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

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

Scleroderma accounts for the majority of cases of CTD-PH,5

and will be discussed first.

Systemic Sclerosis

Scleroderma (SSc) is a connective tissue disease character-
ized by microvascular damage, fibroblast activation, and
excessive fibrosis of the skin, with varying degrees of
visceral involvement (e.g., lungs, gastrointestinal [GI] tract,
kidney, and heart).13–17 Interstitial lung disease (ILD) com-
plicates SSc in 21 to 60% of the patients12–14,18–20; and PH
in 7.5 to 20% of the patients.5,12,14,19,21–26 Pulmonary
complications are the leading causes of scleroderma-relat-
ed deaths.14,27–29

Clinical Manifestations of Scleroderma
The diagnosis of SSc is based on the presence of dermatologi-
cal manifestations (i.e., symmetrical skin or truncal sclerosis,
skin ulcers, pitting scars, telangiectasias, calcinosis), internal
organ dysfunction (e.g., esophageal dysmotility, pulmonary
fibrosis (PF), PH, heart or renal aberrations), and autoanti-
body profile.13–15 Raynaud phenomenon is present in > 90%
of patients with scleroderma and often is present for years
before fibrosis appears.13,14 Distinct SSc-associated autoanti-
bodies define subsets of patients with scleroderma, with
differences in clinical expression and prognosis30–32 (dis-
cussed in detail later). Nailfold capillary microscopy can
detect sclerodermatous microvascular damage via capillary
loss, distortion, and dilatations, and correlates with extent of
organ involvement.33–35 Diagnostic criteria for SSc were
proposed by the American College of Rheumatology (former
American Rheumatism Association [ARA]) in 1980.15 In 1988,
LeRoy et al classified SSc patients into limited and diffuse
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subsets, with distinct differences in clinical expression and
prognosis.16 Subsequent refinements incorporating serum
autoantibodies and nailfold capillary microscopy improved
the sensitivity of the 1980 ARA criteria.19,36 Sclerodermamay
be classified according to the extent of skin sclerosis.14,16,35

This classification schema has beenwidely accepted and used
in numerous clinical studies.36 Limited cutaneous scleroder-
ma (lcSSc), characterized by skin sclerosis of fingers (sclero-
dactyly)with or withoutmild sclerotic lesions involving neck,
face, and armpits, is not usually associated with serious
internal organ involvement.14,16 Nonetheless, as will be dis-
cussed later, PH is more common in limited than diffuse
SSc.37,38 Diffuse cutaneous scleroderma (dcSSc), in which
skin lesions are extensive (involving distal and truncal
skin), is usually associatedwith serious visceral complications
(particularly GI tract, ILD, renal, and heart)14,16 and may
progress rapidly.13,37 The risk of developing renal crisis is
higher in dcSSc than in lcSSc patients, with an odds ratio
> 7.39Aswewill discuss later, dcSSc patientsmore frequently
have autoantibodies against topoisomerase-1 (antitopoiso-
merase-1 [antitopo-1]) and have aworse prognosis than lcSSc
patients.14,16 A third subset, intermediate cutaneous sclero-
derma (icSSc) encompasses patients who typically have scle-
rosis of upper and lower limbs, neck, and face,without truncal
involvement; the prognosis of icSSc is intermediate between
lcSSc and dcSSc.14,36 Rare SSc patients exhibit internal organ
involvement without obvious cutaneous involvement
(termed “sine scleroderma”).13,14,35,40 This classification
scheme based upon extent of cutaneous involvement pro-
vides an overview of phenotype and prognosis, but marked
variability exists even within these subsets.14,36 Historically,
the acronym CREST (calcinosis, Raynaud phenomenon,
esophageal dysmotility, sclerodactyly, and telangiectasias)
syndrome was used to define a subset of patients with
SSc,41 but some consider this term to be obsolete.13 Approxi-
mately 10% of SSc patients have signs of other defined CTDs
such as SLE, rheumatoid arthritis (RA), and polymyositis
(termed “overlap syndrome”).12

Epidemiology
SSc is rare (incidence 2.3–22.8 per million/y; prevalence, 88–
280 permillion).13,14,42,43More than 80% of SSc cases occur in
females,13,14,29,36 with a peak incidence between the age of
45 and 64 years.14,36 Marked geographic variation in the
prevalence of SSc has been noted.42–45 SSc ismore common in
the United States (prevalence, 240 cases per million adults;
incidence, 20 cases per million adults) than in Europe or
Asia.42,46–48 Cited prevalence rates per million adults were
158 in Paris44 and 89 in the Netherlands.26 In one analysis,43

prevalence rates (per million) were: 276 (United States in
1990); 233 (Australia in 1999); 158 (France in 2001); and 88
(England in 2000). The incidence is increased among blacks,
but no other significant differences in distribution have been
documented.13,14,42,49 Clusters of SSc in families, Choctaw
Indians, and other ethnic groups and differences in pheno-
types among ethnic groups suggest a genetic component in at
least some cases.13,42,50 Further, scleroderma-associated
polymorphisms of genes encoding cytokines, cytokine recep-

tors, chemokines, and extracellular proteins have been re-
ported.13,50 Additionally, certain human leukocyte antigen
(HLA) class II molecules have been linked to clinical pheno-
types and specific autoantibodies.13,51 “These data provide
support for the notion that scleroderma is not one clearly
defined disease but a syndrome encompassing various phe-
notypes.”13 Although, the etiology of SSc remains obscure,
multiple factors have been suspected, including immune
system alterations, genetic, exogenous, and toxic or infectious
factors.13,14,50

Prognosis
Scleroderma has theworst prognosis of the CTDs,14,52 but the
clinical expression and prognosis of SSc are widely heteroge-
neous.13,14,16 Studies published in the “modern” era (after
1990), cite 10-year survival rates among patients with SSc
ranging from 61 to 85%.14,47,53–58 Involvement of visceral
organs (principally lungs, kidneys, and heart) is the major
factor determining prognosis.13,14,29,37 The prognosis of
dcSSc is much worse than lcSSc.14,37 Ferri et al described
1,012 Italian SSc patients seen between 1955 and 1999.14

Frequency of specific organ involvement at presentation and
follow-upwere: kidney (7 and 10%); heart (30 and 35%); lung
(60 and 81%); and esophagus (60 and 68%).14 In a cohort of
309 French-Canadians with SSc, the following organs were
affected at presentation: kidney (2%); heart (9%); lung (24%);
and esophagus (42%).59 Criteria for specific organ involve-
ment were not uniform among these studies.14,59 Steen and
Medsger evaluated 953 patients with diffuse SSc seen at the
University of Pittsburgh from 1972 to 1995.37 Severe organ
involvement was defined as follows: (1) (kidney) renal crisis;
(2) (heart) cardiomyopathy, symptomatic pericarditis, or
arrhythmias requiring treatment; (3) (lung) radiographic PF
and forced vital capacity (FVC) < 55% predicted; (4) (GI
involvement) repeated pseudo-obstruction or severe prob-
lems requiring hyperalimentation; and (5) (skin) modified
Rodnan skin score > 40. During follow-up, specific organ
complications developed as follows: kidney (19%); heart
(15%); lung (16%); GI tract (8%); and skin (24%).37 It is
important to note that most severe complications occurred
within 3 to 4 years of presentation.37

PHand PFare the leading causes of death in SSc, accounting
for 60% of the scleroderma-related deaths.29 This contrasts
with experience from the 1970s and 1980s when renal crisis
was the leading cause of death in SSc.37 The incidence of
renal-related deaths fell dramatically following the use of
angiotensin converting enzyme inhibitors in the 1980s
among patients with renal crisis.29,37,60 Investigators from
the University of Pittsburgh evaluated scleroderma-related
and all-cause deaths in a large cohort (> 5,000) of SSc patients
seen from 1972 to 2001.29 During that 30-year time frame,
scleroderma-related deaths due to renal crisis fell from 42 to
6% whereas the proportion of scleroderma-related deaths
due to PF or PH grew to 33 and 27%, respectively; deaths due
toGI disease fell from12 to 4%; and deaths due to scleroderma
cardiac disease decreased from 10 to 5%.29 A recent study
from the EUSTAR (European League Against Rheumatism
[EULAR] Scleroderma Trials and Research) database
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(inaugurated in June 2004) was remarkably similar.61 The
study prospectively followed 5,860 SSc patients from 151
centers; and out of which 284 patients (5.2%) died. The
attributable causes of SSc-related deaths included: PF
(35%); PH (26%); cardiac (26%); renal (4%); and GI tract (3%).

Reported scleroderma survival rates from different coun-
tries vary widely.12,14,19,28,53–55,57,59,62–64 Differences be-
tween regional cohorts in part may reflect different
phenotypes, autoantibodies, and clinical expression of the
disease19,59,65 rather than differences in therapy. In a large
Italian cohort of SSc patients (n ¼ 1,012) seen between 1955
and 1999, 10-year survival rates were 60.6% for patients
recruited between 1955 and 1985 and 76.8% for patients
recruited between 1986 and 1999.14 Factors associatedwith a
higher mortality included:male gender, lung, heart or kidney
involvement, older age, antitopo-1 or U1 autoantibodies.14,45

Among patients with lcSSc, icSSc, and dcSSc, 10-year survival
rates were 78.3, 65.5, and 52.2%, respectively. The most
frequent causes of death were cardiac (36%), pulmonary
(24%), and cancer (15%).14 Shorter duration of Raynaud
phenomenon at the disease onset correlated with a worse
survival.14 A meta-analysis of seven medical centers in the
United States, Europe, and Japan evaluated all-cause mortali-
ty in a cohort of 1,645 incident cases of SSc.28 By multivariate
analysis adjusted for age and sex, four factors were associated
with heightened mortality risk: renal involvement (hazards
ratio [HR], 1.9); heart involvement (HR, 2.8); pulmonary
involvement (HR, 1.6); antitopo-1 antibodies (HR, 1.3).28

Esophageal involvement was not associated with mortality.
In a cohort of 496 Japanese patients with SSc, survival rates at
5 and 10 years were 93.7 and 82%, respectively.47 Factors
associated with a poor prognosis included: antitopo-1 anti-
body and absence of anticentromere antibody (ACA).47 A
study of 309 French-Canadians with SSc from 1984 to 1999
cited 5- and 10-year survival rates of 91.7 and 79% for lcSSc
and 78.6 and 62.4% for dcSS, respectively.59 Scleroderma was
the primary cause of death in 35 out of 66 (53%) deaths.
Organ-specific cause of SSc-related deaths included: renal
failure (20%); PH (11.4%); cardiac (11.4%); primary biliary
cirrhosis (11.4%); small intestinal involvement (8.5%); and PF
(5.7%). By multivariate analysis, skin involvement of the
trunk, age, diffusing capacity for carbon monoxide (DLCO)
� 70% predicted, increased sedimentation rate (� 25 mm/h),
and hemoglobin < 12.5 g/dL independently predicted mor-
tality. Another Canadian study of 237 patients with SSc
between 1979 and 1990 cited 3-, 6-, and 9-year survival rates
of 86, 76, and 61%, respectively.54 Renal, cardiac, pulmonary
disease, or older agewere associated with a reduced survival.
PH was the most common cause of SSc-related death; 28% of
deaths were unrelated to SSc (particularly cancer and ische-
mic cardiac disease).54 A Swedish series of 249 SSc patients
cited 5- and 10-year survival rates of 86 and 69%, respective-
ly.56 Among the 49 deaths, 24 were due to pulmonary
complications (PF, PH, pneumonia, or lung cancer).56 In a
cohort of 178 Danish patients with SSc, the following factors
were associatedwith increasedmortality: PF; renal or cardiac
involvement; dcSSc; topo-1 or ribonucleic acid polymerase
(RNAP) antibodies.55 Cox regression analysis cited the fol-

lowing risk factors for mortality: right heart failure (relative
risk [RR], 12.4); dcSSc (RR, 7.8); nephropathy (RR, 6.1); DLCO
< 40% (RR, 4.0).55 In an Australian cohort of 177 patients from
1953 to 1983, survival rates correlated with extent of cutane-
ous involvement.64 A 10-year survival rate was 71% for
patients with sclerodactyly only; 58% with skin stiffness
proximal to themetacarpophalangeal joints; 21%with diffuse
scleroderma involving the trunk.64 In a Spanish cohort of 79
patients with SSc, 15-year survival was 62%.53 Factors associ-
ated with increased mortality by multivariate analysis in-
cluded: age at onset > 60 years; FVC < 70%; renal crisis.53 In
a cohort of 2,940 SSc patients in the EUSTAR database, risk
factor for mortality by multivariate analysis included: pro-
teinuria: PH; FVC < 80%; dyspnea on exertion; reduced DLCO;
older age at SSc onset; and skin thickness.61

Severe organ involvement (i.e., renal crisis, cardiac, lung, GI
tract) in patients with dcSSc typically occurs early in the
course of the disease (first 3 years), andwas associated with a
poor cumulative 9-year survival rate (38%) compared with
72% in patients without such involvement (p < 0.001).37

Renal crisis usually occurs during the first 4 years of the
disease in SSc patients who develop this complication.37,66

Similarly, among scleroderma patients with severe lung
disease; the greatest loss of lung function occurred during
first 2 years of the disease.18

Scleroderma Autoantibodies
SSc-related autoantibodies are present in > 85% of patients
with scleroderma; the most common are ACA (present in
40–70%) and antitopo-1 (formerly anti-Scl-70), found in 12 to
40%, but prevalence varies widely.13,14,24,30,40,48,59,65,67,68

Importantly, ACA and antitopo-1 are almost mutually exclu-
sive.14,30,31,67,69,70 Several additional antinucleolar antibod-
ies (ANoA) have been detected in SSc patients.14,30,31,71 These
ANoA include: RNAP I, II, and III31; small nuclear ribonucleo-
proteins (snRNP)71; U3 snRNP (fibrillarin)30,72; U1 snRNP71;
Th/To (7–2 RNA)73; PM-Scl (C1D, PM-Scl-100, PM-Scl-75
proteins)30,74; human upstream binding factor (hUBF, for-
merly anti-NOR 90)30,75; Ku30,76,77; U11/U12RNP78; and
histones.71 Additional autoantibodies in some patients with
SSc include: endothelial cell (EC) antibodies79,80; antiphos-
pholipid/anticardiolipin antibodies81; autoantibodies to the
platelet-derived growth factor (PDGF) receptor.82 ANoA-pos-
itive patients may also have circulating serum antitopo-1 or
ACA.14

Influence of Autoantibody Type on Clinical Features
and Prognosis
Specific autoantibodies define clinical subsets of
SSc.14,30,32,67 In a sentinel study from the University of
Pittsburgh, ACA and antitopo-1 (anti-Scl-70) were measured
in a cohort of 397 consecutive SSc patients.67Overall, 22% had
ACA and 26% had anti-Scl-70. Importantly, no patient had
both ACA and anti-Scl-70 antibodies.67 ACAs were almost
exclusively found in lcSSc (96%) and were associated with
calcinosis and telangiectasias. By contrast, anti-Scl-70 was
more common in dcSSc and was associated with peripheral
vascular disease (pitting scars) and PF.67 Subsequent studies
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confirmed that ACA is more common in limited SSc and has a
better prognosis whereas antitopo-1 is more common in
diffuse SSc and is often associated with PF.14,30,63,68,71,74,83

In an Italian study comprising of 1,012 SSc patients, ACAwas
present in 53% of patients with limited, 21.8% with interme-
diate, and 11.3% of patients with diffuse SSc.14 Conversely,
antitopo-1 was present in 25.3% of patients with limited,
51.3% with intermediate, and 58.6% of patients with diffuse
SSc.14 In a French-Canadian study, ACAs were present in 50%
of patients with limited or sine scleroderma, 34.6% in the
intermediate group, and 3.4% in diffuse SSc, respectively.59 By
contrast, the frequencyof antitopo-1without ACAwas similar
in limited (10.5%), intermediate (12.8%), and diffuse SSc
(13.8%).59 In some studies, antitopo-1 antibodies have been
associated with peripheral vascular disease,63,67 malignan-
cy,32 peripheral neuropathy,83 cardiac disease,32 and renal
crisis.84 Antitopo-1 has been associated with the worst
prognosis among autoantibodies30,36,47 whereas several
studies cited better survival in ACA-positive pa-
tients.14,47,63,67,85 A seminal study of SSc patients detected
antibodies to RNAP III in 45% of patientswith dcSSs but in only
6% of lcSSc and 0%with SSc overlap syndrome.86Anti-RNAP III
correlated with statistically higher mean maximum skin
thickness scores but a lower incidence of telangiectasias,
inflammatory myopathy, restrictive lung disease, or serious
cardiac manifestations compared with SSc patients with
antitopo-1.86 Thus, anti-RNAP III may be a marker of exten-
sive cutaneous SSc.

Additional clinical subsets have been observed with spe-
cific antibodies. Clinical links with autoantibody status in-
cluded: anti-U3RNP and RNAP (dcSSc and systemic disease)
30,74; anti-U3snRNP (dcSSc, myositis and isolated PH)72; anti-
RNAP III (dcSSc and renal involvement; low incidence PF,
myopathy, or cardiac manifestations)86,87; anti-U1snRNP
(lcSSc; joint inflammation; SSc-myositis overlap; isolated
PH; less renal involvement)30; anti-U11/U12RNP (Raynaud
phenomenon; PF)78; anti-Ku (myositis; arthritis; joint con-
tractures)76,77; anti-PM-Scl (SSc-myositis overlap, myositis,
arthritis, lcSSc)30,88; anti-Th/To (isolated PH, lcSSc and renal
crisis)73; anti-Th/To and anti-PM-Scl (lcSSc)30,74; anti-hUBF
(lcSSc, mild internal organ involvement; favorable prognosis)
75; EC antibodies (digital infarcts; PH)79,80,89; antiphospholi-
pid antibodies (thrombosis, PH)81,90; antiphosphatidyl-ser-
ine prothrombin complex (peripheral ischemia, PF, and PH).91

Recently, SSc patients with (þ) PM-Scl autoantibody (n ¼ 76)
were compared with 2,349 SSc patients without PM-Scl.92

PM-Scl-70 (þ) patients were younger, more often exhibited
overlap with another CTD (particularly PM or DM), had more
frequent limited cutaneous involvement, more skeletal mus-
cle involvement, radiographically evident PF, calcinosis, and
less PH (5 vs. 15% for PM-Scl-70 (�) patients). Importantly, 10-
year survival among PM-Scl-70 (þ) patients was 91 versus
65% for PM-Scl-70 (�) patients (p ¼ 0.0002). A recent multi-
center study examined 802 sera from Canadian SSc patients
for autoantibodies ACA and centromeric proteins (CENP)-A
and CENP-B.93 Autoantibodies were present as follows: ACA
(35%); CENP-A (34%); CENP-B (36%); RNAP-III (19%); and
antitopo-1 (16%). There was a considerable overlap among

ACA, CENP-A, and CENP-B autoantibodies. Of 301 patients (þ)
for any of these three antibodies, 86% were positive for all
three. By contrast, overlap among antitopo-1 or RNP-III and
ACA, CENP-A or CENP-B was low (around 1%). Clinical char-
acteristics of ACA, CENP-A, and CENP-B (þ) patients were
similar and included: older age; less skin involvement; more
PH; less ILD; less renal crisis; lessmyositis comparedwith the
remainder of the cohort.

Certain autoantibodies have been more common in SSc
patients with PH including: antifibrillarin antibodies (anti-
U3-RNP)72; fibrin-bound tissue plasminogen activator in
CREST patients94; antitopoisomerase II-α antibodies, par-
ticularly in association with HLA-B35 antigen95; antiendo-
thelial cell IgG antibodies.79,96 In some studies, ACA was
associatedwith PH30,68,71,73 but this is not consistent.36 IgG
antiendothelial antibodies were associated with a signifi-
cantly higher incidence of digital infarcts and gangrene and
PH in SSc patients.79 These antibodies were more common
in diffuse (40%) than limited (13.5%) SSc.79 A study from the
United Kingdom consisting of 393 patients with lcSSc cited
a relatively high incidence of PH in patients with anti-Th/To
(28%) and ACA (19%) antibodies.73 Certain autoantibodies
(anti-U1-RNP and anti-dsDNA) upregulate adhesion mole-
cules and HLA class II molecules on human pulmonary
ECs,97 and may promote an inflammatory pulmonary vas-
culopathy. Furthermore, Ig antibodies directed against
fibroblasts are present in sera of patients with idiopathic
pulmonary arterial hypertension (IPAH) and SSc-PH,96,98

and may contribute to release of cytokines and growth
factors that may contribute to the pathogenesis of vascular
remodeling in PH.99

Genetic Factors
Ethnic and genetic factors may influence the incidence of SSc,
clinical features, disease expression, and autoantibody sta-
tus.18,49,65,100,101 The severity of disease and mortality is
worse among black SSc patients.18,101 In one study of patients
with SSc, PH was more common in African–Americans com-
pared with Hispanics or Caucasians.49 Kuwana et al reported
a lower frequency of PF and better cumulative survival in
white as compared with black and Japanese patients.65 The
role of genetic mutations has been recognized in idiopathic
and familial PH.102 Little is known about the genetic involve-
ment in SSc-PH. Mutations in the bone morphogenetic pro-
tein receptor-2 (often found in IPAH),103were not detected in
two small cohorts of SSc-PH.104,105 Wipff et al reported an
association between endoglin gene polymorphism and SSc-
PH as compared with SSc patients without PH or controls.106

Additional studies are required to determine the role of
genetic factors or polymorphisms and SSc-PH.

Pulmonary Hypertension in Systemic
Sclerosis

Pathology of Systemic Sclerosis Pulmonary
Hypertension
Pathological features of SSc-PH are similar to the pulmo-
nary arterial/arteriolar lesions observed in IPAH, but may
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also display fibrous remodeling of the pulmonary venous
system, with occlusive lesions in veins/preseptal venules
(resembling pulmonary venoocclusive disease [PVOD]),
and capillary angioproliferation and postcapillary conges-
tion (►Fig. 1A–F).107,108 Plexogenic vasculopathy, which is
not uncommon in IPAH, was never observed in SSc-
PH.107,108 Isolated cases of scleroderma patients with
PVOD and pulmonary capillary hemangiomatosis (PCH)
109,110 have been described. Obstructive lesions within
pulmonary venules may in part explain the poor respon-
siveness of SSc-PH to vasodilators. Additionally, an inflam-
matory component, with perivascular infiltrates, may be
observed within the pulmonary vasculature in CTD-PH.107

Pathogenesis of Pulmonary Hypertension in Systemic
Sclerosis
Inflammation and autoimmunity likely play important roles
in SSc-PH.111,112 T- and B-lymphocytes, macrophages, den-
dritic cells, and leukocytes are found around the pulmonary
vascular lesions in SSc-PH and IPAH.111 Vascular changes
noted in SSc included apoptosis,113 EC activation, inflamma-
tory cell recruitment, a procoagulant state,114 intimal prolif-
eration, and fibrosis leading to vessel obliteration.111

Endothelial injury occurs in SSc, with increased levels of
soluble cell adhesion molecules111 and circulating vascular
endothelial growth factors.115 Italian investigators cited ele-
vated serum levels of seven angiogenic factors in a cohort of

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, x100); (C) plexiform/angiomatoid lesion that has been described in progressive systemic sclerosis
(PSS) but is rare in our experience (H&E stain, x100); (D) pulmonary venous occlusive disease (arrows) and pulmonary capillary hemangiomatosis
(PCH, oval), often seen together when present in PSS (H&E, x40); (E) PCH demonstrated by reticulin stain (x40); and (F) PCH demonstrated by
CD34 immunohistochemistry (x100). CD, cluster of differentiation; EVG, elastic-Van Gieson; H&E, hematoxylin and eosin; UIP, usual interstitial
pneumonia.

Seminars in Respiratory and Critical Care Medicine Vol. 34 No. 5/2013

Pulmonary Hypertension Complicating CTD Lynch et al. 585

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



patients with SSc; specific molecules correlated with clinical
subsets.116 Higher levels of PDGF-BB and platelet endothelial
cellular adhesion molecule-1 (PECAM-1) were observed in
patients with digital ulcers while lower levels of PECAM-1
were found in SSc patients with PH. Additionally, interleukin-
8 levels were higher in PH but lower in ILD. A variety of
autoantibodies in SSc-PH may influence the pulmonary vas-
cular lesions. Autoantibodies can upregulate adhesion mole-
cules and human pulmonary arterial EC,97 leading to
proliferative vasculopathy. Anti-EC antibodies may activate
EC, induce the expression of adhesion molecules, and trigger
apoptosis.117 Serum antibodies to fibroblasts have been
detected in patients with SSc-PH and IPAH,99 and can activate
fibroblasts and induce collagen synthesis. Increased levels of
growth differentiation factor 15 (GDF 15) protein, a member
of the transforming growth factor-β family, were noted in
plasma and lung tissue from patients with SSc-PH.118 Impor-
tantly, plasma GFD15 levels correlated with right ventricular
systolic pressure (RVSP) by echocardiogram and FVC/DLCO
ratio and were associated with decreased survival. In sum-
mary, multiple autoantibodies and proinflammatory/profi-
brotic cytokines may be involved in the pathogenesis of SSc-
PH. These effects may in part be mediated or modulated by
genetic mutations, candidate genes, or polymorphisms, but
little is known regarding the role of genes in the pathogenesis
of SSc-PH.

Diagnosis of Pulmonary Hypertension in Systemic
Sclerosis
Right heart catheterization (RHC) remains the gold standard
for the diagnosis of PH119,120 and assessment of progno-
sis.121,122 Baseline resting hemodynamic data (particularly
right atrial pressure [RAP], cardiac index [CI], and pulmonary
vascular resistance [PVR]) are predictive of severity of disease
and prognosis in IPAH121 but are less predictive of clinical
evolution of the disease in SSc-PH.111,123 Furthermore, RHC is
invasive and not well suited for serial monitoring of the
course of the disease. In this context, noninvasive techniques
such as Doppler echocardiography (DE),6 N-terminus pro-
brain natriuretic peptide (N-TproBNP),23,124 6-minute walk
test (6MWT),125 and magnetic resonance imaging (MRI)
126,127 have been used.

DE is a good screening technique for suspected PH,6,24,128

and may be useful for monitoring the course of the disease
and response to therapy.129 Elevated estimated RVSP, right
ventricular (RV) dilation or dysfunction, and flattening of the
interventricular septum are cardinal signs of PH.119 Assess-
ment of RVSP requires adequate visualization of the tricuspid
regurgitation jet, which is possible in < 70% of cases.119,130

Other parameters to assess PH include the Tei index,131

tricuspid annual peak systolic velocity,132 and tricuspid an-
nual plane systolic excursion.133 Overall, DE is reliable in the
presence of severe PH, but is not a sensitive marker of mild-
to-moderate PH.24,129 Furthermore, appropriate parameters
and threshold ranges for the diagnosis (or exclusion) of PH
have not been elucidated. RVSP � 35 mm Hg is often used as
a surrogate marker for PH. In one recent study from Thailand,
155 consecutive patients with SSc had DE; 26 were excluded

because of an inadequate tricuspid regurgitant signal; 47 of
129 had RVSP � 36 mm Hg.134 Importantly, RVSP � 36 mm
Hg and the World Health Organization (WHO) class III/IV
were associatedwith increasedmortality (H.R., 2.22 and 4.27,
respectively). Survival rates at 1-, 2-, and 3-years were 82, 78,
and 67% in SSc patients with RVSP � 36 compared with 98,
90, and 86% in SSc patients with RVSP < 36. Patients did not
receive PH-specific therapy. French investigators prospective-
ly followed 384 SSc patients without PH at initial evaluation
and without severe restriction by pulmonary function tests
(PFTs) for a mean of 41.0 months.24 DE criteria for proceeding
with RHC included the following: peak velocity of tricuspid
regurgitation (VTR) � 2.8 m/sec in patients with unexplained
dyspnea or VTR � 3.0 m/sec in patients without dyspnea.24

Using this algorithm, 26 patients (6.7%) underwent RHC. Eight
had pulmonaryarterial hypertension (PAH) byRHC; eight had
postcapillary PH; two had PH associated with severe PF.
Hence, the false (þ) rate of DE was 30.7%.24 Mukerjee et al
prospectively evaluated DE and RHC in 137 patients with SSc
(52 had concomitant PF).129 Overall, 99 (73%) had PH by RHC.
Estimated tricuspid gradient (TG) by DE showed a moderate
positive correlation (r2 ¼ 0.44, p < 0.005) withmean pulmo-
nary arterial pressure (mPAP) and TG as assessed by RHC.129A
weak correlation between DLCO and mPAP by RHC was also
found. Using a TG threshold � 45 mm Hg on DE, sensitivity
for PH by RHC was 58%; specificity, 97%. Lower TG thresholds
were associated with unacceptably high false positive rates.
However, no threshold could accurately exclude PH. There-
fore, DE is a reasonable, albeit imperfect, screening approach
to identify SSc patients with PH. Exercise DE135,136 may
improve sensitivity of DE, but its role in SSc has not yet
been established. The combination of computed tomography
pulmonary angiography (CTPA) plus DE may improve diag-
nostic accuracy over DE alone. In a cohort of 89 SSc patients
with suspected PH, a composite index incorporating indices
from CTPA and DE improved sensitivity; CTPA parameters
correlated moderately well with pulmonary hemodynamics
by RHC.137

Pulmonary functional parameters may be helpful in pre-
dicting PH. Investigators from theUnitedKingdomdeveloped a
formula to estimate mPAP noninvasively in a cohort of 386 SSc
patients who had PFTs and RHC.138 The equation was derived
from the initial cohort of 257patients, andvalidated in thenext
129 patients. The derived equation was: (136 � percentage of
oxygen saturation (SpO2) (by oximetry) � DLCO percentage
predicted ¼ mPAP).138 Using this equation to estimate mPAP,
the prevalence rates of PH (by RHC)were as follows: < 25 mm
Hg, (4.4%); 25–35 mm Hg, (11.3%); > 35 mm Hg, (62.9%).
These investigators suggested that the combination of DE
and this equation could better predict best candidates for
RHC. Similarly, French investigators assessed1,165 consecutive
patients with SSc, and confirmed PH (by RHC) in 64 (5%).139

Based on this derivation cohort, an equation (“Cochin risk
prediction score [RPS]”) was developed to predict the risk of
developing PH using simple variables (age, FVC, DLCO/alveolar
volume [VA]).139 The validation cohort comprised 443without
PHat baseline, 20 of whom (4.5%) developed PH during follow-
up (3 years).139 The Cochin RPS scorewas remarkably accurate
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in assessing PH risk. Using a cutoff value of 2.72 for the Cochin
RPS, patients at risk for developing PH during follow-up could
be identified with 89.5% sensitivity and 74.1% specificity.
Importantly, PH developed during follow-up in only 0.6% of
patients in the lowest two quintiles, 1.7% in the 3rd and 4th
quintiles, and 17.1% in the highest quintile (p < 0.001). Hence,
simple demographic and PFT data could predict with reason-
able accuracy which patients are likely to develop PH. Europe-
an guidelines recommend annual screening of SSc patients
(even asymptomatic) for PHusingDE, but reserve screening for
other CTDs only if pulmonary symptoms are present.120Other
echocardiographic features may detect primary myocardial
involvement (e.g., depression of left ventricular [LV] and RV
systolic and LV diastolic function140 or a restrictive mitral flow
pattern in the absence of any other cardiopulmonary
diseases).141

Elevated N-TproBNP concentrations are predictive of PH;
serial levels may be helpful in gauging the course of the
disease and assessing response to therapy. In one study, N-
TproBNP levels, 6-minute walk distance (6MWD), and hemo-
dynamic measurements were obtained in 109 patients with
SSc, 68 of whom had PH documented by RHC.124 Mean
baseline N-TproBNP levels were markedly elevated in SSc
patients with PH (1,474 pg/mL) comparedwith thosewithout
PH (139 pg/mL). A N-TproBNP level of 395 pg/mL predicted
PH,with sensitivity of 56% and a specificity of 95%. BaselineN-
TproBNP levels correlatedwithmPAP, PVR, and inverselywith
6MWD. Importantly, elevated N-TproBNP at baseline or dur-
ing follow-upwere strongly correlatedwithmortality. French
investigators prospectively followed 101 SSc patientswho did
not have PH or severe comorbidities for 3 years.125 By
multivariate analysis, baseline elevated N-TproBNP and
DLCO/VA ratio < 60% predicted development of PH during
follow-up (H.R. 9.97 and 36.66, respectively). The combina-
tion of an increased NT-proBNP level together with a DLCO/VA

ratio of < 70% was highly predictive of PH during follow-up
(H.R. 47.20). In another prospective study of 98 patients with
PH (SSc-PH [n ¼ 55]; IPAH [n ¼ 43]), NT-proBNP levels were
correlated with clinical and hemodynamic data.142 NT-
proBNP levels were higher in SSc-PH (3,419 pg/mL) than
IPAH (1,393 pg/mL) (p < 0.01) and were more closely related
to hemodynamics in SSc-PH than IPAH. Overall, 28 patients
died.When stratified bygroup, NT-proBNP predicted survival
in SSc-PH (H.R. 3.07, p < 0.01) but not in IPAP (H.R. 2.02,
p ¼ 0.29).

Pleural effusions on chest radiographs or CTscansmay be a
marker of RV dysfunction in PH patients.143,144 In one study,
35/89 patients (39.3%) with CTD-PH had pleural effusions
(including 23/51 (45.1%) with SSc).143 In six cases, alternative
explanations for pleural effusions were found. Among 29
pleural effusions without alternative explanation, 28 had
right heart failure. When compared with patients without
pleural effusions, the 29 patients with effusions had signifi-
cant higher RAP (11.3 vs. 8.3 mm Hg, p ¼ 0.04) and lower CIs
(2.1 vs. 2.5, p ¼ 0.01).

The 6MWT has been a key measure of prognosis and
response to therapy in IPAH,145 but this test has not been
independently validated in SSc-PH.146 The presence of con-

comitant musculoskeletal or joint involvement will reduce
the reliability of the 6MWT in the assessment of SSc-
PH.147,148 However, given its ease, noninvasive nature, and
low cost, 6MWT is useful to follow the course of the disease
and assess response to therapy.

Cardiac MRI has a theoretical role to diagnose myocardial
involvement in SSc,126,127,149–151 and differentiate inflam-
matory, microvascular, and fibrotic components, but is ex-
pensive and its clinical value in assessing SSc-PAH has not
been established.

Epidemiology and Incidence of Systemic Sclerosis
Pulmonary Arterial Hypertension
“Isolated” PH (i.e., without significant PF) complicates SSc in
7.5 to 20% of cases3,21–26,111,152; “secondary” PH may also
occur in patients with SSc-associated PF (SSc-PF).5,14,18,24 Two
national studies estimated the prevalence of CTD-PH to be 2.3
and 10 cases per million in the general population.153,154 A
prospective study in the United Kingdom cited a prevalence/
million population in 2006 of 4.23 for CTD-PH and 2.93 for
SSc-PH.5 A 3-year prospective study in France estimated the
incidence of PH among SSc patients at 0.61 cases per 100
patient years (patients with severe restrictive lung disease or
left heart disease were excluded).24

The precise incidence of PH is SSc has not been elucidated,
as differing diagnostic criteria and patient populations have
been examined. Autopsy series and clinical series in the 1960s
and 1970s suggested a prevalence of over 60%,155,156 but
these represented the extreme end of the spectrum. Studies
in the 1980s cited PAH in 9 to 33% of patients with SSc,157,158

but these represented selected cohorts (often including pa-
tients at risk or suspected of having PH). Some studies
utilizing DE in SSc patients cited prevalence rates of PH
exceeding > 30%,159,160 but diagnostic criteria for PH and
patient selection were not uniform. Studies within the past
decade have cited the prevalence of PH by DE among SSc
patients ranging from 9.9 to 26.7%.3,6,21,26,152,161,162 Howev-
er, DE are not always reliable; prevalence rates were lower
(7.85–12%) when RHC was required to substantiate the
diagnosis of PH. In a prospective study of 722 patients with
SSc followed for 4 years, 89 (12%) had PH confirmed by RHC.21

In a prospective study of 21 medical centers in France, 599
patients with SSc without severe PF had DE � RHC if PH was
suspected.23 The prevalence of PH confirmed by RHC was
7.85%. In a subsequent analysis of this cohort, 384 SSc patients
without PH at initial evaluation were followed prospectively
for a mean of 41 months.24 During follow-up, precapillary
PAH was confirmed by RHC in 8 patients (2.1%); 8 had
postcapillary PH (2.1%); 2 (0.5%) had PH complicating severe
PF.

Doppler echocardiograms are noninvasive, and can iden-
tify patients with possible PH, and elucidate the evolution of
the disease process. A retrospective study in the United
Kingdom from 1992 to 1997 assessed 930 SSc patients (dcSSc
[n ¼ 295]; lcSSc [n ¼ 635]).152 Serial DE were performed in
152 patients for whom “there was a clinical suspicion of” PH
based on clinical exam, PFTs, chest radiographs, or CT scans.
Overall, 13% had PH (defined as systolic pulmonary artery
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pressure [SPAP] > 30 mm Hg on DE). Wigley et al evaluated
791 patients with either SSc or MCTD from 50 community
rheumatology practices in North America; 122 had known
PH.6 Of 669 patients who had not previously been evaluated
for PH, 89 (13.3%) had estimated RVSP � 40 mm Hg on DE
(consistent with PH). Of these 89 patients, 82 (92.1%) had SSc;
7 (7.9%) had MCTD. Importantly, 27% of patients with RVSP
� 40 had severely reduced exercise capacity compared with
9.5%with RVSP < 40. The total prevalence of PH (byDE) in the
survey was 26.7%. In a retrospective study at Johns Hopkins
University, serial DEwere performed in 457 SSc patients seen
between 1990 and 2001.162 PHwas present in 96 of 457 (21%)
of the initialDE. Among 361with initial normal DE, 92 (26.0%)
developed mild-to-moderate PH and 48 (13.6%) developed
severe PAHduring follow-up (median of 3.2 y). Inmultivariate
analysis, the overall probability of severe PH rose to 27.3% if
the patient had limited disease and was older than the
median age (46.9 y) at the time of diagnosis.162 Italian
investigators performed exercise DE in 172 consecutive SSc
patients in the New York Heart Association (NYHA) class I and
class II and normal baseline DE and 88 healthy controls.163

After exercise, SSc patients had statistically significantly
higher SPAP and ΔSPAP/ΔCI compared with controls. The
presence of ILD was an independent determinant of SPAP
and ΔSPAP/ΔCI. The distribution of SPAP was normally dis-
tributed,whereas a bimodal distributionwas evident in SSc. A
subset of SSc patients (13%) exhibited peak SPAP > 48 mm
Hg after exercise. These data suggest that exercise DE may
identify patients at risk for developing PH, but this needs to be
verified in prospective studies.

Risk Factors for Pulmonary Arterial Hypertension in
Systemic Sclerosis
Several clinical markers have been associated with an in-
creased risk of PH in patients with SSc17 including: limited
skin involvement,111,162,164,165 disease duration > 10
years,111,166 late age of onset of SSc,162 severity167 or dura-
tion165 of Raynaud phenomenon, reduced nailfold capillary
density,166,168 reduced DLCO.162,167,169 Certain autoantibod-
ies (e.g., anti-U3 nucleolar ribonucleoprotein [U3snRNP]38,72

and ACA30,68,71) were associated with a higher incidence of
PH in some studies.

Despite the generally poor prognosis of dcSSc, PH occurs
infrequently in dcSSc (< 5%)37,38; most cases of PH occur in
patients with lcSSc.38,162,169 In a study from the University of
Pittsburgh, 60 of 580 (10%) of patients with lcSSc and 14 of
677 (2%) with dcSSc developed isolated PH (p < 0.001).38

Circulating antibodies to U3RNP were present in 6 of 13
(43%) patients with dcSSc and PH but in only 13 of 24 (6%)
patients with dcSS without PH (p < 0.001).38

ReducedDLCO has been associatedwith an increased riskof
PH in several studies.6,162,169 In a cohort of 815 patients with
SSc, 152 (19%) had an “isolated” reduction in DLCO < 55%
predicted with a normal FVC.169 In this subset, PH developed
in 16 patients (11%). All patients who developed PH had lcSSc.
Both DLCO < 55% predicted and FVC% predicted/DLCO% pre-
dicted ratio > 1.4 correlated with PH.169 Among subjects
with FVC/DLCO ratio > 1.4, PH developed in 22% compared

with 2% without elevated FVC/DLCO ratio. Follow-up PFTs
were performed in 73 of 152 (48%) with initially low DLCO.
Only six patients developed severe pulmonary complications
(PH in five; PF in one). In a 3-year prospective study of 101 SSc
French patients without PH, 8 developed PH during that time
frame.125 By multivariate analysis, risk factors for PH includ-
ed: DLCO/VA ratio < 60% (H.R., 36.6) and elevated baseline NT-
proBNP level (H.R., 9.97).125A retrospective studyof 1,136 SSc
patients in the United States cited older age, limited skin
disease, and DLCO < 50% as risk factors for PH.162 In that
study, 316 patientswithout PH on initial DEwere followed for
a mean of 3.2 years. Overall, 25.5% developed mild-to-mod-
erate PH (RVSP of 36–55 mmHg) and 13.6% developed severe
PH (RVSP � 56 mm Hg) during that time frame. Of patients
with mild-to-moderate PH initially, 17.7% progressed to
severe PH and 15.6% regressed to normal. Among patients
with severe PH, 25.0% regressed to mild-to-moderate PH and
3% normalized. The risk of developing PH over time increased
dramatically when the DLCO was < 50% predicted.

Prognosis of Systemic Sclerosis Pulmonary
Hypertension
Thepresence of isolated PHmarkedlyworsensprognosis in SSc
(3-year survival approximating 50%)2,5,21,27,111,123,124,152,170;
prognosis is even worse in the presence of concomitant
PF.3,5,111,171 PH remains the most common cause of death in
patients with SSc,27,111 and response to PH-specific therapy in
SSc is poor.5,111,112Once clinical symptoms of PH occur,median
survival is as low as 12 months.170,172 The high mortality in
part may reflect a higher prevalence of comorbidities in SSc-
PH, including cardiac and pulmonary parenchymal
involvement.111,123

The REVEAL (The Registry to Evaluate Early and Long-term
Pulmonary Arterial Hypertension Disease Management)
study (comprising 54 centers) recently published the largest
cohort of patients with PH confirmed by RHC in the United
States (121 had IPAH; 641 had CTD-PH).173 Patients in the
CTD-PH group had better hemodynamics and DE compared
with IPAH patients; however, BNP level and the prevalence of
pericardial effusions were higher and 6MWD and DLCO were
lower in the CTD-PH cohort. Importantly, 1-year survival was
86% in the CTD-PH group compared with 93% in IPAH
(p < 0.0001). The 1-year survival was worse in SSc-PH
(82%) compared with other CTD-PH diagnoses (SLE [94%];
MCTD [88%]; RA [96%]). Furthermore, patients with SSc-PH
had lower DLCO and higher BNP levels compared with other
CTDs. British investigators followed 315 new incidence cases
of SSc-PH (confirmed by RHC) for a mean of 3.3 years.5 The 1-
and 3-year survival rates for “isolated” SSc-PH were 78 and
47%, respectively. However, among SSc patients with PF-
associated PH, 3-year survival was only 28% (p ¼ 0.005).
Among patients with exercise-induced PH, only 5/42 (12%)
died; however, 8 progressed to PH at rest by repeat RCH (at a
mean of 838 days from diagnosis). By multivariate analysis,
younger age, female sex, higher mixed venous O2 saturation,
and lowerWHO functional classwere independent predictors
of survival.5 Autoantibody status (ACA, antitopo-1, antinucle-
ar antibody) did not influence survival. In another study from
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the United Kingdom, 89 patients with SSc-PH (confirmed by
RHC) were prospectively followed.21 Survival rates at 1-, 2-,
and 3-years were 81, 63, and 56%, respectively. Predictors of
mortality included: elevated mean right atrial presuure
(mRAP [H.R., 21]); elevated mPAP (H.R., 20); low CI (H.R.,
11).21 Williams et al followed 109 patients with SSc (68 had
PH documented by RHC; 41 had normal PA pressure) for a
mean of 10 months (range, 1–18 mo).124 The 1-year survival
was 83.5% in thosewith PH comparedwith 100%without PAH.
French investigators followed 546 subjects with SSc for a
median of 37 months; patients with severe restrictive lung
disease or left heart disease at baselinewere excluded.27Of 47
patients with PH at baseline, 3-year survival was 56.3%
compared with 94.4% in patients without PH at baseline.
Importantly, prognosis is guarded even among patients
with mild PH. Hachulla et al followed 12 SSc-PH (WHO class
II) for amean of 44months; 8 progressed to class III or class IV
and 2 died as a result of PH.174 Published studies in the United
States were small, single center studies, but consistently
noted a worse survival with SSc-PH compared with
IPAH.123,170 Kawut et al reported 22 patients with SSc-PH
and 33 with IPAH (confirmed by RHC) from the University of
Pennsylvania.170 The 1-year survival rateswere 55% in SSc-PH
and 84% in IPAH. The risk of death was higher in SSc-PH (H.R.,
2.9); this increasedmortality risk persisted after adjusting for
a variety of demographic, hemodynamic, and treatment
variables. In a cohort of 91 consecutive patients from Johns
Hopkins University (SSc-PH [n ¼ 50]; IPAH [n ¼ 41]), 1- and
3-year survival rates were 88 and 48% in SSc-PH compared
with IAPH (95 and 89%, respectively).123 These mortality
differences occurred despite lower mean PA pressures in
SSc-PH (46.6 mm Hg) compared with IPAH (54.4 mm Hg)
(p ¼ 0.02); CIs were similar between cohorts (2.2 vs. 2.1 L/
min/m2, respectively).123 Pericardial effusions and diastolic
dysfunction were more common in SSc-PH patients. In previ-
ous studies, pericardial effusion was predictive of a poor
outcome in SSc (independent of PH), and may be a manifes-
tation of serositis and systemic inflammatory disease.53,175 A
retrospective study in the United Kingdom from 1992 to 1997
assessed 930 SSc patients (dcSSc n ¼ 295; lcSSc n ¼ 635).152

Doppler echocardiograms were performed in 152 patients in
whom “there was a clinical suspicion of” PH based on clinical
exam, PFTs, chest radiographs, or CT scans. In these patients,
serial DE was performed annually. Overall, 13% had PH (de-
fined as SPAP on DE > 30 mm Hg) on at least one occasion.
Considerable fluctuation of SPAPmeasurements was noted on
follow-up DE. SPAP remained stable during follow-up in one-
third and fell in one-third. Patients with lcSScwere at substan-
tially increased risk for rapid progression (only onewith dcSSc
progressed rapidly). In six patients, deaths was attributed to
PH (six had lcSSc). Risk factors for increased mortality includ-
ed: rapid progression; age > 50 years; male gender.152 Inves-
tigators from Johns Hopkins reported 76 consecutive patients
with SSc-PH documented by RHC from 2000 to 2009.176 Total
40 patients (53%) were in WHO class III or class IV. During a
median follow-up of 36 months, 42 died; median survival was
4.01 years. Survival rates at 1, 3, and 5 years were 85, 67, and
36%, respectively. Multivariate analysis identified PVR, stroke

volume index (SVI), and pulmonary arterial capacitance as
strong predictors of survival. Interestingly, traditional hemo-
dynamic parameters such as RAP, mPAP, and CI were not
predictive of survival, after adjusting for WHO class. An
estimated glomerular filtration rate < 60 mL/min/1.73 m2

portended a threefold risk of mortality.
Markers of worse prognosis in SSc-PH include male sex,5

late age at diagnosis,5 hyponatremia,177 advanced WHO
functional class,5,178 reduced DLCO,171 reduced 6MWD,21,178

elevated BNP,124 impaired renal function,176 concomitant
ILD,3,5,111,171 pericardial effusion,123 and cardiac disease.111

Sclerodermatous involvement of the heart may give rise to
left ventricular dysfunction,179 conduction defects,179 ar-
rhythmias,141 pericardial effusions,175 or myocardial fibro-
sis.179 Pericardial effusion is threefold more common in SSc-
PH compared with IPAH, and is a strong predictor of mortali-
ty.27 Pericardial effusion can reflect increased right heart
pressure180 or the presence of serositis.175 The ability of the
RV to adapt to pressure overload may be compromised by
myocardial inflammation and/or scarring.179 Overbeek et al
evaluated the relationship between mean RV pressure and
stroke volume in patients with SSc-PH and IPAH.181 Both
groups had similar RAP and CI, but patients with SSc-PH
exhibited lower stroke volumes for any given mean RV
pressure, suggesting impaired RV contractility.

ILD and PF are common in diffuse SSc, and may indepen-
dently cause PH.167 The presence of ILD in SSc without PH
shortens survival (median survival 5–6 y),111 but survival is
substantially worse among SSc patients with both ILD and
PH.3–5,21,171,182Mathai et al reported 59 SSc patients with PH
(20 had concomitant ILD).171 Survival was significantlyworse
in the SSc-ILD cohort (1-, 2-, and 3-year survival rates of 82,
46, and 39%, respectively) compared with those without ILD
(1-, 2-, and 3-year survival rates of 87, 79, and 64, respective-
ly), p < 0.01.171 By multivariate analysis, the presence of ILD
was associated with a fivefold higher risk of mortality com-
paredwith lone PH. Type of initial PH therapywas not related
to survival.171 Data regarding PH-specific therapy for SSc
patients with concomitant ILD and PH are limited.111,171,183

However, Le Pavec et al retrospectively reviewed 70 SSc
patients with PH and ILD who had RHC, 6MWD, and clinical
assessment at baseline and at a mean of 7.7 months after
initiation PH-specific therapy.184 There was no change in
6MWD, WHO class, or hemodynamics with therapy. By
multivariate analysis, only worsening oxygenation during
follow-up and reduced renal function were risk factors for
mortality. Survival rates at 1-, 2-, and 3-yearswere 71, 39, and
29%, respectively. These findings cast doubt on any benefit
associated with PH-specific therapy in SSc-PH with concomi-
tant ILD. Launay et al compared 47 SSc patients with PH and
ILD with 50 SSc patients with “lone” PH.182 The 3-year
survival rates were lower in SSc-ILD (47%) compared with
SSc-PH (71%), p ¼ 0.07. In the ILD group, risk factors for
mortality included pericardial effusion and lower DLCO; in-
terestingly, mPAP had no prognostic effect. French investi-
gators evaluated 86 patients with dcSSc for a median of 72.5
months.3 Overall, 52 patients (60%) had ILD (alone in 37); 18
had PH (alone in 3); 31 (36%) had no PH or ILD. Overall, 17
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patients died (19.8%). Nine of 18 (50%) patients with PH died
whereas 8 of 68 (12%) without PH died (p ¼ 0.001); 10 of 52
(19%) with ILD died, compared with 7 of 34 (21%)without ILD
(p ¼ 0.99). In the entire cohort, only age at diagnosis of SSc
and PH were independent predictors of death (H.R., 1.06 and
4.09, respectively). Among patients with ILD, age at diagnosis
of SSc and PH were again the only independent predictors of
death (H.R., 1.07 and 5.07, respectively). Treatment with
corticosteroids or immunosuppressive agents did not affect
survival. Total 20 patients with ILD were treated with at least
6 cycles of monthly pulse intravenous (IV) cyclophosphamide
(CYC); 8 had concomitant PH. SPAP worsened during CYC
therapy but total lung capacity (TLC) did not change.

Pulmonary Hypertension-Specific Therapy for
Systemic Sclerosis
The impact of therapy for SSc-PH has not been elucidated, due
to the lack of randomized trials, disparate endpoints, and
heterogeneous populations and therapies employed.111 Intu-
itively, early diagnosis and treatment of SSc-PHmay favorably
influence outcomes.17,120,174,176,185,186 However, pharmaco-
logical therapy for SSc-PH is less effective than in
IPAH1,112,120,145,184 and survival benefit has not yet been
established in clinical trials.111 High-dose calcium channel
blockers (CCB) may be beneficial in small subset of patients
with IPAH (< 10%),187–189 but are rarely efficacious in SSc-
PH.111,170 CCB have no role to treat SSc-PH, but may have a
role for selected SSc patientswith digital ischemia.112 Chronic
anticoagulation with warfarin in patients with IPAH was
associated with improved survival in two retrospective stud-
ies190,191 and one uncontrolled, single-center prospective
study.188 However, warfarin was not related to survival in
one study of SSc-PH171 and expert opinion is divided on this
issue.192 We do not recommend anticoagulants in patients
with SSc-PH in the absence of additional risk factors.

Given the poor prognosis of untreated SSc-PH, most pa-
tients are treated. Objective benefit is often difficult to ascer-
tain. Because of ease of administration, oral agents (i.e., ET-1
receptor antagonists [ETRA]4,145,171,193–195 or phosphodies-
terase inhibitors [PDE5-I]145,196) have been the mainstay of
therapy for SSc-PH.5 However, a review of randomized, con-
trolled trials showed no benefit in exercise capacity (assessed
by 6MWD) with oral agents for SSc-PH.145 Parenteral prosta-
noids are reserved for patients with NYHA class IV or func-
tional class III patients failing oral agents.1,111,197 An expert
panel of the EUSTAR published recommendations for treat-
ment of SSc (all organ systems).198 With respect to PH, four
recommendationsweremade: (1) bosentan should be “strong-
ly considered” to treat SSc-PH; (2) sitaxentan “may also be
considered;” (3) sildenafil should be “considered for the
treatment of SSc-PH patients in whom bosentan has been
ineffective or cannot be used for safety reasons;” and (4) “IV
epoprostenol should be considered for the treatment of pa-
tients with severe SSc-PH.”198 These recommendations reflect
expert opinion but have not been validated in randomized
trials.199 Clements et al reported 228 patients with SSc-PH and
279 patients with IPAH seen at 60 sites in the United States
from 2005 to 2007.200 Survival at 3 yearswasworse in the SSc-

PH group (60%) as comparedwith IPAH (77%), p < 0.0001. PH-
specific agents utilized between the two groups differed, that
is, ETRA monotherapy (66% with SSc; 54% with IPAH,
p ¼ 0.048); combination of ERA plus PDE5-1 (25 vs. 12%,
p ¼ 0.003); parenteral prostenoid (19 vs. 38%, p ¼ 0.0006).
British investigators 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 monotherapy, treatment included: ETRA (68%);
prostanoid (17%); and PDE5-I (15%).5 Overall survival was
improved compared with earlier historical studies,172 but
the impact of specific therapeutic agents could not be assessed.
Similarly, in a cohort of 122 patients with SSc-PH in North
America, only 51 (41.8%) were receiving PH-specific therapy.6

Of these 51 patients, treatment options included bosentan in
36 (70.1%); epoprostenol in 5 (9.8%); other in 10 (19.8%).
Mathai et al reported 59 SSc-PH patients (20with concomitant
ILD).171 Most patients were treated with ETRA as initial
therapy. Type of initial PH therapy and the use of warfarin
were not related to survival. In a report from John Hopkins, 69
of 76 (90.8%) patients with SSc-PH were treated with PH-
specific agents.176 Initial treatment consisted of ETRA in 26
(37.7%); PDE5-I in 34 (49.1%); IV prostacyclin in 8 (11.6%);
high-dose CCB 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 thera-
py, n ¼ 35 (50.7%). The impact of treatment could not be
assessed. However, survival was no better in the later phases
of the study. In 2006, the PHAROS Registry (Pulmonary
Hypertension Assessment and Recognition of Outcomes in
Scleroderma) was established to clarify the risk of PH among
patients with SSc, elucidate the clinical course, and assess the
impact of therapy.185 Hinchliff et al described the first 237
patients enrolled, including 71with PH confirmed by RHC and
166 with “pre-PH” (i.e., risk factors for developing PH).185 Risk
factors endorsed for inclusion as high risk included: DLCO
< 55%; FVC/DLCO ratio > 1.6; RVSP > 35 mm Hg on DE;
moderate to severe ILD on chest CT. Data are premature at
this point, but this study hopefully will enhance our under-
standing of treatment effects. In the sections that follow,
experience with each class of PAH-specific agents will be
discussed.

Prostanoids
Continuous infusional therapy with IV epoprostenol201 or
trepostinil (IV or subcutaneous)202–204 has been shown to
be efficacious in patients with PAH in large randomized
double-blind placebo-controlled (RDBPC) trials. However,
patients with CTD-PH were either excluded or represented
a distinct minority of patients enrolled in those trials, so
one must be cautious about extrapolating findings from
those studies to SSc-PH. A few studies have focused on SSc-
PH. In an open label, randomized, multicenter trial, 111
patients with SSc-PH were randomized to either IV epo-
prostenol or “conventional” (i.e., no PH-specific) therapy
for 12 weeks.1 Exercise capacity (6MWD) and hemodynam-
ics improved in the epoprostenol-treated group, but there
was no difference in survival (four deaths in the
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epoprostenol cohort; five deaths in the conventional
group).1 Oudiz et al reported a subset of 90 patients with
CTD-PH enrolled in two RDBPC trials of subcutaneous
trepostinil for PH.197 At 3 months, small but statistically
significant improvements in CI, PVR, dyspnea-fatigue
scores, and 6MWD were noted compared with placebo.
The net gain compared with placebo in 6MWD was 25 m
(p ¼ 0.055). A small open-label study of 16 patients (six had
CTD-PH) treated with IV trepostinil noted slight, but sta-
tistically significant, improvements in exercise capacity
and hemodynamics at 12 weeks.205 The use of parenteral
agents in patients with SSc can be logistically difficult,
particularly given sclerodactyly, musculoskeletal impair-
ments, and potential for site and blood stream infec-
tions.206 Importantly, fatal pulmonary edema associated
with epoprostenol has been described in SSc patients with
PCH.109,110

Inhaled prostanoids (e.g., iloprost) have been associated
with anecdotal successes in SSc-PH207,208 but data are limited,
and the long-term benefit of aerosolized agents in CTD-PH
has not been demonstrated.

ET-1 Receptor Antagonists

Bosentan, an oral ETRA, was shown to be effective in two
RDBPC trials in patients with IPAH or SSc-PH.209,210 The
pivotal trial, termed Bostentan Randomized Trial of Endothe-
lin Antagonist Therapy (BREATHE-1), randomized 213 pa-
tients with PH (IPAH [n ¼ 150] or CTD-PH [n ¼ 63]) to
bosentan or placebo for 12 weeks.210 All patients were in
WHO class III or class IV. Bosentan was superior to placebo in
several measures including: 6MWD; WHO class; time to
clinical worsening, and Borg dyspnea score.210 A dispropor-
tionate number of patients had IPAH, and the number of
patients with SSc-PH was limited (n ¼ 47). An analysis of
CTD-PHpatients enrolled in randomized clinical trials noted a
trend toward improvement in 6MWD and improved survival
comparedwith historical cohorts.211Williams et al compared
45 SSc-PH patients treated with bosentan with 47 historical
controls (27 received prostanoids).178 The survival rates were
81 and 71%, respectively, for 1- and 2-year in bosentan-
treated patients as compared with 68 and 47% in historical
controls (p ¼ 0.016). PVR was stable in bosentan-treated
patients but increased in historical controls (p < 0.06). In
contrast, in a study from Johns Hopkins, bosentan was less
effective in SSc-PH compared with IPAH.195 In that study, 17
SSc-PH patients and 19 IPAH patients were treated with first-
line bosentan.195 The 1- and 2-year survival rateswere 87 and
79% with SSc-PH and 100 and 100% with IPAH, respectively;
further, NYHA functional class did not improve in the SSc-PH
cohort after a mean follow-up of 13 months.195 Joglekar et al
retrospectively assessed 23 SSc-PH patients treated with
bosentan for at least 18 months.194 At 3 months, WHO
functional class improved in 57%; none worsened. However,
after 9 months, WHO functional class tended toworsen. SPAP
did not change with therapy. Humbert et al similarly noted
that bosentan was less effective in SSc-PH compared with
IPAH.193 These studies do not negate a treatment effect in

patients with SSc-PH, but suggest that any benefit may be
small.

Mathai et al reported 59 patients with SSc-PH (20 had
concomitant ILD), all of whom received PH-specific thera-
py.171 Initial therapy included an ETRA in 71% (15/20 with
ILD-associated PH and 27/39 with sole PH). Overall 20 pa-
tients were treated with a continuous IV or subcutaneous
prostenoid. A second drug was added in 32 patients (54%).
Total 35 patients (59%) received warfarin. No patient with
lone PH received immunosuppressive therapy whereas 15
patients with ILD-associated PH received immunosuppres-
sive agents. Impact of therapy (any agent) could not be
ascertained.

Launay et al treated 49 consecutive SSc-PH patients with
first-line bosentan; 27 had concomitant ILD.4 During fol-
low-up, prostanoids were added in 17 patients and silden-
afil was added in 5 patients. Bosentan was discontinued in
five patients due to elevated liver transaminases. RHC was
performed in 40/44 patients at 4 months. At 4 months,
NYHA class and PVR decreasedwithout a significant change
in mPAP or mRAP; whereas 6MWD did not change. At 1-
year, 16/19 patients underwent RHC again; at this time
point, CI, PVR, NYHA class, and 6MWD were not signifi-
cantly different from pretreatment baseline. By multivari-
ate analysis, baseline and 4-month NYHA functional class
and 4-month CI were independent factors associated with
survival. The 1-, 2-, and 3-year survival rates were 80, 56,
and 51%, respectively. Overall 23 patients died (47%) after a
mean follow-up of 23months. Among the 23 deaths, 9 were
on prostanoid þ bosentan; 14 died while on bosentan
monotherapy. Progressive right heart failure was the cause
of death in 22/23. In the entire cohort, 13 patients had
significant ILD (FVC < 70% predicted). By 18months, 8 of 13
patients with ILD had died.

Ambrisentan, another ETRA, improved 6MWD at
12 weeks in a RDBPC trial of PH (both IPAH and SSc-
PH).212 However, the benefit was larger in patients with
IPAH (50–60 m) compared with CTD-PH (15–23 m).212

Sitaxentan is another ETRA that may be used to treat PH
(IPAH or CTD-PH).213–216 In addition to beneficial effects in
PH, ETRA (particularly bosentan) may improve skin perfu-
sion in hands and reduce the occurrence of new digital
ulcerations in SSc.217–220 Despite extensive clinical use of
ETRA in SSc-PH, the benefit of these agents has not been
well documented.

Phosphodiesterase Type V Inhibitors
Both sildenafil and tadalafil has been used in CTD-PH, with
clinical improvement in some studies. In the sentinel SUPER
Sildenafil Use in Pulmonary Arterial Hypertension RDBPC
trial, patients with PH (IPAH or associated) were randomized
to one of three doses of sildenafil (20, 40, or 80 mg three
times a day) or placebo.221 The primary endpoint (6MWD at
12 wk) improved in all three sildenafil-treated cohorts com-
pared with placebo.221 Post hoc analysis of 84 patients with
CTD (45% had SSc) from that study noted modest improve-
ment in 6MWD, hemodynamics, and functional class after
12 weeks of therapy.196 Changes in 6MWD were as follows:
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20 mg (þ 45 m); 40 mg (þ 36 m); 80 mg (þ 15 m); placebo
(�13 m). NYHA functional class improved in 29 to 42% of
patients receiving sildenafil compared with 5% in the placebo
cohort. Another PDE5-I, tadalafil, was associated with clinical
improvement in patients with PH (idiopathic or associat-
ed).222 In the sentinel RDBPC trial, tadalafil (doses 2.5, 5,
10, or 40 mg daily for 16 wk) was compared with placebo in
405 patients with PH (either idiopathic or associated); 55% of
patients were on bosentan at the time of enrollment.222 Only
the 40 mg dose achieved statistically significant improve-
ments in 6MWD, time to clinical worsening, and quality of
life. The mean placebo-adjusted change in 6MWD was 44 m
among bosentan naive patients compared with 23 m in
patients receiving bosentan. NYHA functional class did not
change. Although some of the patients in that study had CTD,
these patients were not analyzed separately. In summary,
data regarding PDE5-I are sparse, but either sildenafil or
tadalafil are well tolerated and may be used in patients
with SSc-PH. Data regarding efficacy (short or long term)
are not robust.

Combination Therapy
Although, combination therapy may offer an advantage in
selected patients,222 survival benefit has yet not been
established.223 Mathai et al reported 82 patients treated
with bosentan monotherapy for PH (IPAH or SSc-PH).224

Both groups improved clinically with bosentan, but ulti-
mately deteriorated (median time to failure 792 and 458 d,
respectively). Sildenafil was added in 13 patients with IPAH
and 12 patients with SSc-PAH. After addition of sildenafil,
WHO functional class improved in 5 out of 13with IPAH and
in 2 out of 12 with SSc-PH. 6MWD improved by 47 m in
IPAH, but fell by 7 m in the SSc-PH cohort. In the PACES trial,
sildenafil (dose 80 mg three times a day) was added to IV
epoprostenol in patients with idiopathic- or associated-PH
(21% of these patients had CTD and 11% had SSc).225 No
subset analysis was provided, but improvement wasmainly
in patients with IPAH. These data cast doubt on the incre-
mental benefit achieved with combination therapy in SSc-
PH patients. Australian investigators reported 112 patients
with PH of diverse etiologies (IPAH [51%]; SSc [26%]; and
other [23%]) who were treated with a second agent after
failing monotherapy (mean time of monotherapy 18.7
mo).226 In the entire cohort, dual therapy improved
6MWD, DE, WHO class at 1 year. Survival rates on dual
therapy at 1- and 2-years were 93 and 79% for IPAH patients
as compared with 72 and 48% of SSc-PH. These data again
suggest that the incremental benefit of combination thera-
py is less in SSc-PH patients as compared with IPAH.

Anti-Inflammatory Therapies
Perivascular inflammatory infiltrates have been noted in
some patients with CTD-PH.107 Anecdotal responses to im-
munosuppressive agents have been cited in PH complicating
SLE or other CTDs,7 but SSc has usually been unresponsive to
immunosuppressive therapy.7 However, favorable responses
to corticosteroids and CYC were cited among patients with
SLE/SSc overlap and PH.8

Future Therapies
Imitinib, an inhibitor of tyrosine kinase and PDGF is currently
being investigated for the treatment of PH227,228 and for the
treatment of SSc-related ILD and skin disease.111

Lung Transplantation for Connective Tissue
Disease

Lung Transplantation (LT) for CTDhas been done infrequently,
as many medical centers consider CTD to be a contraindica-
tion to LT. Concern about gastroesophageal reflux, renal
impairment, and extrapulmonary organ involvement are
relative contraindications to LT. CTD accounted for 359 of
30,673 (1.2%) LT performed worldwide from January 1995 to
June 2010.229 LT may be an option for CTD patients with
severe PH failing medical therapy.230,231 One study from two
medical centers in the United States assessed mortality rates
post LT for patients with SSc (n ¼ 29), idiopathic pulmonary
fibrosis (IPF) (n ¼ 70), and IPAH (n ¼ 38).231 Cumulative
survival rates at 6 months were 69% for SSc, 80% for IPF,
and 79% for IPAH (not statistically different). By 2 years,
cumulative survival was approximately 64% for all the three
groups. We reported 1-year survival rates among LT recipi-
ents with SSc (93.4%) or IPF (86.9%), respectively.230 A review
of the literature from 1986 to 2006 detected 54 SSc patients
who had undergone LT.232 Survival rates at 2- and 5-years
were 72 and 52%, respectively, which are comparable to other
diseases receiving LT.

Other Connective Tissue Disorders

PAH is a rare complication of other CTD (principally MCTD,
SLE, and overlap syndrome).9–11,233 British investigators de-
scribed a cohort of 484 patients with CTD-PH: SSc, n ¼ 315
(74%); MCTD, n ¼ 36 (8%); SLE, (n ¼ 35, 8%); dermatomyosi-
tis/polymyositis (DM/PM), n ¼ 18 (4%); RA, n ¼ 13 (3%);
undifferentiated CTD, n ¼ 9 (2%); Sjogren syndrome, n ¼ 3
(1%).5 Most patients were treated with immunosuppressive
therapy (IST). The survival rates of 1- and 3-year for isolated
PHwere as follows: SSc, 78 and 47%; SLE, 78 and 74%; DM/PM,
100 and 100%; MCTD, 89 and 63%; RA, 83 and 66%, respec-
tively.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% for SLE-PH as compared with 73.4 and
68.2% for IPAH (p ¼ 0.02). Sanchez et al treated 28 patients
with CTD-PH with IV pulse CYC; 22 received concomitant
corticosteroids.7 Five of 12 patients with SLE and 3 of 8 with
MCTD responded (functionally and/or hemodynamically)
without need for PH-specific therapy; all 7 patients with
SSc were non-responders.7 In another study, 7 of 8 patients
with SLE-PH (4 had SSc overlap) responded to corticosteroids
þ/� CYC.8 In a series of 23 patients with SLE or MCTD-
associated PH, 16 were initially treated with immunosup-
pressive therapy alone, with 8 responders (50%).234 Six of 8
non-responders improved with the addition of pulmonary
vasodilators. Seven patients were initially treated with both
immunosuppressive therapy and pulmonary vasodilators,
with 4 responses (57%). PAH is a rare complication of Sjogren’s
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syndrome.235 The largest series comprised 28 patients (27
were females); survival rates were 73% at 1-year and 66% at
3-years. The impact of PAH-specific and immunosuppressive
agents was modest. Although data are limited, early and
aggressive therapy with immunosuppressive agents is rec-
ommended for CTD-PH in diseases other than SSc; PH-
specific therapy may be efficacious for patients failing immu-
nosuppressive therapy or with severe disease.
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