissue Disease
PH can complicate MCTD, an anti-U1-RNP autoantibody-asso-
ciateddiseasewith featuresofSSc, SLE, andpolymyositis.While
the exact prevalence of PH in the setting ofMCTD has not been
well established, recent studies suggest that the prevalence
may be lower than previously reported.238 In a Norwegian
multicentercohort studyof147unselectedpatientswithMCTD
followed up for a mean of 5.6 years, 3.4% (5/147) had PH
confirmed by RHC, and among these patients, 2 had isolated
PAHand3had PHassociatedwith ILD.238AUK registry studyof
all incident CTD-PH cases over a 5-year period identified 36
cases forMCTD-PHamong 60million individuals.5Moreover, a
Korean registry study of 174 incident cases of CTD-PH found
that 6% of CTD-PH patients had MCTD.239

The aforementioned findings contrast with previous stu-
dies in MCTD reporting prevalence rates between 19 and
24%.240–242 Discrepancies in prevalence rates may be attri-
butable to differences in MCTD disease criteria utilized,
varying follow-up periods, and how the investigators
screened and diagnosed PH (i.e., echocardiography vs. RHC).

Minimal data exists on treatment outcomes forMCTD-PH.
A small study of eight patients with MCTD found that three
patients demonstrated a functional and/or hemodynamic
improvement with immunosuppressant therapy (IV CYC and
glucocorticoids) without a need for PH-specific therapy.7 In a
series of 10 patients with MCTD-associated PH, 7 were
initially treated with IST alone, with 4 responders (57%).243

Three patients were initially treated with both IST and
pulmonary vasodilators, with two responses (67%).

Although data are limited, early and aggressive therapy
with immunosuppressive agents is recommended for CTD-
PH in diseases other than SSc. PH-specific therapy may
be efficacious for patients failing IST or for patients with
severe disease.
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Summary

Among the CTDs, PH occurs most commonly in the setting of
SSc. However, PH can develop in SLE and MCTD (rarely in
rheumatoid arthritis and Sjögren’s syndrome). Although PH
is a leading cause ofmorbidity andmortality in patients with
CTD, the impact of PH specific and IST on treatment-related
outcomes is unclear. Prospective studies are needed to in-
vestigate the safety and efficacy of therapy for managing this
important clinical dimension of CTD.

References
1 Badesch DB, Tapson VF, McGoon MD, et al. Continuous intrave-

nous epoprostenol for pulmonary hypertension due to the
scleroderma spectrumof disease. A randomized, controlled trial.
Ann Intern Med 2000;132(06):425–434

2 Kuhn KP, Byrne DW, Arbogast PG, Doyle TP, Loyd JE, Robbins IM.
Outcome in 91 consecutive patients with pulmonary arterial
hypertension receiving epoprostenol. Am J Respir Crit Care Med
2003;167(04):580–586

3 Trad S, Amoura Z, Beigelman C, et al. Pulmonary arterial hyper-
tension is a major mortality factor in diffuse systemic sclerosis,
independent of interstitial lung disease. Arthritis Rheum 2006;
54(01):184–191

4 Launay D, Sitbon O, Le Pavec J, et al. Long-term outcome of
systemic sclerosis-associated pulmonary arterial hypertension
treated with bosentan as first-line monotherapy followed or not
by the addition of prostanoids or sildenafil. Rheumatology
(Oxford) 2010;49(03):490–500

5 Condliffe R, Kiely DG, Peacock AJ, et al. Connective tissue disease-
associated pulmonary arterial hypertension in the modern
treatment era. Am J Respir Crit CareMed 2009;179(02):151–157

6 Wigley FM, Lima JA, Mayes M, McLain D, Chapin JL, Ward-Able C.
The prevalence of undiagnosed pulmonary arterial hypertension
in subjects with connective tissue disease at the secondary
health care level of community-based rheumatologists (the
UNCOVER study). Arthritis Rheum 2005;52(07):2125–2132

7 Sanchez O, Sitbon O, Jaïs X, Simonneau G, Humbert M. Immu-
nosuppressive therapy in connective tissue diseases-associated
pulmonary arterial hypertension. Chest 2006;130(01):182–189

8 Tanaka E, Harigai M, Tanaka M, Kawaguchi Y, Hara M, Kamatani
N. Pulmonary hypertension in systemic lupus erythematosus:
evaluation of clinical characteristics and response to immuno-
suppressive treatment. J Rheumatol 2002;29(02):282–287

9 Li EK, Tam LS. Pulmonary hypertension in systemic lupus
erythematosus: clinical association and survival in 18 patients.
J Rheumatol 1999;26(09):1923–1929

10 Chung SM, Lee CK, Lee EY, Yoo B, Lee SD, Moon HB. Clinical
aspects of pulmonary hypertension in patients with systemic
lupus erythematosus and in patients with idiopathic pulmonary
arterial hypertension. Clin Rheumatol 2006;25(06):866–872

11 Simonson JS, Schiller NB, Petri M, Hellmann DB. Pulmonary
hypertension in systemic lupus erythematosus. J Rheumatol
1989;16(07):918–925

12 Hunzelmann N, Genth E, Krieg T, et al; Registry of the German
Network for Systemic Scleroderma. The registry of the German
Network for Systemic Scleroderma: frequency of disease subsets
and patterns of organ involvement. Rheumatology (Oxford)
2008;47(08):1185–1192

13 Lynch JP III, Belperio JA, Saggar R, Fishbein MC, Saggar R.
Pulmonary hypertension complicating connective tissue dis-
ease. Semin Respir Crit Care Med 2013;34(05):581–599

14 Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl J Med
2009;360(19):1989–2003

15 Ferri C, Valentini G, Cozzi F, et al; Systemic Sclerosis Study Group
of the Italian Society of Rheumatology (SIR-GSSSc). Systemic
sclerosis: demographic, clinical, and serologic features and
survival in 1,012 Italian patients. Medicine (Baltimore) 2002;
81(02):139–153

16 Preliminary criteria for the classification of systemic sclerosis
(scleroderma). Subcommittee for scleroderma criteria of the
American Rheumatism Association Diagnostic and Therapeutic
Criteria Committee. Arthritis Rheum 1980;23(05):581–590

17 LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic
sclerosis): classification, subsets and pathogenesis. J Rheumatol
1988;15(02):202–205

18 Denton CP, Hachulla E. Risk factors associated with pulmonary
arterial hypertension in patients with systemic sclerosis and
implications for screening. Eur Respir Rev 2011;20(122):
270–276

19 Mukerjee D, St George D, Coleiro B, et al. Prevalence and outcome
in systemic sclerosis associated pulmonary arterial hyperten-
sion: application of a registry approach. Ann Rheum Dis 2003;
62(11):1088–1093

20 Steen V. Advancements in diagnosis of pulmonary arterial
hypertension in scleroderma. Arthritis Rheum 2005;52(12):
3698–3700

21 Hachulla E, Gressin V, Guillevin L, et al. Early detection of
pulmonary arterial hypertension in systemic sclerosis: a French
nationwide prospective multicenter study. Arthritis Rheum
2005;52(12):3792–3800

22 Hachulla E, de Groote P, Gressin V, et al; Itinér AIR-Sclérodermie
Study Group. The three-year incidence of pulmonary arterial
hypertension associatedwith systemic sclerosis in amulticenter
nationwide longitudinal study in France. Arthritis Rheum 2009;
60(06):1831–1839

23 Launay D, Mouthon L, Hachulla E, et al. Prevalence and char-
acteristics of moderate to severe pulmonary hypertension in
systemic sclerosis with and without interstitial lung disease.
J Rheumatol 2007;34(05):1005–1011

24 Vonk MC, Broers B, Heijdra YF, et al. Systemic sclerosis and its
pulmonary complications in The Netherlands: an epidemiologi-
cal study. Ann Rheum Dis 2009;68(06):961–965

25 Meyer OC, Fertig N, Lucas M, Somogyi N, Medsger TA Jr. Disease
subsets, antinuclear antibody profile, and clinical features in 127
French and 247 US adult patients with systemic sclerosis.
J Rheumatol 2007;34(01):104–109

26 Muangchan C, Baron M, Pope J; Canadian Scleroderma Research
Group. The 15% rule in scleroderma: the frequency of severe
organ complications in systemic sclerosis. A systematic review.
J Rheumatol 2013;40(09):1545–1556

27 Tyndall AJ, Bannert B, Vonk M, et al. Causes and risk factors for
death in systemic sclerosis: a study from the EULAR Scleroderma
Trials and Research (EUSTAR) database. Ann Rheum Dis 2010;69
(10):1809–1815

28 Volkmann ER, Furst DE. Management of systemic sclerosis-
related skin disease: a review of existing and experimental
therapeutic approaches. Rheum Dis Clin North Am 2015;41
(03):399–417

29 Hamaguchi Y. Autoantibody profiles in systemic sclerosis: pre-
dictive value for clinical evaluation and prognosis. J Dermatol
2010;37(01):42–53

30 Sato H, Lagan AL, Alexopoulou C, et al. The TNF-863A allele
strongly associates with anticentromere antibody positivity in
scleroderma. Arthritis Rheum 2004;50(02):558–564

31 Weiner ES, Earnshaw WC, Senécal JL, Bordwell B, Johnson P,
Rothfield NF. Clinical associations of anticentromere antibodies
and antibodies to topoisomerase I. A study of 355 patients.
Arthritis Rheum 1988;31(03):378–385

32 Joyal F, Choquette D, Roussin A, Levington C, Senécal JL. Evalua-
tion of the severity of systemic sclerosis by nailfold capillary
microscopy in 112 patients. Angiology 1992;43(3, Pt 1):203–210

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al. 629

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



33 Maricq HR, Spencer-Green G, LeRoy EC. Skin capillary abnorm-
alities as indicators of organ involvement in scleroderma (sys-
temic sclerosis), Raynaud’s syndrome and dermatomyositis. Am
J Med 1976;61(06):862–870

34 LeRoy EC, Medsger TA Jr. Criteria for the classification of early
systemic sclerosis. J Rheumatol 2001;28(07):1573–1576

35 van den Hoogen F, Khanna D, Fransen J, et al. 2013 classification
criteria for systemic sclerosis: an American College of Rheuma-
tology/European League against Rheumatism collaborative
initiative. Arthritis Rheum 2013;65(11):2737–2747

36 Hachulla E, Launay D. Diagnosis and classification of systemic
sclerosis. Clin Rev Allergy Immunol 2011;40(02):78–83

37 Steen VD, Medsger TA Jr. Severe organ involvement in systemic
sclerosis with diffuse scleroderma. Arthritis Rheum 2000;43
(11):2437–2444

38 Sacks DG, Okano Y, Steen VD, Curtiss E, Shapiro LS,Medsger TA Jr.
Isolated pulmonary hypertension in systemic sclerosis with
diffuse cutaneous involvement: association with serum anti-
U3RNP antibody. J Rheumatol 1996;23(04):639–642

39 Penn H, Howie AJ, Kingdon EJ, et al. Scleroderma renal crisis:
patient characteristics and long-term outcomes. QJM 2007;100
(08):485–494

40 Poormoghim H, Lucas M, Fertig N, Medsger TA Jr. Systemic
sclerosis sine scleroderma: demographic, clinical, and serologic
features and survival in forty-eight patients. Arthritis Rheum
2000;43(02):444–451

41 Yousem SA. The pulmonary pathologic manifestations of the
CREST syndrome. Hum Pathol 1990;21(05):467–474

42 Mayes MD. Scleroderma epidemiology. Rheum Dis Clin North
Am 2003;29(02):239–254

43 Chifflot H, Fautrel B, Sordet C, Chatelus E, Sibilia J. Incidence and
prevalence of systemic sclerosis: a systematic literature review.
Semin Arthritis Rheum 2008;37(04):223–235

44 Steen VD, Medsger TA. Changes in causes of death in systemic
sclerosis, 1972-2002. Ann Rheum Dis 2007;66(07):940–944

45 Le Guern V,Mahr A, Mouthon L, Jeanneret D, CarzonM, Guillevin
L. Prevalence of systemic sclerosis in a French multi-ethnic
county. Rheumatology (Oxford) 2004;43(09):1129–1137

46 Barnes J, Mayes MD. Epidemiology of systemic sclerosis: in-
cidence, prevalence, survival, risk factors, malignancy, and
environmental triggers. Curr Opin Rheumatol 2012;24(02):
165–170

47 SatohM, AkizukiM, KuwanaM, et al. Genetic and immunological
differences between Japanese patients with diffuse scleroderma
and limited scleroderma. J Rheumatol 1994;21(01):111–114

48 Nishioka K, Katayama I, Kondo H, et al; Scleroderma Research
Committee Japan. Epidemiological analysis of prognosis of 496
Japanese patients with progressive systemic sclerosis (SSc).
J Dermatol 1996;23(10):677–682

49 Makino S, Fujiwara M, Handa H, et al. Plasma dehydroepian-
drosterone sulphate and insulin-like growth factor I levels in
obstructive sleep apnoea syndrome. Clin Endocrinol (Oxf) 2012;
76(04):593–601

50 Reveille JD, Fischbach M, McNearney T, et al; GENISOS Study
Group. Systemic sclerosis in 3 US ethnic groups: a comparison
of clinical, sociodemographic, serologic, and immunogenetic
determinants. Semin Arthritis Rheum 2001;30(05):332–346

51 Agarwal SK, Tan FK, Arnett FC. Genetics and genomic studies in
scleroderma (systemic sclerosis). Rheum Dis Clin North Am
2008;34(01):17–40, v

52 Rubio-RivasM, Moreno R, Corbella X. Occupational and environ-
mental scleroderma. Systematic review and meta-analysis. Clin
Rheumatol 2017;36(03):569–582

53 Marie I, Gehanno JF, Bubenheim M, et al. Systemic sclerosis and
exposure to heavy metals: a case control study of 100 patients
and 300 controls. Autoimmun Rev 2017;16(03):223–230

54 Bryan C, Knight C, Black CM, Silman AJ. Prediction of five-year
survival following presentation with scleroderma: development

of a simple model using three disease factors at first visit.
Arthritis Rheum 1999;42(12):2660–2665

55 Elhai M, Wipff J, Bazeli R, et al. Radiological cervical spine
involvement in young adults with polyarticular juvenile idio-
pathic arthritis. Rheumatology (Oxford) 2013;52(02):267–275

56 Scussel-Lonzetti L, Joyal F, Raynauld JP, et al. Predictingmortality
in systemic sclerosis: analysis of a cohort of 309 French Canadian
patients with emphasis on features at diagnosis as predictive
factors for survival. Medicine (Baltimore) 2002;81(02):154–167

57 Steen VD, Costantino JP, Shapiro AP, Medsger TA Jr. Outcome of
renal crisis in systemic sclerosis: relation to availability of
angiotensin converting enzyme (ACE) inhibitors. Ann Intern
Med 1990;113(05):352–357

58 Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB, et al. Mortality
in systemic sclerosis: an international meta-analysis of indivi-
dual patient data. Am J Med 2005;118(01):2–10

59 Jacobsen S, Ullman S, Shen GQ, Wiik A, Halberg P. Influence of
clinical features, serum antinuclear antibodies, and lung func-
tion on survival of patients with systemic sclerosis. J Rheumatol
2001;28(11):2454–2459

60 Bond C, Pile KD, McNeil JD, et al. South Australian Scleroderma
Register: analysis of deceased patients. Pathology 1998;30(04):
386–390

61 Bryan C, Howard Y, Brennan P, Black C, Silman A. Survival
following the onset of scleroderma: results from a retrospective
inception cohort study of the UK patient population. Br J
Rheumatol 1996;35(11):1122–1126

62 Kuwana M, Kaburaki J, Okano Y, Tojo T, Homma M. Clinical and
prognostic associations based on serum antinuclear antibodies
in Japanese patients with systemic sclerosis. Arthritis Rheum
1994;37(01):75–83

63 Simeón CP, Armadans L, Fonollosa V, et al. Mortality and prog-
nostic factors in Spanish patients with systemic sclerosis. Rheu-
matology (Oxford) 2003;42(01):71–75

64 Barnett AJ, Miller MH, Littlejohn GO. A survival study of patients
with scleroderma diagnosed over 30 years (1953-1983): the
value of a simple cutaneous classification in the early stages of
the disease. J Rheumatol 1988;15(02):276–283

65 Lee P, Langevitz P, Alderdice CA, et al. Mortality in systemic
sclerosis (scleroderma). Q J Med 1992;82(298):139–148

66 Kuwana M, Kaburaki J, Arnett FC, Howard RF, Medsger TA Jr,
Wright TM. Influence of ethnic background on clinical and
serologic features in patients with systemic sclerosis and anti-
DNA topoisomerase I antibody. Arthritis Rheum 1999;42(03):
465–474

67 Hesselstrand R, Scheja A, Akesson A. Mortality and causes of
death in a Swedish series of systemic sclerosis patients. Ann
Rheum Dis 1998;57(11):682–686

68 Kranenburg P, van den Hombergh WM, Knaapen-Hans HK, van
den Hoogen FH, Fransen J, Vonk MC. Survival and organ involve-
ment in patients with limited cutaneous systemic sclerosis and
anti-topoisomerase-I antibodies: determined by skin subtype or
auto-antibody subtype? A long-term follow-up study. Rheuma-
tology (Oxford) 2016;55(11):2001–2008

69 Simeón-Aznar CP, Fonollosa-Plá V, Tolosa-Vilella C, et al; Spanish
Scleroderma Study Group (SSSG); Autoimmune Diseases Study
Group (GEAS); Spanish Society of Internal Medicine (SEMI).
Registry of the Spanish Network for Systemic Sclerosis: Survival,
Prognostic Factors, and Causes of Death. Medicine (Baltimore)
2015;94(43):e1728

70 Poormoghim H, Andalib E, Jalali A, Ghaderi A, Ghorbannia A,
Mojtabavi N. Survival and causes of death in systemic sclerosis
patients: a single center registry report from Iran. Rheumatol Int
2016;36(07):925–934

71 Hoffmann-Vold AM, Aaløkken TM, Lund MB, et al. Predictive
value of serial high-resolution computed tomography analyses
and concurrent lung function tests in systemic sclerosis. Arthri-
tis Rheumatol 2015;67(08):2205–2212

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al.630

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



72 Czirják L, Kumánovics G, Varjú C, et al. Survival and causes of
death in 366 Hungarian patients with systemic sclerosis. Ann
Rheum Dis 2008;67(01):59–63

73 Steen VD, Conte C, Owens GR, Medsger TA Jr. Severe restrictive
lung disease in systemic sclerosis. Arthritis Rheum 1994;37(09):
1283–1289

74 Steen VD, Powell DL, Medsger TA Jr. Clinical correlations and
prognosis based on serum autoantibodies in patients with
systemic sclerosis. Arthritis Rheum 1988;31(02):196–203

75 Reveille JD, Solomon DH; American College of Rheumatology Ad
Hoc Committee of Immunologic Testing Guidelines. Evidence-
based guidelines for the use of immunologic tests: anticentro-
mere, Scl-70, and nucleolar antibodies. Arthritis Rheum 2003;49
(03):399–412

76 Hashimoto A, Endo H, Kondo H, Hirohata S. Clinical features of
405 Japanese patients with systemic sclerosis. Mod Rheumatol
2012;22(02):272–279

77 Fanning GC, Welsh KI, Bunn C, Du Bois R, Black CM. HLA associa-
tions in three mutually exclusive autoantibody subgroups in UK
systemic sclerosis patients. Br J Rheumatol 1998;37(02):201–207

78 Dick T, Mierau R, Bartz-Bazzanella P, et al. Coexistence of
antitopoisomerase I and anticentromere antibodies in patients
with systemic sclerosis. Ann Rheum Dis 2002;61(02):121–127

79 Hesselstrand R, Scheja A, Shen GQ, Wiik A, Akesson A. The
association of antinuclear antibodies with organ involvement
and survival in systemic sclerosis. Rheumatology (Oxford) 2003;
42(04):534–540

80 HietarintaM, Lassila O, Hietaharju A. Association of anti-U1RNP-
and anti-Scl-70-antibodies with neurological manifestations in
systemic sclerosis (scleroderma). Scand J Rheumatol 1994;23
(02):64–67

81 Ho KT, Reveille JD. The clinical relevance of autoantibodies in
scleroderma. Arthritis Res Ther 2003;5(02):80–93

82 Okano Y, Steen VD, Medsger TA Jr. Autoantibody reactive with
RNA polymerase III in systemic sclerosis. Ann Intern Med 1993;
119(10):1005–1013

83 Bose N, Chiesa-Vottero A, Chatterjee S. Scleroderma renal crisis.
Semin Arthritis Rheum 2015;44(06):687–694

84 Steen V, Medsger TA Jr. Predictors of isolated pulmonary hyper-
tension in patients with systemic sclerosis and limited cuta-
neous involvement. Arthritis Rheum 2003;48(02):516–522

85 Okano Y, Steen VD, Medsger TA Jr. Autoantibody to U3 nucleolar
ribonucleoprotein (fibrillarin) in patients with systemic sclero-
sis. Arthritis Rheum 1992;35(01):95–100

86 Fritzler MJ, Hart DA, Wilson D, et al. Antibodies to fibrin bound
tissue type plasminogen activator in systemic sclerosis. J Rheu-
matol 1995;22(09):1688–1693

87 Grigolo B, Mazzetti I, Meliconi R, et al. Anti-topoisomerase II
alpha autoantibodies in systemic sclerosis-association with
pulmonary hypertension and HLA-B35. Clin Exp Immunol
2000;121(03):539–543

88 Tamby MC, Chanseaud Y, Humbert M, et al. Anti-endothelial cell
antibodies in idiopathic and systemic sclerosis associated pul-
monary arterial hypertension. Thorax 2005;60(09):765–772

89 Negi VS, Tripathy NK, Misra R, Nityanand S. Antiendothelial cell
antibodies in scleroderma correlate with severe digital ischemia
and pulmonary arterial hypertension. J Rheumatol 1998;25(03):
462–466

90 Mitri GM, Lucas M, Fertig N, Steen VD, Medsger TA Jr.
A comparison between anti-Th/To- and anticentromere anti-
body-positive systemic sclerosis patients with limited cuta-
neous involvement. Arthritis Rheum 2003;48(01):203–209

91 Okawa-Takatsuji M, Aotsuka S, Fujinami M, Uwatoko S, Kinoshita
M, Sumiya M. Up-regulation of intercellular adhesion molecule-1
(ICAM-1), endothelial leucocyte adhesion molecule-1 (ELAM-1)
and class II MHCmolecules on pulmonary artery endothelial cells
by antibodies against U1-ribonucleoprotein. Clin Exp Immunol
1999;116(01):174–180

92 Tamby MC, Humbert M, Guilpain P, et al. Antibodies to fibro-
blasts in idiopathic and scleroderma-associated pulmonary
hypertension. Eur Respir J 2006;28(04):799–807

93 Dorfmüller P, Humbert M, Perros F, et al. Fibrous remodeling of
the pulmonary venous system in pulmonary arterial hyperten-
sion associated with connective tissue diseases. Hum Pathol
2007;38(06):893–902

94 Overbeek MJ, Vonk MC, Boonstra A, et al. Pulmonary arterial
hypertension in limited cutaneous systemic sclerosis: a distinc-
tive vasculopathy. Eur Respir J 2009;34(02):371–379

95 Cerinic MM, Valentini G, Sorano GG, et al. Blood coagulation,
fibrinolysis, and markers of endothelial dysfunction in systemic
sclerosis. Semin Arthritis Rheum 2003;32(05):285–295

96 Le Pavec J, Humbert M, Mouthon L, Hassoun PM. Systemic
sclerosis-associated pulmonary arterial hypertension. Am J Re-
spir Crit Care Med 2010;181(12):1285–1293

97 Choi JJ, Min DJ, Cho ML, et al. Elevated vascular endothelial
growth factor in systemic sclerosis. J Rheumatol 2003;30(07):
1529–1533

98 McMahan Z, Schoenhoff F, Van Eyk JE, Wigley FM, Hummers LK.
Biomarkers of pulmonary hypertension in patients with scler-
oderma: a case-control study. Arthritis Res Ther 2015;17:201

99 Reiseter S, Molberg Ø, Gunnarsson R, et al. Associations between
circulating endostatin levels and vascular organ damage in
systemic sclerosis and mixed connective tissue disease: an
observational study. Arthritis Res Ther 2015;17:231

100 Distler O, Del Rosso A, Giacomelli R, et al. Angiogenic and
angiostatic factors in systemic sclerosis: increased levels of
vascular endothelial growth factor are a feature of the earliest
disease stages and are associated with the absence of fingertip
ulcers. Arthritis Res 2002;4(06):R11

101 SaggarR, SaggarR,Aboulhosn J, Belperio JA,ZismanDA, Lynch JP III.
Diagnosis and hemodynamic assessment of pulmonary arterial
hypertension. Semin Respir Crit Care Med 2009;30(04):399–410

102 Galiè N, Hoeper MM, Humbert M, et al; ESC Committee for
Practice Guidelines (CPG). Guidelines for the diagnosis and
treatment of pulmonary hypertension: the Task Force for the
Diagnosis and Treatment of Pulmonary Hypertension of the
European Society of Cardiology (ESC) and the European Respira-
tory Society (ERS), endorsed by the International Society of
Heart and Lung Transplantation (ISHLT). Eur Heart J 2009;30
(20):2493–2537

103 D’Alonzo GE, Barst RJ, Ayres SM, et al. Survival in patients with
primary pulmonary hypertension. Results from a national pro-
spective registry. Ann Intern Med 1991;115(05):343–349

104 Humbert M, Sitbon O, Simonneau G. Treatment of pulmonary
arterial hypertension. N Engl J Med 2004;351(14):1425–1436

105 Fisher MR, Mathai SC, Champion HC, et al. Clinical differences
between idiopathic and scleroderma-related pulmonary hyper-
tension. Arthritis Rheum 2006;54(09):3043–3050

106 Galiè N, Torbicki A, Barst R, et al; The Task Force on Diagnosis and
Treatment of Pulmonary Arterial Hypertension of the European
Society of Cardiology. Eur Heart J 2004;25(24):2243–2278

107 Mukerjee D, St George D, Knight C, et al. Echocardiography and
pulmonary function as screening tests for pulmonary arterial
hypertension in systemic sclerosis. Rheumatology (Oxford)
2004;43(04):461–466

108 Arcasoy SM, Christie JD, Ferrari VA, et al. Echocardiographic
assessment of pulmonary hypertension in patients with ad-
vanced lung disease. Am J Respir Crit Care Med 2003;167(05):
735–740

109 Tei C, Dujardin KS, Hodge DO, et al. Doppler echocardiographic
index for assessment of global right ventricular function. J Am
Soc Echocardiogr 1996;9(06):838–847

110 Miller D, Farah MG, Liner A, Fox K, Schluchter M, Hoit BD. The
relation between quantitative right ventricular ejection fraction
and indices of tricuspid annular motion and myocardial perfor-
mance. J Am Soc Echocardiogr 2004;17(05):443–447

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al. 631

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



111 Forfia PR, Fisher MR, Mathai SC, et al. Tricuspid annular dis-
placement predicts survival in pulmonary hypertension. Am J
Respir Crit Care Med 2006;174(09):1034–1041

112 Grünig E, Janssen B,Mereles D, et al. Abnormal pulmonary artery
pressure response in asymptomatic carriers of primary pulmon-
ary hypertension gene. Circulation 2000;102(10):1145–1150

113 AlkotobML, Soltani P, SheattMA, et al. Reduced exercise capacity
and stress-induced pulmonary hypertension in patients with
scleroderma. Chest 2006;130(01):176–181

114 Condliffe R, Radon M, Hurdman J, et al. CT pulmonary angio-
graphy combined with echocardiography in suspected systemic
sclerosis-associated pulmonary arterial hypertension. Rheuma-
tology (Oxford) 2011;50(08):1480–1486

115 Khanna D, Gladue H, Channick R, et al; Scleroderma Foundation
and Pulmonary Hypertension Association. Recommendations
for screening and detection of connective tissue disease-asso-
ciated pulmonary arterial hypertension. Arthritis Rheum 2013;
65(12):3194–3201

116 Schreiber BE, Valerio CJ, Keir GJ, et al. Improving the detection of
pulmonary hypertension in systemic sclerosis using pulmonary
function tests. Arthritis Rheum 2011;63(11):3531–3539

117 Meune C, Avouac J, Airò P, et al. Prediction of pulmonary
hypertension related to systemic sclerosis by an index based
on simple clinical observations. Arthritis Rheum 2011;63(09):
2790–2796

118 Williams MH, Handler CE, Akram R, et al. Role of N-terminal
brain natriuretic peptide (N-TproBNP) in scleroderma-asso-
ciated pulmonary arterial hypertension. Eur Heart J 2006;27
(12):1485–1494

119 Mathai SC, Bueso M, Hummers LK, et al. Disproportionate
elevation of N-terminal pro-brain natriuretic peptide in scler-
oderma-related pulmonary hypertension. Eur Respir J 2010;35
(01):95–104

120 Coghlan JG, Denton CP, Grünig E, et al; DETECT study group.
Evidence-based detection of pulmonary arterial hypertension in
systemic sclerosis: the DETECT study. Ann Rheum Dis 2014;73
(07):1340–1349

121 Soukup T, Pudil R, Kubinova K, et al. Application of the DETECT
algorithm for detection of risk of pulmonary arterial hyperten-
sion in systemic sclerosis: data from a Czech tertiary centre.
Rheumatology (Oxford) 2016;55(01):109–114

122 MacGregor AJ, Canavan R, Knight C, et al. Pulmonary hyperten-
sion in systemic sclerosis: risk factors for progression and
consequences for survival. Rheumatology (Oxford) 2001;40
(04):453–459

123 Murata I, Kihara H, Shinohara S, Ito K. Echocardiographic evalua-
tion of pulmonary arterial hypertension in patients with pro-
gressive systemic sclerosis and related syndromes. Jpn Circ J
1992;56(10):983–991

124 Battle RW, Davitt MA, Cooper SM, et al. Prevalence of pulmonary
hypertension in limited and diffuse scleroderma. Chest 1996;
110(06):1515–1519

125 Yamane K, Ihn H, Asano Y, et al. Clinical and laboratory features
of scleroderma patients with pulmonary hypertension. Rheu-
matology (Oxford) 2000;39(11):1269–1271

126 Chang B, Schachna L, White B, Wigley FM, Wise RA. Natural
history of mild-moderate pulmonary hypertension and the risk
factors for severe pulmonary hypertension in scleroderma.
J Rheumatol 2006;33(02):269–274

127 Hachulla E, Coghlan JG. A new era in the management of
pulmonary arterial hypertension related to scleroderma: en-
dothelin receptor antagonism. Ann Rheum Dis 2004;63(09):
1009–1014

128 Plastiras SC, Karadimitrakis SP, Kampolis C, Moutsopoulos HM,
Tzelepis GE. Determinants of pulmonary arterial hypertension in
scleroderma. Semin Arthritis Rheum 2007;36(06):392–396

129 Cox SR, Walker JG, Coleman M, et al. Isolated pulmonary hyper-
tension in scleroderma. Intern Med J 2005;35(01):28–33

130 Schachna L, Wigley FM, Chang B, White B, Wise RA, Gelber AC.
Age and risk of pulmonary arterial hypertension in scleroderma.
Chest 2003;124(06):2098–2104

131 Steen V. Predictors of end stage lung disease in systemic sclero-
sis. Ann Rheum Dis 2003;62(02):97–99

132 Ong YY, Nikoloutsopoulos T, Bond CP, Smith MD, Ahern MJ,
Roberts-Thomson PJ. Decreased nailfold capillary density in
limited scleroderma with pulmonary hypertension. Asian Pac J
Allergy Immunol 1998;16(2-3):81–86

133 Steen VD, Graham G, Conte C, Owens G, Medsger TA Jr. Isolated
diffusing capacity reduction in systemic sclerosis. Arthritis
Rheum 1992;35(07):765–770

134 Steen V, ChouM, Shanmugam V, Mathias M, Kuru T, Morrissey R.
Exercise-induced pulmonary arterial hypertension in patients
with systemic sclerosis. Chest 2008;134(01):146–151

135 Allanore Y, Borderie D, Avouac J, et al. High N-terminal pro-brain
natriuretic peptide levels and low diffusing capacity for carbon
monoxide as independent predictors of the occurrence of pre-
capillary pulmonary arterial hypertension in patients with
systemic sclerosis. Arthritis Rheum 2008;58(01):284–291

136 Visovatti SH, Distler O, Coghlan JG, et al. Borderline pulmonary
arterial pressure in systemic sclerosis patients: a post-hoc
analysis of the DETECTstudy. Arthritis Res Ther 2014;16(06):493

137 Hinchcliff M, Fischer A, Schiopu E, Steen VD; PHAROS Investi-
gators. Pulmonary Hypertension Assessment and Recognition of
Outcomes in Scleroderma (PHAROS): baseline characteristics
and description of study population. J Rheumatol 2011;38(10):
2172–2179

138 Hsu VM, Chung L, Hummers LK, et al. Development of pulmonary
hypertension in a high-risk populationwith systemic sclerosis in
the Pulmonary Hypertension Assessment and Recognition of
Outcomes in Scleroderma (PHAROS) cohort study. Semin Arthri-
tis Rheum 2014;44(01):55–62

139 Hachulla E, Carpentier P, Gressin V, et al; ItinérAIR-Sclérodermie
Study Investigators. Risk factors for death and the 3-year survival
of patients with systemic sclerosis: the French ItinérAIR-Sclér-
odermie study. Rheumatology (Oxford) 2009;48(03):304–308

140 Kawut SM, Taichman DB, Archer-Chicko CL, Palevsky HI, Kimmel
SE. Hemodynamics and survival in patients with pulmonary
arterial hypertension related to systemic sclerosis. Chest 2003;
123(02):344–350

141 Mathai SC, Hummers LK, Champion HC, et al. Survival in pul-
monary hypertension associated with the scleroderma spec-
trum of diseases: impact of interstitial lung disease. Arthritis
Rheum 2009;60(02):569–577

142 Volkmann ER, Saggar R, Khanna D, et al. Improved transplant-
free survival in patients with systemic sclerosis-associated
pulmonary hypertension and interstitial lung disease. Arthritis
Rheumatol 2014;66(07):1900–1908

143 Hassoun PM. Therapies for scleroderma-related pulmonary ar-
terial hypertension. Expert Rev Respir Med 2009;3(02):187–196

144 Preston IR, Roberts KE, Miller DP, et al. Effect of warfarin
treatment on survival of patients with pulmonary arterial
hypertension (PAH) in the Registry to Evaluate Early and Long-
Term PAH Disease Management (REVEAL). Circulation 2015;132
(25):2403–2411

145 Chung L, Liu J, Parsons L, et al. Characterization of connective
tissue disease-associated pulmonary arterial hypertension from
REVEAL: identifying systemic sclerosis as a unique phenotype.
Chest 2010;138(06):1383–1394

146 Chung L, Farber HW, Benza R, et al. Unique predictors of
mortality in patients with pulmonary arterial hypertension
associated with systemic sclerosis in the REVEAL registry. Chest
2014;146(06):1494–1504

147 Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE, McGoon MD.
An evaluation of long-term survival from time of diagnosis in
pulmonary arterial hypertension from the REVEAL Registry.
Chest 2012;142(02):448–456

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al.632

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



148 Clements PJ, Tan M, McLaughlin VV, et al; Pulmonary Arterial
Hypertension Quality Enhancement Research Initiative (PAH-
QuERI) Investigators. The pulmonary arterial hypertension qual-
ity enhancement research initiative: comparison of patients
with idiopathic PAH to patients with systemic sclerosis-asso-
ciated PAH. Ann Rheum Dis 2012;71(02):249–252

149 Meier FM, Frommer KW, Dinser R, et al; EUSTAR Co-authors.
Update on the profile of the EUSTAR cohort: an analysis of the
EULAR Scleroderma Trials and Research group database. Ann
Rheum Dis 2012;71(08):1355–1360

150 Hachulla E, Clerson P, Airò P, et al; EUSTAR co-workers. Value of
systolic pulmonary arterial pressure as a prognostic factor of
death in the systemic sclerosis EUSTAR population. Rheumatol-
ogy (Oxford) 2015;54(07):1262–1269

151 Thompson AE, Pope JE. A study of the frequency of pericardial
and pleural effusions in scleroderma. Br J Rheumatol 1998;37
(12):1320–1323

152 Hinderliter AL, Willis PW IV, Long W, et al. Frequency and
prognostic significance of pericardial effusion in primary pul-
monary hypertension. PPH Study Group. Primary pulmonary
hypertension. Am J Cardiol 1999;84(04):481–484, A10

153 Forfia PR, Mathai SC, Fisher MR, et al. Hyponatremia predicts
right heart failure and poor survival in pulmonary arterial
hypertension. Am J Respir Crit Care Med 2008;177(12):
1364–1369

154 Williams MH, Das C, Handler CE, et al. Systemic sclerosis
associated pulmonary hypertension: improved survival in the
current era. Heart 2006;92(07):926–932

155 Campo A,Mathai SC, Le Pavec J, et al. Hemodynamic predictors of
survival in scleroderma-related pulmonary arterial hyperten-
sion. Am J Respir Crit Care Med 2010;182(02):252–260

156 Ramjug S, Hussain N, Hurdman J, et al. Idiopathic and systemic
sclerosis associated pulmonary arterial hypertension: a com-
parison of demographic, haemodynamic and magnetic reso-
nance imaging characteristics and outcomes. Chest 2017;152:
92–102

157 Fernandes F, Ramires FJ, Arteaga E, Ianni BM, Bonfá ES, Mady C.
Cardiac remodeling in patients with systemic sclerosis with no
signs or symptoms of heart failure: an endomyocardial biopsy
study. J Card Fail 2003;9(04):311–317

158 Overbeek MJ, Lankhaar JW, Westerhof N, et al. Right ventricular
contractility in systemic sclerosis-associated and idiopathic
pulmonary arterial hypertension. Eur Respir J 2008;31(06):
1160–1166

159 Launay D, Humbert M, Berezne A, et al. Clinical characteristics
and survival in systemic sclerosis-related pulmonary hyperten-
sion associated with interstitial lung disease. Chest 2011;140
(04):1016–1024

160 Olschewski H, Ghofrani HA, Walmrath D, et al. Inhaled prosta-
cyclin and iloprost in severe pulmonary hypertension secondary
to lung fibrosis. Am J Respir Crit Care Med 1999;160(02):
600–607

161 Le Pavec J, Girgis RE, Lechtzin N, et al. Systemic sclerosis-related
pulmonary hypertension associated with interstitial lung dis-
ease: impact of pulmonary arterial hypertension therapies.
Arthritis Rheum 2011;63(08):2456–2464

162 Galiè N, Corris PA, Frost A, et al. Updated treatment algorithm of
pulmonary arterial hypertension. J Am Coll Cardiol 2013;62(25,
Suppl):D60–D72

163 Galiè N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guide-
lines for the diagnosis and treatment of pulmonary hyperten-
sion: The Joint Task Force for the Diagnosis and Treatment of
Pulmonary Hypertension of the European Society of Cardiol-
ogy (ESC) and the European Respiratory Society (ERS):
Endorsed by: Association for European Paediatric and Con-
genital Cardiology (AEPC), International Society for Heart and
Lung Transplantation (ISHLT). Eur Heart J 2016;37(01):
67–119

164 TaichmanDB, Ornelas J, Chung L, et al. Pharmacologic therapy for
pulmonary arterial hypertension in adults: CHEST guideline and
expert panel report. Chest 2014;146(02):449–475

165 Galiè N, Manes A, Negro L, Palazzini M, Bacchi-Reggiani ML,
Branzi A. A meta-analysis of randomized controlled trials in
pulmonary arterial hypertension. Eur Heart J 2009;30(04):
394–403

166 Hachulla E, Launay D, Yaici A, et al; French PAH-SSc Network.
Pulmonary arterial hypertension associated with systemic
sclerosis in patients with functional class II dyspnoea: mild
symptoms but severe outcome. Rheumatology (Oxford) 2010;
49(05):940–944

167 Fischer A, Bull TM, Steen VD. Practical approach to screening for
scleroderma-associated pulmonary arterial hypertension. Ar-
thritis Care Res (Hoboken) 2012;64(03):303–310

168 Avouac J, Wipff J, Kahan A, Allanore Y. Effects of oral treatments
on exercise capacity in systemic sclerosis related pulmonary
arterial hypertension: a meta-analysis of randomised controlled
trials. Ann Rheum Dis 2008;67(06):808–814

169 Humbert M, Simonneau G. Drug Insight: endothelin-receptor
antagonists for pulmonary arterial hypertension in systemic
rheumatic diseases. Nat Clin Pract Rheumatol 2005;1(02):
93–101

170 Joglekar A, Tsai FS, McCloskey DA, Wilson JE, Seibold JR, Riley DJ.
Bosentan in pulmonary arterial hypertension secondary to
scleroderma. J Rheumatol 2006;33(01):61–68

171 Girgis RE,Mathai SC, Krishnan JA,Wigley FM, Hassoun PM. Long-
term outcome of bosentan treatment in idiopathic pulmonary
arterial hypertension and pulmonary arterial hypertension as-
sociatedwith the scleroderma spectrumofdiseases. J Heart Lung
Transplant 2005;24(10):1626–1631

172 Badesch DB, Hill NS, Burgess G, et al; SUPER Study Group.
Sildenafil for pulmonary arterial hypertension associated with
connective tissue disease. J Rheumatol 2007;34(12):2417–2422

173 Oudiz RJ, Schilz RJ, Barst RJ, et al; Treprostinil Study Group.
Treprostinil, a prostacyclin analogue, in pulmonary arterial
hypertension associated with connective tissue disease. Chest
2004;126(02):420–427

174 Barst RJ, Rubin LJ, LongWA, et al; Primary Pulmonary Hyperten-
sion Study Group. A comparison of continuous intravenous
epoprostenol (prostacyclin) with conventional therapy for pri-
mary pulmonary hypertension. N Engl J Med 1996;334(05):
296–301

175 Simonneau G, Barst RJ, Galie N, et al; Treprostinil Study Group.
Continuous subcutaneous infusion of treprostinil, a prostacyclin
analogue, in patients with pulmonary arterial hypertension: a
double-blind, randomized, placebo-controlled trial. Am J Respir
Crit Care Med 2002;165(06):800–804

176 McLaughlin VV, Gaine SP, Barst RJ, et al; Treprostinil Study
Group. Efficacy and safety of treprostinil: an epoprostenol
analog for primary pulmonary hypertension. J Cardiovasc Phar-
macol 2003;41(02):293–299

177 Strauss WL, Edelman JD. Prostanoid therapy for pulmonary
arterial hypertension. Clin Chest Med 2007;28(01):127–142, ix

178 Kallen AJ, Lederman E, Balaji A, et al. Bloodstream infections in
patients given treatment with intravenous prostanoids. Infect
Control Hosp Epidemiol 2008;29(04):342–349

179 McGuire F, Kennelly T, Tillack T, Robbins M. Pulmonary capillary
hemangiomatosis associated with CREST syndrome: a case re-
port and review of the literature. Respiration 2010;80(05):
435–438

180 Gugnani MK, Pierson C, Vanderheide R, Girgis RE. Pulmonary
edema complicating prostacyclin therapy inpulmonary hyperten-
sion associated with scleroderma: a case of pulmonary capillary
hemangiomatosis. Arthritis Rheum 2000;43(03):699–703

181 HoeperMM, Galiè N, Simonneau G, Rubin LJ. New treatments for
pulmonary arterial hypertension. Am J Respir Crit Care Med
2002;165(09):1209–1216

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al. 633

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



182 Launay D, Hachulla E, Hatron PY, et al. Aerosolized iloprost in
CREST syndrome related pulmonary hypertension. J Rheumatol
2001;28(10):2252–2256

183 Tapson VFJZ, Jing ZC, Xu KF, et al; FREEDOM-C2 Study Team. Oral
treprostinil for the treatment of pulmonary arterial hyperten-
sion in patients receiving background endothelin receptor an-
tagonist and phosphodiesterase type 5 inhibitor therapy
(the FREEDOM-C2 study): a randomized controlled trial. Chest
2013;144(03):952–958

184 Tapson VFTF, Torres F, Kermeen F, et al. Oral treprostinil for the
treatment of pulmonary arterial hypertension in patients on
background endothelin receptor antagonist and/or phospho-
diesterase type 5 inhibitor therapy (the FREEDOM-C study): a
randomized controlled trial. Chest 2012;142(06):1383–1390

185 Channick RN, Simonneau G, Sitbon O, et al. Effects of the dual
endothelin-receptor antagonist bosentan in patients with pul-
monary hypertension: a randomised placebo-controlled study.
Lancet 2001;358(9288):1119–1123

186 Rubin LJ, Badesch DB, Barst RJ, et al. Bosentan therapy for
pulmonary arterial hypertension. N Engl J Med 2002;346(12):
896–903

187 Denton CP, Humbert M, Rubin L, Black CM. Bosentan treatment
for pulmonary arterial hypertension related to connective
tissue disease: a subgroup analysis of the pivotal clinical trials
and their open-label extensions. Ann Rheum Dis 2006;65(10):
1336–1340

188 Galiè N, Olschewski H, Oudiz RJ, et al; Ambrisentan in Pulmonary
Arterial Hypertension, Randomized, Double-Blind, Placebo-Con-
trolled, Multicenter, Efficacy Studies (ARIES) Group. Ambrisen-
tan for the treatment of pulmonary arterial hypertension:
results of the ambrisentan in pulmonary arterial hypertension,
randomized, double-blind, placebo-controlled, multicenter,
efficacy (ARIES) study 1 and 2. Circulation 2008;117(23):
3010–3019

189 Pulido T, Adzerikho I, Channick RN, et al; SERAPHIN Investiga-
tors. Macitentan and morbidity and mortality in pulmonary
arterial hypertension. N Engl J Med 2013;369(09):809–818

190 Rosato E, Molinaro I, Borghese F, Rossi C, Pisarri S, Salsano F.
Bosentan improves skin perfusion of hands in patients with
systemic sclerosis with pulmonary arterial hypertension.
J Rheumatol 2010;37(12):2531–2539

191 Korn JH, Mayes M, Matucci Cerinic M, et al. Digital ulcers in
systemic sclerosis: prevention by treatment with bosentan, an
oral endothelin receptor antagonist. Arthritis Rheum 2004;50
(12):3985–3993

192 Jain M, Varga J. Bosentan for the treatment of systemic sclerosis-
associated pulmonary arterial hypertension, pulmonary fibrosis
and digital ulcers. Expert Opin Pharmacother 2006;7(11):
1487–1501

193 Matucci-Cerinic M, Denton CP, Furst DE, et al. Bosentan treat-
ment of digital ulcers related to systemic sclerosis: results from
the RAPIDS-2 randomised, double-blind, placebo-controlled
trial. Ann Rheum Dis 2011;70(01):32–38

194 Galiè N, Ghofrani HA, Torbicki A, et al; Sildenafil Use in Pulmon-
ary Arterial Hypertension (SUPER) Study Group. Sildenafil
citrate therapy for pulmonary arterial hypertension. N Engl J
Med 2005;353(20):2148–2157

195 Galiè N, Brundage BH, Ghofrani HA, et al; Pulmonary Arterial
Hypertension and Response to Tadalafil (PHIRST) Study Group.
Tadalafil therapy for pulmonary arterial hypertension. Circula-
tion 2009;119(22):2894–2903

196 Galiè N, Barberà JA, Frost AE, et al; AMBITION Investigators.
Initial use of ambrisentan plus tadalafil in pulmonary arterial
hypertension. N Engl J Med 2015;373(09):834–844

197 Simonneau G, Rubin LJ, Galiè N, et al; PACES Study Group.
Addition of sildenafil to long-term intravenous epoprostenol
therapy in patients with pulmonary arterial hypertension: a
randomized trial. Ann Intern Med 2008;149(08):521–530

198 Keogh A, Strange G, Kotlyar E, et al. Survival after the initiation of
combination therapy in patients with pulmonary arterial
hypertension: an Australian collaborative report. Intern Med J
2011;41(03):235–244

199 Koh ET, Lee P, GladmanDD, Abu-ShakraM. Pulmonary hyperten-
sion in systemic sclerosis: an analysis of 17 patients. Br J
Rheumatol 1996;35(10):989–993

200 Lammi MR, Mathai SC, Saketkoo LA, et al; Pulmonary Hyperten-
sion Assessment and Recognition of Outcomes in Scleroderma
Investigators. Association between initial oral therapy and out-
comes in systemic sclerosis-related pulmonary arterial hyper-
tension. Arthritis Rheumatol 2016;68(03):740–748

201 Hassoun PM, Zamanian RT, Damico R, et al. Ambrisentan and
tadalafil up-front combination therapy in scleroderma-asso-
ciated pulmonary arterial hypertension. Am J Respir Crit Care
Med 2015;192(09):1102–1110

202 Barst RJ, Gibbs JS, Ghofrani HA, et al. Updated evidence-based
treatment algorithm in pulmonary arterial hypertension. J Am
Coll Cardiol 2009;54(1, Suppl):S78–S84

203 Fuster V, Steele PM, Edwards WD, Gersh BJ, McGoon MD, Frye
RL. Primary pulmonary hypertension: natural history and
the importance of thrombosis. Circulation 1984;70(04):
580–587

204 Frank H, Mlczoch J, Huber K, Schuster E, Gurtner HP, Kneussl M.
The effect of anticoagulant therapy in primary and anorectic
drug-induced pulmonary hypertension. Chest 1997;112(03):
714–721

205 Johnson SR, Mehta S, Granton JT. Anticoagulation in pulmonary
arterial hypertension: a qualitative systematic review. Eur Respir
J 2006;28(05):999–1004

206 Olsson KM, Delcroix M, Ghofrani HA, et al. Anticoagulation and
survival in pulmonary arterial hypertension: results from the
Comparative, Prospective Registry of Newly Initiated Therapies
for Pulmonary Hypertension (COMPERA). Circulation 2014;129
(01):57–65

207 Ghofrani HA, Galiè N, Grimminger F, et al; PATENT-1 Study
Group. Riociguat for the treatment of pulmonary arterial hyper-
tension. N Engl J Med 2013;369(04):330–340

208 Humbert M, Coghlan JG, Ghofrani HA, et al. Riociguat for the
treatment of pulmonary arterial hypertension associated with
connective tissue disease: results from PATENT-1 and PATENT-2.
Ann Rheum Dis 2017;76(02):422–426

209 Sitbon O, Channick R, Chin KM, et al; GRIPHON Investigators.
Selexipag for the treatment of pulmonary arterial hypertension.
N Engl J Med 2015;373(26):2522–2533

210 Duggan ST, Keam SJ, Burness CB. Selexipag: a review in pulmon-
ary arterial hypertension. Am J Cardiovasc Drugs 2017;17(01):
73–80

211 Souza R, Sitbon O, Parent F, Simonneau G, HumbertM. Long term
imatinib treatment in pulmonary arterial hypertension. Thorax
2006;61(08):736

212 Ghofrani HA, Seeger W, Grimminger F. Imatinib for the treat-
ment of pulmonary arterial hypertension. N Engl JMed 2005;353
(13):1412–1413

213 Hoeper MM, Barst RJ, Bourge RC, et al. Imatinib mesylate as add-
on therapy for pulmonary arterial hypertension: results of the
randomized IMPRES study. Circulation 2013;127(10):
1128–1138

214 Wang YY, Yang YX, Zhe H, He ZX, Zhou SF. Bardoxolone methyl
(CDDO-Me) as a therapeutic agent: an update on its pharmaco-
kinetic and pharmacodynamic properties. Drug Des Devel Ther
2014;8:2075–2088

215 Barst RJ, McGoonM, McLaughlin V, et al; Beraprost Study Group.
Beraprost therapy for pulmonary arterial hypertension. J AmColl
Cardiol 2003;41(12):2119–2125

216 Saggar R, Khanna D, Furst DE, et al. Systemic sclerosis and
bilateral lung transplantation: a single centre experience. Eur
Respir J 2010;36(04):893–900

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al.634

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



217 Schachna L, Medsger TA Jr, Dauber JH, et al. Lung transplantation
in scleroderma compared with idiopathic pulmonary fibrosis
and idiopathic pulmonary arterial hypertension. Arthritis
Rheum 2006;54(12):3954–3961

218 Christie JD, Edwards LB, Kucheryavaya AY, et al. The Registry of
the International Society for Heart and Lung Transplantation:
twenty-eighth adult lung and heart-lung transplant report–
2011. J Heart Lung Transplant 2011;30(10):1104–1122

219 Shitrit D, Amital A, Peled N, et al. Lung transplantation in patients
with scleroderma: case series, reviewof the literature, and criteria
for transplantation. Clin Transplant 2009;23(02):178–183

220 Arnett FC, Howard RF, Tan F, et al. Increased prevalence of
systemic sclerosis in a Native American tribe in Oklahoma.
Associationwith anAmerindianHLAhaplotype. Arthritis Rheum
1996;39(08):1362–1370

221 Austin ED, Loyd JE, Phillips JA III. Genetics of pulmonary arterial
hypertension. Semin Respir Crit CareMed 2009;30(04):386–398

222 Newman JH, Wheeler L, Lane KB, et al. Mutation in the gene for
bone morphogenetic protein receptor II as a cause of primary
pulmonary hypertension in a large kindred. N Engl J Med 2001;
345(05):319–324

223 Morse J, Barst R, Horn E, Cuervo N, Deng Z, Knowles J. Pulmonary
hypertension in scleroderma spectrum of disease: lack of bone
morphogenetic protein receptor 2mutations. J Rheumatol 2002;
29(11):2379–2381

224 Tanoue LT. Pulmonary hypertension in the collagen vascular
diseases. Semin Respir Crit Care Med 2003;24(03):287–296

225 Ruiz-Irastorza G, Garmendia M, Villar I, Egurbide MV, Aguirre C.
Pulmonary hypertension in systemic lupus erythematosus: pre-
valence, predictors and diagnostic strategy. Autoimmun Rev
2013;12(03):410–415

226 Humbert M, Sitbon O, Chaouat A, et al. Pulmonary arterial
hypertension in France: results from a national registry. Am J
Respir Crit Care Med 2006;173(09):1023–1030

227 Bresser P, Pepke-Zaba J, Jaïs X, Humbert M, Hoeper MM. Medical
therapies for chronic thromboembolic pulmonary hypertension:
an evolving treatment paradigm. Proc Am Thorac Soc 2006;3
(07):594–600

228 LiM,WangQ,Zhao J, et al; CSTARco-authors. ChineseSLETreatment
and Research group (CSTAR) registry: II. Prevalence and risk factors
of pulmonary arterial hypertension in Chinese patients with sys-
temic lupus erythematosus. Lupus 2014;23(10):1085–1091

229 Goupille P, Fauchier L, Babuty D, Fauchier JP, Valat JP. Precapillary
pulmonary hypertension dramatically improvedwith high doses
of corticosteroids during systemic lupus erythematosus. J Rheu-
matol 1994;21(10):1976–1977

230 Cefle A, InancM, SayarliogluM, et al. Pulmonary hypertension in
systemic lupus erythematosus: relationship with antiphospho-
lipid antibodies and severe disease outcome. Rheumatol Int
2011;31(02):183–189

231 Foïs E, Le Guern V, Dupuy A, Humbert M, Mouthon L, Guillevin L.
Noninvasive assessment of systolic pulmonary artery pressure in
systemic lupus erythematosus: retrospective analysis of 93
patients. Clin Exp Rheumatol 2010;28(06):836–841

232 Lian F, Chen D, Wang Y, et al. Clinical features and independent
predictors of pulmonary arterial hypertension in systemic lupus
erythematosus. Rheumatol Int 2012;32(06):1727–1731

233 Prabu A, Patel K, Yee CS, et al. Prevalence and risk factors for
pulmonary arterial hypertension in patients with lupus. Rheu-
matology (Oxford) 2009;48(12):1506–1511

234 Heresi GA, Minai OA. Lupus-associated pulmonary hyperten-
sion: long-term response to vasoactive therapy. Respir Med
2007;101(10):2099–2107

235 Kommireddy S, Bhyravavajhala S, Kurimeti K, et al. Pulmonary
arterial hypertension in systemic lupus erythematosus may
benefit by addition of immunosuppression to vasodilator ther-
apy: an observational study. Rheumatology (Oxford) 2015;
54(09):1673–1679

236 Huang C, Zhang S, Tian Z, Li M, Zeng X. Could pulmonary arterial
hypertension be an active index of systemic lupus erythemato-
sus? A successful case of SLE-PAH cured by methylprednisolone
pulse therapy. Lupus 2014;23(14):1533–1536

237 Gonzalez-Lopez L, Cardona-Muñoz EG, Celis A, et al. Therapy
with intermittent pulse cyclophosphamide for pulmonary
hypertension associated with systemic lupus erythematosus.
Lupus 2004;13(02):105–112

238 Gunnarsson R, Andreassen AK, Molberg Ø, et al. Prevalence of
pulmonary hypertension in an unselected, mixed connective
tissue disease cohort: results of a nationwide, Norwegian cross-
sectional multicentre study and review of current literature.
Rheumatology (Oxford) 2013;52(07):1208–1213

239 Kang KY, Jeon CH, Choi SJ, et al. Survival and prognostic factors in
patients with connective tissue disease-associated pulmonary
hypertension by echocardiography: results from a Korean nation-
wide registry. Int J RheumDis 2015.Doi: 10.111/1756-185x.12645

240 SullivanWD,Hurst DJ, HarmonCE, et al. A prospective evaluation
emphasizing pulmonary involvement in patients with mixed
connective tissue disease. Medicine (Baltimore) 1984;63(02):
92–107

241 Burdt MA, Hoffman RW, Deutscher SL, Wang GS, Johnson JC,
Sharp GC. Long-term outcome in mixed connective tissue dis-
ease: longitudinal clinical and serologic findings. Arthritis
Rheum 1999;42(05):899–909

242 Alpert MA, Goldberg SH, Singsen BH, et al. Cardiovascular
manifestations of mixed connective tissue disease in adults.
Circulation 1983;68(06):1182–1193

243 Jais X, Launay D, Yaici A, et al. Immunosuppressive therapy in
lupus- and mixed connective tissue disease-associated pulmon-
ary arterial hypertension: a retrospective analysis of twenty-
three cases. Arthritis Rheum 2008;58(02):521–531

Seminars in Respiratory and Critical Care Medicine Vol. 38 No. 5/2017

Pulmonary Hypertension Complicating Connective Tissue Disease Volkmann et al. 635

D
ow

nl
oa

de
d 

by
: S

co
tt 

M
em

or
ia

l L
ib

ra
ry

, A
IS

R
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


