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Systemic sclerosis (SSc) is a disease state characterized by a significant lifetime 
risk for the development of pulmonary hypertension (PH). SSc-associated PH is 
comprised of a heterogenous array of phenotypes. SSc patients are at risk for both 
precapillary and postcapillary PH conditions. These include pulmonary arterial 
hypertension (PAH), PH secondary to interstitial lung disease (ILD-PH), and 
left heart disease associated PH. SSc-PAH is a vasculopathy that is distinct from 
idiopathic PAH and probably PAH associated with other connective tissue diseas-
es. This concise review provides an overview of the various forms of SSc-PH, as 
well as advances in the screening, therapeutic management, and risk stratification 
strategies for the various types of SSc-PH. As the same SSc patient often displays 
multiple overlapping PH groups, treatment decisions are complex and often need to 
be individualized. This review also attempts to provide a rational framework for the 
management of SSc-PH patients with overlapping disease phenotypes.

INTRODUCTION
Systemic sclerosis (SSc) is a rare 
multisystemic connective tissue disease 
characterized by autoimmune dysregula-
tion, chronic inflammation, and colla-
gen deposition resulting in end-organ 
fibrosis.1 There are 2 main phenotypes 
of SSc: diffuse cutaneous SSc (dc SSc) 
and limited cutaneous SSc (lc SSc), dis-
tinguished by the pattern and the extent 
of cutaneous involvement.1 Diagnosis of 
SSc depends on the fulfillment of the 
2013 American College of Rheumatolo-
gy and European League Against Rheu-
matism classification criteria.2 Morbidity 
and mortality in SSc are largely driven 
by end-organ dysfunction resulting from 
fibrosis and microvascular obliteration 
in the lungs, heart, and kidneys. Lung 
disease is the most common cause of 
death in the SSc population with inter-
stitial lung disease (ILD) and pulmo-
nary hypertension (PH) being the first 
and second leading causes of mortality, 
respectively.1,3

According to the Sixth World Sym-
posium on Pulmonary Hypertension 
(WSPH), PH is classified into groups 

1–5 based on the primary etiopatho-
genesis of the PH (Table 1).4 SSc 
patients are at risk for multiple forms 
of PH.5 While individual SSc patients 
can exhibit any one of the following 
phenotypes of PH, namely: groups 1, 
1.6, 2, or 3; in clinical practice, there 
can be a considerable overlap in the ex-
pression of disease phenotypes. SSc-re-
lated pulmonary arterial hypertension 
(SSc-PAH) is the most common form 
of collagen vascular disorder-associated 
PAH in North America and Europe.6,7 
A rare subgroup of WSPH group 1 
disease, or group 1.6, known as pulmo-
nary veno-occlusive disease/pulmonary 
capillary hemangiomatosis (PVOD/
PCH) has also been described in SSc 
patients.5 SSc-related ILD is a leading 
cause of morbidity and mortality and 
WSPH group 3 PH has been reported 
in SSc-ILD patients (SSc-ILD-PH).8 
Finally, cardiac involvement in the form 
of myocardial fibrosis and myocardial 
dysfunction and associated WSPH 
group 2 PH (SSc-LVD-PH) have 
also previously been described in SSc 
patients.9,10 This concise review aims to 

provide a brief overview of the epidemi-
ology, screening, and description of the 
different phenotypes of SSc-PH, their 
pathophysiology and management.

Diagnosis and Epidemiology
In an SSc patient, the diagnosis of 
precapillary PH (WSPH groups 1, 
1.6, and 3) is made using right heart 
catheterization (RHC) when the mean 
pulmonary artery pressure (mPAP) is 
>20 mmHg, pulmonary capillary wedge 
pressure (PCWP) is ≤15 mmHg, and 
the pulmonary vascular resistance (PVR) 
is ≥3 Woods Units, while a diagnosis 
of postcapillary PH (WSPH group 2) 
is made when PCWP is >15 mmHg 
in combination with similar criteria for 
mPAP.11 Further characterization of 
the exact precapillary PH phenotype 
requires additional clinical data such as 
pulmonary function testing (PFT), chest 
imaging (high-resolution computed 
tomography [HRCT]), V/Q scan, and 
echocardiographic data.4

The prevalence of PH in individuals 
with SSc was noted to be around 7% 
from 1 European meta-analysis of 5 
different studies. In this study, 83 out 
of 1165 individuals with SSc had PH 
with 77% (51% SSc-PAH, 26% SSc-
ILD-PH) having precapillary PH, 21% 
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postcapillary disease, while 2% had 
PVOD.7 In the DETECT study, which 
included 62 participating centers from 
North America, Europe, and Asia, using 
a strategy to enrich for SSc-PAH (SSc 
duration > 3 years and diffusion ca-
pacity of the lung for carbon monoxide 
[DLCO] < 60% predicted), 145/646 
screened patients, or 31% were found to 
have PH. SSc-PAH (WSPH Group 1) 
was the commonest etiology (19%), while 
SSc-ILD-PH (WSPH Group 3) and the 
left ventricular (LV) dysfunction group 
(WSPH Group 2) had 6% each.12

Screening
Given the high prevalence and the 
lifetime risk for the development of PH 
in patients with SSc, screening is an 
important strategy for the early identi-
fication of all phenotypes of SSc-PH, 
especially SSc-PAH. While there have 
been various, clinical, autoimmune an-
tibody, and lung function testing-based 
associations with the development of 
PH in the SSc population, none of these 
parameters have individually been useful 
from a PH screening standpoint.13 The 
current guidelines recommend annual 
screening with echocardiograms for all 
patients with SSc.14,15 The 2015 Europe-
an Society of Cardiology (ESC)/ Euro-
pean Respiratory Society (ERS) criteria 
using echocardiographic parameters 
comprise an effective strategy to screen 
for SSc-PAH patients.14 SSc is the only 
collagen vascular disorder for which 
such an echocardiogram-based strategy 
is currently recommended. Screening 
strategies using composite screening 
instruments such as the DETECT or 
ASIG tools can identify patients with 
SSc-PAH with a high sensitivity and 
negative predictive value (NPV).12

While these composite screening tools 
were designed primarily with a focus on 
SSc-PAH, they perform fairly well with 
regard to detection of groups 2 and 3 PH 
as well. In a study by Hao et al,16 the 2015 
ESC/ERS criteria, DETECT, and ASIG 
algorithms all were able to detect any 
form of SSc-PH with a sensitivity >95%. 
In that study, the ASIG algorithm had a 
sensitivity of 95.8%, NPV of 92.3%, and 
had the highest specificity and positive 
predictive values of all 3 algorithms. 
However, it is important to note that this 

population was enriched for SSc-PAH. 
In our practice, we have found the ASIG 
algorithm very easy to operationalize, as 
it only requires PFT data and a serum 
N-terminal pro B-type natriuretic peptide 
level to implement, and both of these 
clinical variables are easily available in 
most outpatient practices (Figure 1).

With significant advances in aware-
ness, screening, therapies, and risk 
stratification, the 1- and 3-year survival 
rates in incident SSc-PAH patients 
appear to be similar to those in idio-
pathic pulmonary arterial hypertension 
(IPAH) patients, but prospective data 
from the Pulmonary Hypertension As-

Table 1. Sixth World Symposium on Pulmonary Hypertension Classificationa

1. PAH

  1.1 Idiopathic PAH

  1.2 Heritable PAH

  1.3 Drug- and toxin-induced PAH

  1.4 PAH associated with:

  1.4.1 Connective tissue diseaseb

  1.4.2 HIV infection

  1.4.3 Portal hypertension

  1.4.4 Congenital heart disease

  1.4.5 Schistosomiasis

  1.5 PAH long-term responders to calcium channel blockers

  1.6 PAH with overt features of venous/capillaries (PVOD/PCH) involvementb

  1.7 Persistent PH of the newborn syndrome

2. PH due to left heart diseaseb

  2.1 PH due to heart failure with preserved LVEF

  2.2 PH due to heart failure with reduced LVEF

  2.3 Valvular heart disease

  2.4 Congenital or acquired cardiovascular conditions leading to postcapillary PH

3. PH due to lung diseases and/or hypoxiab

  3.1 Obstructive lung disease

  3.2 Restrictive lung disease

  3.3 Other lung disease with mixed restrictive/obstructive pattern

  3.4 Hypoxia without lung disease

  3.5 Developmental lung disorders

4. PH due to pulmonary artery obstructions

  4.1 Chronic thromboembolic PH

  4.2 Other pulmonary artery obstructions

5. PH with unclear and/or multifocal mechanisms

  5.1 Hematological disorders

  5.2 Systemic and metabolic disorders

  5.3 Others

  5.4 Complex congenital heart disease

 aPulmonary hypertension classifications according to the proceedings from the Sixth World 
Symposium on Pulmonary Hypertension (WSPH). PAH: pulmonary arterial hypertension; 
PVOD: pulmonary veno-occlusive disease; PCH: pulmonary capillary haemangiomatosis; 
LVEF: left ventricular ejection fraction; HIV: human immunodeficiency virus. 
bWSPH subgroups prevalent in SSc-PH. 

Reproduced with permission of the © ERS 202111
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sessment and Recognition of Outcomes 
in Scleroderma (PHAROS) registry 
and other institutional cohorts show 
that the SSc-PAH population contin-
ues to have a long-term survival disad-
vantage.17 While lead-time bias could 
explain some of the improvements in 
short-term survival rates in the SSc-
PAH cohort, earlier intervention with 
vasodilator therapies and/or diuretics 
could have prevented or delayed right 
ventricle (RV) failure and improved 
survival prospectively.18 Early detection 
seems to confer a survival advantage 
in SSc-PAH when compared with 
symptom-based evaluation for PAH.19 
Further, 22% of SSc-PAH patients in 
the PHAROS cohort were asymptom-
atic at the time of their PAH diagno-
sis.20 For this reason, screening for PH 
and PAH is a valuable strategy in the 
SSc population.

SSC-PH PHENOTYPES
1. SSc-PAH
While both limited and diffuse SSc 
patients can develop PAH, the lc SSc 
phenotype appears to have a higher risk 
for the development of PAH.1 PAH is 
a disease that directly affects the small- 
to medium-sized pulmonary arteries, 
leading to vascular remodeling. Initially 
thought to be analogous to the idio-
pathic form of PAH, histopathologic 
analyses more recently suggest that 
SSc-PAH is a distinct vasculopathy with 
unique histologic and prognostic char-
acteristics.21–23 SSc-PAH appears to be 
different than IPAH, as noted by a lack 
of plexiform lesions, presence of pulmo-
nary arterial (PA) or arteriolar intimal 
fibrosis, and some fibrosis of veins or 
venules.21 Histologic analyses of SSc-
PAH lung tissue have further revealed 
that PVOD-like lesions and pulmonary 

vein fibrosis are relatively common in 
SSc-PAH.24,25 This may help explain 
some of the adverse effects associated 
with the use of PA vasodilators in SSc-
PAH patients.

Treatment of SSc-PAH
a. Pulmonary Artery Vasodilators: 
While there is emerging interest in using 
adjunctive immunomodulatory agents 
in the management of SSc-PAH, PA 
vasodilators are the mainstay of treatment 
in SSc-PAH. The current guidelines 
support the use of all PA vasodilators 
approved for other WSPH group 1 
disease patients. These recommendations 
are based on efficacy and safety data 
from multiple randomized clinical trials 
using PA vasodilators that also included 
SSc-PAH patients.13,14 There are 3 main 
pathways currently targeted by available 
drug therapies: nitric oxide, endothelin, 

Figure 1: Comparison of systemic sclerosis-associated pulmonary hypertension (SSc-PH) screening algorithms. Side-by-side comparison of 
screening algorithms for SSc-PH. The DETECT algorithm assigns numerical scores to combined clinical variables using a customized Web-
based calculator. This score is used to determine referral for echocardiogram and subsequently right heart catheterization. ASIG algorithm uses 
PFT and NT-proBNP data to determine patient candidacy for further workup, including RHC. ASIG: Australian Scleroderma Interest Group; NT-
proBNP: N-terminal pro B-type natriuretic peptide; DLCO: diffusion capacity of the lung for carbon monoxide; FVC: forced vital capacity; PFT: 
pulmonary function test; RHC: right heart catheterization; TR: tricuspid regurgitation. Adapted from Hao Y et al.16
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and prostacyclin pathways. A variety of 
oral, parenteral, and inhaled formulations 
are available for the management of SSc-
PAH patients.26

Most patients now start combination 
therapy with a phosphodiesterase type 
V inhibitor (PDE5i) and an endothe-
lin receptor antagonist (ERA). These 
medications are administered orally and 
are generally used as first-line agents for 
PAH owing to their milder side effect 
profile than prostanoids (prostacyclin 
pathway analogs). PDE5is were ap-
proved for PAH patients after the SU-
PER and PHIRST trials, both of which 
included a subset of connective tissue 
disease-associated PAH (CTD-PAH) 
(including SSc-PAH) patients.27,28

ERAs target endothelin receptors on 
vascular smooth muscle, thereby pre-
venting the vasoconstrictive effect of 
circulating endothelin proteins. Ambris-
entan, macitentan, and bosentan are the 
currently approved ERAs. ERA therapy 
has been shown to improve quality of 
life and exercise tolerance via 6-minute 
walk distance (6MWD) in CTD-PAH 
and SSc-PAH patients, although the 
beneficial effects in these patients may 
be attenuated when compared with 
patients with IPAH.29–31

Prostanoids act mainly via binding to 
the prostacyclin (IP) receptors, activat-
ing adenylate cyclase, resulting in the 
production of cAMP, reducing Ca+2 
concentrations, and causing vasodi-
lation. To this day, intravenous (IV) 
prostanoids remain the most potent 
therapy offered for SSc-PAH patients.13 
Epoprostenol, treprostinil and the 
IP receptor agonist selexipag are the 
prostanoids approved for PAH therapy. 
Epoprostenol is only available in an 
IV formulation, while treprostinil is 
available in oral, parenteral, and inhaled 
routes. Selexipag is administered via the 
oral route. All the prostanoid formu-
lations have been shown to improve 
the functional capacity and exercise 
tolerance (6MWD) in PAH patients, 
including SSc-PAH patients.32–36 It is 
also important to note that optimi-
zation of PH in SSc patients involves 
the use of diuretics, management of 
arrhythmias, conduction abnormalities, 
and treatment of coexisting comorbidi-
ties such as sleep apnea.14,37

b. Immunomodulator Therapy: As 
noted above, while SSc-PAH is a unique 
pulmonary vasculopathy, SSc has also 
been shown to impact the RV adapta-
tion to this pulmonary arteriopathy, 
which contributes to a greater morbidity 
and mortality in SSc-PAH.38 Further, 
since SSc is a multiorgan disease with 
an established etiopathogenic basis in 
immune dysregulation, strategies using 
immunomodulator therapies as adjuncts 
in the management of SSc-PAH have 
garnered some attention. Three categories 
of immunomodulators studied to date are 
(a) immunosuppressive, (b) anti-inflam-
matory, and (c) antiproliferative agents.

A single-institutional, retrospec-
tive cohort study exploring the use of 
immunosuppressive therapy (cyclophos-
phamide, glucocorticoids) previously 
showed no benefits in the SSc-PAH 
population.39 B-cell depletion, on the 
other hand, seems to hold some prom-
ise. A multicenter, placebo-controlled 
trial showed that rituximab is safe and 
well tolerated in SSc-PAH and showed 
a significant improvement in 6MWD 
at 48 weeks. Although the study did 
not meet its a priori established primary 
outcome, it should be noted that the 
study was hampered by poor enrollment 
that forced an alteration of the study 
design midway through the study.40

The antiproliferative agent imatinib, 
a tyrosine kinase inhibitor was shown in 
the IMPRES trial to improve 6MWD 
and hemodynamics among PAH 
patients including SSc-PAH patients; 
however, its utility has been called into 
question due to serious adverse events 
(intracranial hemorrhage).41 The CAT-
ALYST trial (NCT0265735) evaluat-
ing the use of bardoxolone, an NF-κB 
inhibitor and novel anti-inflammatory 
agent, in patients with CTD-PAH had 
to be ended prematurely during the 
COVID-19 pandemic, after prelimi-
nary analyses showed that the study was 
unlikely to meet its primary endpoint of 
6MWD improvement.

Correction of the imbalance in 
transforming growth factor (TGF) β/
BMP signaling appears to hold promise 
in all forms of PAH including SSc-
PAH. While preliminary phase 2 data 
from FK-506 (tacrolimus) use in PAH 
showed favorable safety data, therapeu-

tic efficacy was not significant.42 More 
recently, the PULSAR trial, another 
phase 2 study, evaluated the efficacy for 
sotatercept, a novel TGFβ ligand trap, 
in PAH.43 Sotatercept was shown to 
improve exercise capacity and improve 
pulmonary vascular hemodynamics in 
WSPH group 1 PAH patients that 
included a small number of SSc-PAH 
patients. Sotatercept is now being 
studied in multiple phase 3 studies 
(NCT04576988, NCT04896008, 
NCT04811092), and SSc-PAH patients 
are eligible. The new developments in 
the field of PAH therapeutics are paving 
a promising and imminent path forward 
for a more precise and targeted treat-
ment of SSc-PAH.

Prognosis and Risk Stratif ication
Even though SSc-PAH patients are 
considered WSPH group 1 and their 
current management guidelines are 
similar to those of IPAH patients, the 
treatment response and prognostic 
trends of SSc-PAH patients are very 
different when compared to IPAH 
patients.44 While SSc-PAH is a unique 
pulmonary vasculopathy when compared 
with IPAH, SSc patients have also been 
shown to have impaired RV function 
that is independent of the pulmonary 
vascular load.45 In comparison with 
IPAH, SSc-PAH patients have also 
been shown to have a reduced RV con-
tractile reserve.46,47 Further, RV function 
in SSc-PAH patients does not appear 
to improve when compared with IPAH 
patients, despite the up-titration in PA 
vasodilator therapies over the course of 
the disease.48 Therefore, RV maladap-
tation in SSc-PAH patients is another 
important contributor to the worsened 
morbidity and mortality when compared 
with IPAH patients. While all etio-
pathogenic mechanisms underlying this 
RV dysfunction have not been elucidat-
ed, 2 major mechanisms appear to be (1) 
abnormal increase in myocardial fibrosis 
and (2) diminished myofilament calcium 
sensing and contractile force.38

As previously noted, while there ap-
pear to be some short-term survival im-
provements, SSc-PAH patients continue 
to have a long-term survival disadvan-
tage.17 Clinical experience also suggests 
the presence of multiple SSc-PAH 
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phenotypes, with some “endo-pheno-
types” exhibiting a particularly aggressive 
disease form and others demonstrating 
a more stable clinical course. Early and 
periodic risk assessment could poten-
tially identify those patients at high 
risk for early decompensation.49 The 2 
widely used risk prediction algorithms 
are the Registry to Evaluate Early and 
Long-Term PAH Disease Management 
(REVEAL 2.0) risk calculator and the 
2015 ESC/ERS risk stratification guide-
lines.14,50 The calculator is able to stratify 
PAH patients into low (<5% 1-year 
mortality), intermediate (5%–10% 1-year 
mortality), and high risk (>10% 1-year 
mortality) categories using a number of 
clinical variables.50 The REVEAL 2.0 
risk calculator was originally developed 
for all WSPH group 1 patients and has 
since been validated in an SSc-PAH 
cohort; however, it is limited in its 
ability to predict survival in some of the 
highest risk SSc-PAH patients.49

2. PVOD/PCH
PVOD and PCH are both expressions 
of the same pulmonary vascular dis-
ease which is a subset of WSPH group 
1 PAH (1.6). Of all the CTDs, SSc 
appears to have the strongest associ-
ation with PVOD/PCH. While the 
exact incidence and prevalence in SSc 
patients is unknown, the lc variant 
of SSc seems to have a predilection 
for PVOD. PVOD affects the small 
postcapillary venules, causing a directly 
postcapillary form of PH that can be 
difficult to diagnose.24 The hemody-
namic features noted during RHC are 
like that of an SSc-PAH patient, and 
so it is challenging to differentiate this 
disease from PAH. HRCT imaging 
often reveals signs of PVOD such as 
interlobular septal thickening, centri-
lobular ground glass opacities, medias-
tinal lymphadenopathy, and sometimes 
pleural effusions. PVOD patients also 
tend to exhibit more hypoxemia and a 
significantly lower DLCO.51 Vasodila-
tor therapy often is not tolerated, and 
patients can develop pulmonary edema 
from potent therapies such as ERAs 
and prostanoids. Disease course is 
progressive and fatal, and lung trans-
plantation remains the only definitive 
treatment.

3. SSc-ILD-PH
ILD remains the most common cause 
of death in SSc patients.52 Progressive 
parenchymal fibrosis leads to chronic 
alveolar hypoxia, hypoxic pulmonary 
vasoconstriction, and arteriolar remod-
eling in addition to a progressive loss of 
pulmonary vascular surface area. These 
adverse alterations in the pulmonary 
vasculature lead to elevated pulmonary 
artery pressures and PH. The dc SSc 
patients have a higher predilection for 
the development of ILD.1 The preva-
lence of ILD in SSc is estimated to be 
25%–50%. While the estimated preva-
lence of PH in idiopathic pulmonary fi-
brosis (IPF) is thought to be 30%–50%, 
the exact prevalence of SSc-ILD-PH is 
not known.53 In the DETECT study, 
which included patients with forced vital 
capacity (FVC) > 40% predicted and 
DLCO < 60% predicted, the prevalence 
of SSc-ILD-PH was 6%.12 Despite the 
high prevalence of SSc-ILD, WSPH 
group 3 PH is not as common as SSc-
PAH.54,55 However, the prognosis of 
SSc-PH with ILD is particularly poor 
and likely the worst of any form of SSc-
PH, with an estimated 3-year survival 
rate of 35%.56

Parenchymal abnormalities and 
interstitial changes are widely preva-
lent in SSc patients. The Sixth WSPH 
guidelines on group 3 PH define 
significant parenchymal disease (from 
a PH standpoint) as FVC < 70% 
predicted and CT chest that shows 
extensive parenchymal involvement.57 
Clinical trials of oral or IV PA va-
sodilators have mostly resulted in no 
clinical benefits for patients with all 
forms of ILD-related PH, includ-
ing SSc-ILD-PH patients. Inhaled 
prostacyclins seem to hold particular 
promise in SSc-ILD-PH.58 The major 
advantage of inhaled therapy is direct 
drug delivery to the pulmonary vas-
culature and, more specifically, direct 
delivery through functional or venti-
lating lung tissue without disrupting 
VQ matching. The recently concluded 
INCREASE trial in patients with 
ILD-PH demonstrated that inhaled 
treprostinil improved exercise capaci-
ty when compared with placebo.58 In 
that trial, 22% of the participants had 
underlying CTD, including SSc.

It is important to recognize that, 
before considering inhaled vasodilator 
therapies for the ILD-PH patient, 
the patient's lung disease or hypoxia 
(supplemental oxygen) and possible co-
existing sleep apnea must be addressed 
first. Similarly, disease-modifying im-
munosuppression with mycophenolate 
mofetil or cyclophosphamide may be 
used to prevent further limit inflam-
mation and progression of pulmonary 
fibrosis.59,60 The SENSCIS study 
demonstrated the efficacy of nintedanib 
either in isolation or in combination 
with immunosuppressive therapies in 
decreasing the rate of progression of 
SSc-ILD.61 There is now an emerging 
role of IL-6 inhibition (tocilizumab) 
in the management of SSc-ILD.62,63 
Prevention of progression of fibrosis 
directly slows down the rate of loss of 
pulmonary vascular surface area and 
may impact the progression of PH in 
this disease group. Once ILD manage-
ment has been optimized, it is reason-
able to evaluate and treat residual PH, 
as discussed below.

Given the high prevalence of some 
degree of ILD in almost all patients 
with SSc, differentiating group 1 from 
group 3 disease can be particularly 
challenging. Often, patients present with 
significant pulmonary vascular disease in 
the background of extensive ILD. These 
patients would benefit from being cared 
in pulmonary vascular disease programs 
with experience in managing SSc-PH 
patients. In Figure 2 and Table 2, we 
highlight our approach to the manage-
ment of an SSc patient with suspected 
PH.

4. SSc-Associated LV Myocardial 
Dysfunction-Related PH (SSc-LVD-PH)
SSc can lead to myocardial fibrosis and 
LV dysfunction resulting in pulmonary 
venous congestion and subsequent 
WSPH group 2 PH.10,37 These patients 
exhibit an elevated PCWP on RHC, 
in addition to an elevated mPAP. 
In addition to primary myocardial 
inflammation and fibrosis, microvas-
cular coronary disease in SSc may also 
contribute to myocardial damage.64 
The prevalence of cardiac involve-
ment is estimated to be 50%–80% on 
autopsy studies; however, clinical heart 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-20-03-05  Page 76  PDF Created: 2021-7-23: 9:22:AM

76	 Advances in Pulmonary Hypertension	 Volume 20,  Number 3; 2021	

failure symptoms are less common.65 
Diastolic dysfunction leading to heart 
failure with preserved ejection fraction 
(HFpEF) is the predominant presenta-
tion of cardiac involvement in SSc on 
echocardiography, estimated to affect 
20%–45% of patients.7,66 Occult LV 
dysfunction is also often unmasked 
during the management of precapil-
lary PH in SSc patients, often when 
assessing response to PA vasodilator 
therapies.66

There are currently no SSc-LVD-PH-
specific guidelines outside of volume 
management, diuretic therapy, and 
periodic monitoring for the develop-
ment of superadded pulmonary vascular 
disease later in the disease course. The 
ongoing research in the field of HFpEF 
therapeutics could soon yield adjunctive 
therapies for the management of SSc-
LVD-PH patients.

OVERVIEW OF THE 
MANAGEMENT OF THE SSC 
PATIENT WITH SUSPECTED PH
Treatment of PH in an SSc patient can 
be quite challenging given the coexis-
tence of different and competing phe-
notypes of pulmonary vascular disease, 
heterogeneity of disease progression, 
and treatment response. In our experi-
ence, there are 3 essential principles for 
managing PH in the SSc population:

(1) Identifying the appropriate pheno-
type is important, and often utilizing an 
expert PH and ILD center with experi-
ence in the management of these patients 
is helpful (Figure 2). In our experience, 
one of the most challenging aspects 
of caring for SSc patients with PH is 
accurate phenotyping. As was highlighted 
earlier, identifying significant pulmonary 
vascular disease that is “layered” on top of 
the background ILD can be an incredibly 

challenging endeavor.67,68 While there 
has been important work done in this 
area, we use an approach similar to that 
highlighted by Forfia et al67 to differen-
tiate the SSc-ILD/chronic obstructive 
pulmonary disease patient with signifi-
cant pulmonary vascular disease from the 
SSc-ILD-PH patient (Table 2).

(2) Risk stratification at baseline and 
follow-up visits is important to mon-
itor response to therapy and also for 
consideration of early referral for lung 
transplantation in nonresponders. It is 
important to note that the current risk 
stratification algorithms are validated 
for use in SSc-PAH patients and are not 
validated for use in other phenotypes of 
PH in the SSc population.

(3) Lack of improvement in the qual-
ity of life with therapy should prompt 
reconsideration of the phenotype of 
PH. Use of PA vasodilators currently is 

Figure 2: Systemic sclerosis-associated pulmonary hypertension (SSc-PH) algorithm. Proposed approach to screening, diagnosis, subgroup 
classification, and management of SSc-PH patients. *Clinical findings suggestive of PH may include progressive dyspnea, exercise intolerance, 
signs of right heart failure on exam, loud P2, electrocardiogram with right ventricle strain, elevated B-type natriuretic peptide, or reduced 
6 minute walk distance. CI: cardiac index; Cp-PH: combined precapillary and postcapillary PH; DLCO: diffusion capacity of the lung for 
carbon monoxide; ERA: endothelin receptor antagonist; FVC: forced vital capacity; GDMT: guideline-directed medical therapy; HRCT: high-
resolution computed tomography; Ipc-PH: isolated postcapillary PH; ILD: interstitial lung disease; mPAP: mean pulmonary artery pressure; 
PCA: prostacyclin agonist; PCWP: pulmonary capillary wedge pressure; PDE5i: phosphodiesterase type V inhibitor; PVR: pulmonary vascular 
resistance; WSPH: World Symposium on Pulmonary Hypertension; WU: Woods units. Adapted with permission of the © ERS 2021.57
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reserved for treatment in the SSc-PAH 
population, while inhaled vasodilators 
seem to hold promise for the man-
agement of SSc-ILD-PH. Use of PA 
vasodilators in the other phenotypes 
of PH in the SSc population is not 
encouraged outside of clinical trials at 
this time.

SUMMARY
SSc-PH comprises multiple pheno-
types, and an accurate identification of 
the phenotype of pulmonary vascular 
disease is critical to the successful man-
agement of these patients. Screening is 
important to identify patients at an ear-
ly stage to be able to effectively delay or 
prevent the progression to RV failure. 
SSc-associated pulmonary vascular 
disease is unique, and novel therapeutic 

targets could lead to a more tailored 
approach to treating this challenging 
group of patients.
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