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Abstract

Connective tissue diseases (CTDs) can be associated with various forms of

pulmonary hypertension, including pulmonary arterial hypertension (PAH),

pulmonary veno‐occlusive disease, pulmonary venous hypertension, intersti-

tial lung disease‐associated pulmonary hypertension, chronic thromboembolic

pulmonary hypertension, and sometimes a combination of several processes.

The prevalence of PAH varies among the different CTDs, with systemic

sclerosis (SSc) having the highest at 8%–12%. The most recent European

Society of Cardiology/European Respiratory Society guidelines recommend

routine annual screening for PAH in SSc and CTDs with SSc features. As CTDs

can be associated with a myriad of presentations of pulmonary hypertension, a

thorough evaluation to include a right heart catheterization to clearly

delineate the hemodynamic profile is essential in developing an appropriate

treatment plan. Treatment strategies will depend on the predominant

phenotype of pulmonary vasculopathy. In general, management approach to

CTD‐PAH mirrors that of idiopathic PAH. Despite this, outcomes of CTD‐
PAH are inferior to those of idiopathic PAH, with those of SSc‐PAH being

particularly poor. Reasons for this may include extrapulmonary manifestations

of CTDs, including renal disease and gastrointestinal involvement, concurrent

interstitial lung disease, and differences in the innate response of the right

ventricle to increased pulmonary vascular resistance. Early referral for lung

transplant evaluation of patients with CTD‐PAH, particularly SSc‐PAH, is

recommended. It is hoped that in the near future, additional therapies may be

added to the armamentarium of effective treatments for CTD‐PAH.

Ultimately, a better understanding of the pathogenesis of CTD‐PAH will be

required to develop targeted therapies for this morbid condition.
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INTRODUCTION

Connective tissue diseases (CTDs) are a heterogeneous
group of systemic autoimmune rheumatic diseases that
can affect multiple organ systems.1 The CTDs include
multiple disorders, such as rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), systemic sclerosis
(SSc), polymyositis/dermatomyositis (PM/DM), mixed
connective tissue disease (MCTD), Sjogren's syndrome,
and various systemic vasculitides.2 These disorders are
characterized by immune dysregulation and resultant
disease‐specific autoantibody production.1 CTDs fre-
quently affect the cardiopulmonary system, with respira-
tory manifestations being the most common cause of
death in many of these disorders.2 Patients with CTD are
at a substantially higher risk for the development of
pulmonary hypertension (PH) than the general popula-
tion, including pulmonary arterial hypertension (PAH), a
rare progressive disorder that affects pre‐capillary vascu-
lature and can lead to right heart failure and death.3

Despite being included in Group 1 PAH classification,
patients with CTD‐PH may have processes other than
primary pulmonary vasculopathy contributing to the
pathogenesis of disease, including interstitial lung
disease (ILD), diastolic heart failure and chronic
thromboembolic disease (CTEPH), which can affect
approach to treatment. Furthermore, the histopathologic
manifestations, prevalence and prognosis of PH, and
approach to treatment differ amongst the various CTDs.
Moreover, gastrointestinal involvement in some CTDs
can impact the tolerability of pulmonary vasodilator
therapy and impact treatment choices. In this review, we
hope to shed light on the nuances of evaluating and
treating CTD‐PH in all its various forms.

HOW IS PULMONARY
HYPERTENSION DEFINED AND
CATEGORIZED? WHERE DO CTDs
FIT INTO THE CATEGORIZATION?

PH is defined and categorized based on hemodynamic
profiles obtained by right heart catheterization (RHC).
For many years, a mean pulmonary artery pressure
(mPAP) ≥ 25mmHg was the threshold for diagnosing
PH; however, in the last decade, this definition has
evolved.4 In 2018, the sixth World Symposium on
Pulmonary Hypertension revised the definition of PH
to a mPAP > 20mmHg.5 Additionally, a requirement of a
pulmonary vascular resistance (PVR) ≥ 3 Wood units to
establish a diagnosis of “pre‐capillary” PH was added.5

More recently, the European Society of Cardiology
(ESC)/European Respiratory Society (ERS) has released

guidelines on the diagnosis and treatment of PH which
have further modified the definition of pre‐capillary PH
by decreasing the PVR threshold to ≥2 Wood units.6 In
addition, the ESC/ERS guidelines provide a hemo-
dynamic definition for exercise‐induced PH (mPAP/
cardiac output slope >3mmHg/L/min from rest to
exercise; Table 1).6 Whether the upcoming seventh
World Symposium on Pulmonary Hypertension will
uphold this definition is unknown.

The WHO organizes PH into five clinical subgroups
in an attempt to combine conditions with similar
pathophysiologic mechanisms, hemodynamic profiles,
clinical presentations, and treatment strategies.5 The
categories are as follows: Group 1—PAH; Group 2—PH
due to left heart disease (LHD); Group 3—PH due to lung
diseases and/or hypoxia; Group 4—PH due to pulmonary
artery obstructions; and Group 5—PH with unclear and/
or multifactorial mechanisms.5 Patients with CTDs can
develop PH that falls into any of the five WHO Groups,
although the propensity to cause a particular type of PH
varies among individual CTDs. For instance, SSc is
commonly associated with WHO Group 1 PAH, but can
also be associated with PH due to LHD (Group 2), PH due
to lung disease (Group 3), PH due to CTEPH (Group 4),
or PH from end‐stage renal disease (Group 5), or a
combination of above.

Although all forms of CTD‐PAH are lumped together
in the WHO PH classification, it is worth recognizing
that the individual conditions vary widely in their
predilection to Group 1 PAH, propensity for concurrent

TABLE 1 Updated hemodynamic definitions of pulmonary
hypertension according to the 2022 ESC/ERS pulmonary
hypertension guidelines.

Definition Characteristics

Pulmonary
hypertension

mPAP > 20mmHg

Pre‐capillary PH mPAP > 20mmHg
PVR> 2 WU
PAWP ≤ 15mmHg

Isolated post‐
capillary PH

mPAP > 20mmHg
PVR< 2 WU
PAWP> 15mmHg

Combined pre‐ and
post‐capillary PH

mPAP > 20mmHg
PVR> 2 WU
PAWP> 15mmHg

Exercise PH mPAP/CO slope between rest and
exercise > 3mmHG/L/min

Abbreviations: CO, cardiac output; ESC, European Society of Cardiology;
ERS, European Respiratory Society; mPAP, mean pulmonary artery
pressure; PAWP, pulmonary artery wedge pressure; PH, pulmonary
hypertension; PVR, pulmonary vascular resistance; WU, Wood units.
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ILD, response to immunosuppression, and prognosis.
SSc, in particular, is phenotypically different from other
CTDs.7

One could reasonably argue that SSc‐PAH merits a
dedicated category of its own within the WHO definition.

IS CTD ‐PAH COMMON? WHAT IS
THE PREVALENCE OF PAH
AMONGST THE VARIOUS CTDS?

PAH is a relatively rare disorder, with an estimated
prevalence of 5–15 cases per one million adults.8–10

Amongst this rare disorder, CTD‐PAH is commonly
encountered, however, accounting for approximately one
quarter of cases.8,10 PAH may develop in any of the
CTDs, but the prevalence appears to vary widely between
disorders. Data regarding the prevalence of PAH
development in the various CTDs is limited. Estimates
vary substantially depending on the specific population
studied, the duration of time they were followed, and
whether RHC was required for diagnosis. SSc accounts
for the majority of cases of CTD‐PAH in Europe and
North America despite the lower prevalence of SSc
compared to other CTDs. PAH is estimated to occur in
8‐12% of patients with SSc.11–14 Patients with limited
cutaneous SSc (lcSSc) have a higher incidence of PAH
than those with diffuse cutaneous SSc (dcSSc).15 In Asia,
SLE‐PAH appears to be more common than SSc‐PAH.15

This is in part due to a higher prevalence of SLE than SSc
in Asia, but also seems to be related to a predilection of
Asians with SLE to develop SLE‐PAH.15 Estimates from
Western countries report SLE‐PAH rates of approxi-
mately 0.1%,7,16,17 which is in contrast to a rate of 2.06%
observed in 11,735 SLE patients from an Asian registry.14

Development of PAH is thought to be much less common
in other CTDs. The best available data come from a
national health insurance database in Taiwan which
reported the development of PAH in 0.22% of 17,316
Sjogren's syndrome patients, 0.33% of 1811 myositis

patients, and 0.04% of 32,296 RA patients.14 MCTD
patients were not included in this report; however, a
nationwide multicenter cohort of patients with MCTD
from Norway reported PAH in 3.4% of 147 patients.18

Prevalence of PAH in MCTD is difficult to elucidate due
to misclassification of patients with “overlap syndromes”
as MCTD. Patients with MCTD with prominent features
of SSc have a higher prevalence of PAH than “pure”
ribonucleoprotein (RNP)‐positive MCTD.15 How the new
definition of PAH will affect the prevalence of CTD‐PAH
remains to be determined. Two cohort studies found that
less than 2% of patients with SSc were reclassified as
having PAH following the decrease in mPAP to
≥20mmHg proposed by the sixth World Symposium.19,20

However, a substantial number of patients in these
studies would be reclassified as having PAH if the new
ESC/ERS definition incorporating a PVR > 2 Wood units
is applied.17,18 Table 2 summarizes the epidemiology of
PAH in the various CTDs.

IS THE PROGNOSIS OF CTD ‐PAH
DIFFERENT FROM IDIOPATHIC
PAH? IF SO, WHY?

Numerous studies have established that CTD‐PAH is
associated with a worse prognosis than idiopathic PAH
(iPAH).7,16,21 Patients with SSc constitute a majority of
CTD patients included in several drug trials and
registries. An analysis of the REVEAL registry compared
the outcomes of 1251 patients with iPAH to 641 patients
with CTD‐PAH.7 Despite having more favorable hemo-
dynamic profiles, patients with CTD‐PAH had lower
6‐min walk test distances, higher B‐type natriuretic
peptide levels, and lower diffusing capacity of carbon
monoxide (DLCO) levels. One‐year survival and freedom
from hospitalization were significantly lower in the CTD‐
PAH population than in the iPAH population (86% vs.
93%, p< 0.0001; 67% vs. 73%, p< 0.03, respectively).7 A
recent meta‐analysis compared outcomes in CTD‐PAH

TABLE 2 Characteristics of various connective tissue diseases with regard to pulmonary hypertension.

SSc SLE MCTD Sjogren's Myositis RA

Estimated
prevalence of RHC confirmed PAH

8%–14% 0.1%–2% (Higher in Asian cohorts) 1%–3% 0.2% 0.3% 0.04%

Other associated WHO PH groups 1 (PVOD)
2, 3, 4, 5

2, 3, 4, 5 3 3 2, 3 2, 3

Predilection to ILD lSSC: +
dSSC: ++

+ ++ ++ +++ +

Abbreviations: dSSc, diffuse systemic sclerosis; ILD, interstitial lung disease; lSSC, limited systemic sclerosis; MCTD, mixed connective tissue disease; PAH,
pulmonary arterial hypertension; PH, pulmonary hypertension; PVOD, pulmonary veno‐occlusive disease; RA, rheumatoid arthritis; SS, Sjogren's syndrome;
SLE, systemic lupus erythematosus; SSc, systemic sclerosis; WHO, World Health Organization.
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versus iPAH from 11 randomized controlled trials of
pulmonary vasodilator therapy.22 The authors found that
while pulmonary vasodilator therapy was effective in
improving outcomes in CTD‐PAH patients, survival in
CTD‐PAH remained inferior to iPAH (62% vs. 72% 3‐year
survival). Despite the inferior outcomes noted in CTD‐
PAH patients, it was encouraging to see that CTD‐PAH
patients from trials after 2010 had improved outcomes.22

A similar analysis of RCT data found patients with CTD‐
PAH treated with pulmonary vasodilator therapy had
less improvement in 6MWT distance and a higher rate of
clinical worsening compared to iPAH patients.23

Among the various CTDs, SSc is consistently associ-
ated with the worst outcomes. Data from the REVEAL
registry demonstrated a 1‐year survival rate of only 82%
for SSc‐PAH compared to 94% for SLE‐PAH and 96% for
RA‐PAH.7 Epidemiologic data from a cohort of Taiwan-
ese patients demonstrated inferior 5‐year survival in SSc‐
PAH (61.9%) compared to SLE‐PAH (69.4%) and
Sjogren's‐PAH (80.6%).14 Outcomes of SLE‐PAH vary
regionally with better outcomes in Western compared to
Asian cohorts.14,17 The lone exception to the superior
outcomes of other CTDs in comparison to SSc may be
MCTD which was associated with a 1‐year survival of
88% in the REVEAL registry, similar to the 1‐year
survival of 82% in SSc.7 Additionally, data from the
United Kingdom registry showed poor 3‐year survival of
63% for MCTD‐PAH, which is markedly worse than
other forms of CTD‐PAH.16

PAH is not the only form of PH associated with
adverse outcomes. Bourji and colleagues reported that
patients with SSc who had WHO Group 2 PH due to
heart failure with a preserved ejection fraction (PH‐
HFpEF) had a similar median survival to patients with
SSc‐PAH.24 Furthermore, this group of patients had a
twofold increased risk of death when controlling for
hemodynamics. Dong et al. found similar results among
a group of 202 patients with different types of CTDs, of
whom only approximately 10% had SSc. CTD patients
with WHO Group 2 PH had worse short‐term survival
but comparable 5‐year survival to those with CTD‐
PAH.25 WHO Group 3 PH due to ILD is also associated
with poor outcomes. In fact, patients with PH associated
with severe SSc‐ILD have a dismal 3‐year survival rate of
39%, which is worse than patients with SSc‐PAH without
ILD.11 A retrospective study of 75 patients with various
forms of CTD‐ILD found PH to be the most important
predictor of mortality (odds ratio [OR] 14.4, p= 0.006).26

The reason for the disparity in outcomes between
CTD‐PAH and iPAH is incompletely understood but
many potential reasons have been proposed. Perhaps
extrapulmonary manifestations of CTD, including gas-
trointestinal disease and renal insufficiency, contribute to

morbidity or lead to decreased tolerance of PAH‐targeted
therapy. Concurrent ILD may also have impacted
outcomes in the CTD‐PAH population as it is well
associated with reduced survival.11 Pulmonary veno‐
occlusive disease (PVOD) can complicate various forms
of CTD and is commonly reported in autopsy data from
SSc‐PAH patients.27 Additionally, mixed pre‐ and post‐
capillary PH due to HFpEF can complicate CTDs and
affect response to pulmonary vasodilator therapy.24

While the above factors may contribute in part to the
inferior outcomes observed in CTD‐PAH, it seems likely
that phenomena inherent to CTD are also at play. It has
been hypothesized that patients with CTD‐PAH have
reduced endothelial metabolic function and a reduced
functional capillary surface area comparison to iPAH
patients.28 There also seem to be differences in RV
adaptation to increases in pulmonary vascular resistance.
Despite controlling for confounders, N‐terminal pro‐B‐
type natriuretic peptide (NT‐proBNP) levels are higher in
SSc‐PAH compared with iPAH.29 In fact, functional and
structural alterations of the RV, including collagen
deposition and fibrosis, are observed in patients with
SSc even before the onset of PAH.30 In summary, there
are multiple potential reasons for the increased mortality
observed in CTD‐PAH, some of which are attributable to
differences in the pulmonary vascular and right ventric-
ular response to pulmonary hypertension.

WHAT CAUSES PULMONARY
HYPERTENSION TO DEVELOP
IN CTDS?

The mechanisms leading to the development of PH in
CTDs are complex and incompletely understood. As in
iPAH, endothelial dysfunction results in reduced pro-
duction of pulmonary vasodilators, increased production
of pulmonary vasoconstrictors, and upregulation of
proliferative mediators which increase vascular tone
and cause remodeling of vessels.31 Inflammation and
autoimmunity likely contribute as well; this is supported
by a histopathologic study that demonstrated deposition
of immunoglobulins and complement in pulmonary
arterial walls from patients with SLE‐PAH.32 Immune
dysregulation due to diminished regulatory T‐cell activity
may lead to the activation of autoreactive B and T cells
with resultant pathogenic autoantibody production.33

The role of inflammation appears to be less important in
the pathogenesis of SSc‐PAH and possibly MCTD‐PAH.
Biopsy specimens from these conditions show fibrinous
intimal thickening of medium‐sized arteries and small
vessels. This is in contrast to SLE‐PAH, which is
characterized by plexiform lesions similar to those found
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in iPAH.32 These differences in the degree of inflamma-
tion seen in SSc‐PAH may explain why immuno-
suppressive therapies have shown little success in SSc‐
PAH. Genetic abnormalities appear to be less common in
CTD‐PAH than in iPAH; however, they may have a role
in some cases. In a recent analysis of 79 patients with
CTD‐PAH assessed for a PAH‐specific panel of 35 genes,
abnormalities were found in 9 patients (11.4%).34 LV
dysfunction, which commonly occurs in CTDs, may lead
to pulmonary venous hypertension. Pulmonary veno‐
occlusive lesions have been described in a variety of
CTDs and are fairly commonly encountered in autopsies
of SSc‐PAH patients.27 Finally, ILD may result in
obliteration of the pulmonary vascular bed and hypoxe-
mic pulmonary vasoconstriction. It should be noted,
however, that these mechanisms alone do not adequately
explain the development of WHO Group 3 PH. It is likely
that endothelial dysfunction, autoimmunity, and inflam-
mation are integral to the development of Group 3 PH as
well.35

WHAT ARE THE
CHARACTERISTICS OF THE
VARIOUS CTDS? WHAT TYPES
OF PH COMMONLY MANIFEST
IN EACH?

Systemic sclerosis or scleroderma

SSc is a systemic autoimmune rheumatic disease
characterized by fibrosis, vasculopathy, and inflamma-
tion. It is classified into three subtypes based on the
presence and extent of skin involvement.36 Patients with
lcSSchave skin thickening of the fingers, and in some
cases, the face and distal extremities. Patients with dcSSc
by definition have skin thickening that involves the
upper arms, thighs, chest, and/or abdomen. They also
commonly have skin thickening distal to the elbows and
distal to the knees. Facial skin thickening can be present
in both lcSSc and dcSSc. SSc patients without skin
thickening are classified as “scleroderma sine sclero-
derma.”36 Raynaud phenomenon affects greater than
95% of SSc patients and can precede the development of
other SSc manifestations by months to years.37 SSc can
also “overlap” with other rheumatologic diseases, includ-
ing SLE, RA, myositis, and Sjogren's. ILD is most
common in patients with the diffuse cutaneous subtype
and in those who are positive for the anti‐topoisomerase I
antibody (also known as the anti‐Scl‐70 antibody). Some
degree of ILD is present in greater than 50% of patients
with SSc, but only 30% develop progressive pulmonary
fibrosis (PPF).38 PAH is more commonly associated with

the limited cutaneous subtype than the diffuse cutaneous
subtype and is more likely to develop in those who are
positive for the anti‐centromere antibody; however, PAH
can develop in both subtypes and in those who are
negative for the anti‐centromere antibody.36

Numerous etiologies can lead to the development of
PH in SSc. In fact, all five WHO PH groups have been
implicated in the development of SSc‐PH. The epide-
miology of WHO Group 1 PAH has been discussed
extensively above. PVOD is a rare form of PAH caused by
occlusive thickening of pulmonary veins and venules.
PVOD lesions have been described in up to 75% of
autopsies from patients with SSc‐PAH, but overt,
clinically manifest PVOD is much less common.27

Despite the identical hemodynamic profile between
PVOD and PAH, patients with PVOD develop hypoxemia
due to pulmonary edema when treated with pulmonary
vasodilator therapy. PVOD should be considered in any
patient with suspected SSc‐PAH who clinically deterio-
rates when pulmonary vasodilator therapy is initiated.
Given the poor prognosis of SSC‐PVOD, early lung
transplant referral in this population is warranted.39

Cardiac involvement is common in SSc, with an
estimated prevalence of clinically overt disease of
7%–39%.40,41 Myocardial disease may develop from SSc‐
related fibrosis or microvascular disease as well as from
traditional risk factors, including coronary artery disease
and systemic hypertension.39 Echocardiographic studies
found that approximately 25% of SSc patients had
diastolic dysfunction and approximately 5% had a
reduced ejection fraction.42,43 Avouac and colleagues
performed RHC on 206 patients with suspected SSc‐PH.
Among 83 patients with hemodynamically confirmed
PH, 17 (8.3%) had Group 2 disease from LHD.44 It should
be noted that patients with SSc‐PAH may have concur-
rent PH‐LHD. A retrospective study comparing SSc‐PAH
to iPAH found concurrent diastolic dysfunction in 33% of
SSc‐PAH patients compared to 10% of iPAH patients.45

SSc‐PH‐LHD may also masquerade as SSc‐PAH. Fox
et al. found that following a provocative fluid challenge
during RHC, 11 of the 29 patients originally diagnosed
with SSc‐PAH were reclassified as SSc‐PH‐LHD.46

PH‐ILD is also frequently encountered in the SSc
population. As mentioned previously, the majority of
patients with SSc have some degree of ILD and 30% go on
to develop PPF.38 Risk factors for development of SSc‐
ILD include male sex, older age at disease onset, Black
race, anti‐topoisomerase‐I antibody positivity, and the
diffuse cutaneous subtype.39 Differentiation between SSc‐
PAH and SSc‐PH‐ILD is somewhat arbitrary as both
disease states have precapillary hemodynamic profiles.
The prevalence of SSc‐PH‐ILD is poorly characterized.
One large cohort study found that of 93 patients with
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SSc‐ILD, 29 (31.2%) had RHC‐proven PH.47 SSc‐PH‐ILD
is associated with very poor survival. A meta‐analysis
reported a 3‐year survival of only 35% for SSc‐PH‐ILD
compared to 56% in SSc‐PAH.48

CTEPH, that is, WHO Group 4 PH, can develop in
patients with SSc and should be excluded in all patients
with SSc‐PH as part of their evaluation. Patients with
scleroderma renal crisis can progress to end‐stage renal
disease and develop WHO Group 5 PH. Both processes
are relatively uncommon but round out the myriad
potential etiologies of PH complicating SSc.

Systemic lupus erythematosus

SLE is a systemic autoimmune rheumatic disease that is
associated with multiple autoantibodies, can have varia-
ble clinical presentations, and can affect virtually any
organ system. Constitutional symptoms, arthralgia and
arthritis, and rash are common. Diagnosis can be
challenging given the myriad and protean clinical
manifestations which can be present. The 2019 European
Alliance of Associations of Rheumatology (EULAR)/
American College of Rheumatology (ACR) classification
criteria require the presence of a positive antinuclear
antibody (ANA) in combination with weighted clinical
domains to establish a diagnosis.49 Although pleural
involvement in SLE is frequent, other forms of lung
involvement, such as acute pneumonitis, ILD, PH,
shrinking lung, and hemorrhage, are much less
common.50 Much like SSc, PH can manifest in SLE in
a variety of ways that span the five WHO PH groups. As
mentioned earlier in the manuscript, SLE‐PAH can be
observed—albeit rarely—in Western populations and is
more frequent in Asian populations.7,14,16,17 Not surpris-
ingly, the development of SLE‐PAH is associated with
decreased survival in comparison to SLE patients without
PAH.17,51

Cardiovascular disease commonly complicates SLE and
may lead to WHO Group 2 PH. Atherosclerotic coronary
artery disease, myocarditis, pericarditis, valvular disease,
and heart failure can all be observed.52 The estimated
prevalence of heart failure in SLE ranges from 1% to
10%.53–55 SLE‐associated ILD occurs in 3%–9% of patients.50

Risk factors for the development of ILD include older age,
longer duration of disease, RNP positivity, and clinical
overlap with features of SSc including Raynaud phenome-
non, abnormal nailfold capillaries, and sclerodactyly.50,56,57

SLE‐PH‐ILD can develop, but the incidence of this is not
well known. CTEPH (WHO Group 4) may occur in patients
with secondary antiphospholipid antibody syndrome,
which markedly increases the predilection to thrombo-
embolism. Patients with SLE‐PH with or without secondary

antiphospholipid antibody syndrome should be screened
for CTEPH. Testing for antiphospholipid antibody syn-
drome should be checked for in all patients with
unprovoked venous thromboembolism or CTEPH.58

Finally, SLE patients can develop lupus nephritis which
can result in end‐stage renal disease that could lead to
development of WHO Group 5 PH.

Mixed connective tissue disease

MCTD is a systemic autoimmune rheumatic disease
characterized by a positive U1‐RNP antibody, some
combination of Raynaud phenomenon, puffy hands,
sclerodactyly, synovitis, and myositis, and overlapping
features of SLE, SSc, RA, and idiopathic inflammatory
myopathy.59 Given the variable presentation as well as
multiple existing and somewhat contradictory diagnostic
criteria, the diagnosis can be elusive.60,61 It should be
noted while MCTD may have features of SLE, SSc, RA, or
idiopathic inflammatory myopathy, it is a distinct clinical
entity. Nearly any organ system may be involved,
although severe renal disease and severe central nervous
system involvement are uncommon.62 Joint involvement
is common and may be erosive.63 Esophageal dysmotility
is also frequently present.64 As mentioned above, large
nationwide series report that MCTD‐PAH is relatively
uncommon with an estimated prevalence of around 3%.18

Other series estimate it to be more common with longer
follow‐up time. For example, a cohort study from
Hungary found that 18% of patients with MCTD
developed PAH after 14.5 years of follow‐up.65 PH is an
important cause of mortality in patients with, although
studies have shown that patients with CTD‐PAH who are
U1‐RNP positive have better survival than those who are
U1‐RNP negative.66,67 ILD commonly complicates
MCTD with an estimated 50%–70% having CT evidence
of parenchymal lung involvement.59 Patients with
MCTD‐ILD may develop Group 3 PH, although the
prevalence is poorly defined. Symptomatic cardiac
disease can develop in approximately one third of MCTD
patients.68 Rates of diastolic dysfunction in patients with
MCTD are higher than in age‐ and sex‐matched controls,
so Group 2 PH is a potential complication but so far has
not been frequently reported.68

Sjogren's syndrome

Sjogren's is a systemic autoimmune rheumatic disease
characterized by ocular and oral dryness due to lacrimal
and salivary gland dysfunction, respectively.69 Sjogren's
may occur as a primary disorder or secondary to another
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CTD. In addition to experiencing keratoconjunctivitis
sicca and xerostomia from exocrine gland involvement,
patients may also have symptoms related to extragland-
ular organ involvement.69 For example, they may
develop arthralgias, xerosis with resultant pruritis,
peripheral neuropathy, tubulointerstitial nephritis, and
lymphoma. Cardiac involvement is rare. ILD occurs in
approximately 20% of patients and is associated with
substantial morbidity and mortality.70 PH complicating
Sjogren's primarily manifests as either PAH or Group 3
PH. Sjogren's‐PAH is rare, with a reported prevalence of
<1%.14 The prevalence of Group 3 PH in the context of
Sjogren's‐ILD is not well known.

Polymyositis/dermatomyositis

Polymyositis and dermatomyositis are types of idiopathic
inflammatory myopathies, a heterogeneous group of
autoimmune disorders characterized by muscle inflam-
mation.71–73 Patients with dermatomyositis, unlike those
with polymyositis, have skin involvement. In addition,
some patients with dermatomyositis have no clinically
apparent muscle involvement (so‐called clinically amyo-
pathic dermatomyositis). There are several different
myositis‐specific and myositis‐associated antibodies that
have particular clinical associations. For example, the
anti‐synthetase antibodies (Jo‐1, PL‐7, PL‐12, EJ, OJ, KS,
Ha, and Zo) and anti‐MDA5 antibody are associated with
ILD; anti‐SRP with treatment‐resistant necrotizing
myopathy; and anti‐TIF‐1gamma with malignancy.74

ILD occurs in up to 40% of patients with polymyositis
or dermatomyositis and in some cases may be rapidly
progressive. Group 3 PH can complicate myositis‐
associated ILD, but the prevalence is poorly delineated.
Based on the published literature PAH seems to be rare,
and it is unclear what proportion of patients diagnosed
with PAH actually instead have Group 3 PH due to
ILD.14 Approximately 10% of patients with idiopathic
inflammatory myopathies develop clinically evident
cardiac disease.75 Both replacement cardiac fibrosis and
myocarditis may occur and could potentially result in
Group 2 PH from LHD.75

Rheumatoid arthritis

RA is a systemic autoimmune rheumatic disease
characterized by arthralgia, synovitis, and morning‐
predominant stiffness in the joints. It is relatively
common, affecting 1.0% of the adult US population.76

Symmetric arthritis of the small joints of the hands,
wrists, and feet is the typical pattern, although medium

and large joints can be involved as well. Patients typically
have elevated inflammatory markers as well as a positive
rheumatoid factor and/or anti‐cyclic citrullinated peptide
antibody. PH can manifest in RA in several ways. RA is
associated with both ischemic heart disease and HFpEF
and can therefore cause Group 2 PH.77 ILD complicates
between 7.7% and 67% of cases of RA and is a leading
cause of mortality and the second leading cause of death
in patients with RA.78 Group 3 PH due to RA‐ILD is
likely the most common cause of PH encountered in RA
given the prevalence of ILD. PAH secondary to RA has
been reported but the incidence is low.14,79

SHOULD YOU SCREEN FOR PAH
IN CTD? IF SO, HOW?

Given the varying risk for the development of PAH in
CTD, recommendations on screening for PAH in CTD
also vary based on the underlying disease process. The
morbidity and mortality of PAH in SSc and SSc spectrum
disorders (i.e., other CTDs with scleroderma features) is
high and multiple studies have demonstrated that
systematic screening in these patients has resulted in
earlier diagnosis and improved survival.6,80–82 The most
recent WSPH and ESC/ERS guidelines recommend
screening all asymptomatic patients with SSc spectrum
diseases for PAH.5,6

Several different screening algorithms have been
studied, with most international guidelines recommending
the use of the DETECT algorithm in patients with a
diagnosis of SSc for >3 years, a DLCO> 60%, and an
FVC ≥ 40%. The DETECT algorithm is a two‐step diagnos-
tic algorithm in which the total score determines the need
for RHC. Step 1 of DETECT incorporates FVC/DLCO ratio,
anti‐centromere antibody status, presence/absence of tel-
angiectasias, serum urate, NTproBNP, and right axis
deviation on ECG to determine the need for an echo-
cardiogram. Step 2 incorporates the echocardiographic
variables of right atrial enlargement and TR jet velocity to
then determine the need for RHC. The DETECT screening
algorithm demonstrated a much lower false negative rate of
PAH diagnosis of 4% compared to 29% with the use of the
2015 ESC/ERS guidelines alone. Notably, the DETECT
study also demonstrated that the use of the TR jet velocity
or presence of dyspnea could not reliably discriminate
between the absence or presence of PAH in SSc patients.83

Another screening algorithm was developed by the
Australian Scleroderma Interest Group (ASIG) which
utilizes NT‐proBNP, DLCO, and FVC/DLCO for determin-
ing the need for echocardiogram and RHC.82,84 A
comparison study by Hao et al. demonstrated that both
the DETECT and ASIG algorithms had equivalent
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sensitivity and negative predictive value for detecting
SSc‐PAH and both algorithms outperformed the 2009
ESC/ERS guidelines.85 Although the simplicity of the
ASIG algorithm is attractive, the decreased systematic
use of RHC and the smaller size of the ASIG study cohort
make it a less robustly validated tool compared to the
DETECT algorithm.86 As these DETECT and ASIG
screening algorithms were validated using an mPAP
cutoff of ≥25 and PVR> 3, it is unknown if they will
remain effective in patients in the context of the recently
updated diagnostic criteria.6,87 Figure 1 shows the
DETECT and ASIG algorithms.

A study by Huang et al. also identified several risk
factors for PAH development in SLE including the
presence of ILD, absence of a skin rash, presence of a
pericardial effusion, positive anti‐SSA and anti‐RNP
antibodies, low disease activity and ESR, and high serum
uric acid.88 MCTD accounts for the second most common
form of CTD‐PAH; however, there remains little data on
risk factors for the development of PAH in this
population. More studies are needed to recommend
screening in asymptomatic patients with forms of CTD
other than SSc and SSc spectrum disease. Given the
elevated risk of PH development in those with CTD‐ILD,
it is our practice to also screen all patients with CTD‐ILD
for the presence of PH.89

HOW DO YOU DIAGNOSE
PULMONARY HYPERTENSION IN
PATIENTS WITH CTD? WHAT
TESTS ARE RECOMMENDED?

The evaluation of PH in patients with CTD should focus
on confirmation of the presence of PH, ascertainment of
the dominant etiology and classification, and assessment
of PH severity.

The initial evaluation should include a thorough physical
examination and history, with a particular focus on
identifying risk factors for pulmonary hypertension (e.g.,
family history of PH, methamphetamine use, VTE, etc).
Additionally, the utilization of electrocardiogram (ECG),
laboratory testing, echocardiogram, pulmonary function
testing, and 6‐min walk tests may help identify, screen,
and risk stratify patients with CTD‐PH.

Electrocardiogram

ECG is important to evaluate for dysrhythmias and
ischemic heart disease; the presence of right atrial
enlargement and right ventricular strain and hypertro-
phy may suggest the presence of PH. A small study of 61
PAH patients demonstrated that 87% had abnormal

FIGURE 1 DETECT versus ASIG algorithms for screening for CTD‐PAH. ASIG, Australian Scleroderma Interest Group; CTD,
connective tissue disease; PAH, pulmonary arterial hypertension.
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ECGs, most often demonstrating RV strain, hypertrophy,
and right axis deviation.90

Laboratory

Presuming the patient has already had autoantibody testing
for CTD, additional diagnostic testing should include liver
function tests, drug toxicology screening, basic metabolic
panel, complete blood count, human immunodeficiency
virus testing, and BNP/NT‐proBNP. Patients with certain
CTDs are at a particularly elevated risk for VTE, so a
hypercoagulability evaluation (e.g., antiphospholipid anti-
bodies) should be considered if clinically indicated.91

Although nonspecific biomarkers, BNP/NT‐proBNP are
often elevated in patients with PH and correlate with disease
severity and prognosis. In one study, BNP levels greater than
150 pg/mL at the time of diagnosis and persistent elevations
greater than 180 pg/mL despite pulmonary vasodilatory
therapy were associated with worse outcomes.92 In patients
with SSc specifically, an elevated NT‐proBNP (≥395 pg/mL)
predicted the presence of PH (sensitivity of 56% and
specificity of 95%) and correlated with increased mortality
and PH severity.29,93–95

Pulmonary function testing and 6‐min
walk test

Pulmonary function testing should be performed in all
patients with suspected PH and concomitant lung disease.
An isolated reduction in the DLCO or DLCO decreased out of
proportion to lung volumes or FVC may suggest the
presence of PH. In patients with SSc, a ratio of FVC to
DLCO>1.6 or a DLCO<60% of predicted was associated
with an increased likelihood of PH.96,97 The 6‐min walk test
is another simple, easy‐to‐perform test with established
prognostic significance in patients with PAH.6,98,99 Patients
with CTD frequently have extrapulmonary manifestations
that may limit their walk distance (e.g., muscle weakness,
arthralgias, and joint contractures), thus changes in walk
distance in these patients should be interpreted in the
appropriate clinical context. In CTD patients with stable ILD,
a decrease in 6‐min walk distance, oxygen saturation nadir
(SaO2), and heart rate response should all raise suspicion for
the presence of PH.89 Table 3 lists signs suggestive of
development of PH in ILD patients.

Echocardiogram

Echocardiography remains the primary screening tool for
suspected PH. Current guidelines recommend using an

echocardiogram‐derived peak tricuspid regurgitation jet
velocity (TRV)> 2.8m/s, rather than an estimated systolic
pulmonary artery pressure (sPAP), as the primary variable
suggestive of PH.6 This is due to the unreliability of
estimated RA pressures via echocardiography. The TRV
alone cannot reliably identify the presence or absence of PH,
however contextualizing and combining it with risk factors
for PH and additional echocardiographic assessments of the
right heart, PA, and IVC may help further stratify the
probability of PH (Table 4).100 Attention should also be given
to the presence of LV hypertrophy, diastolic dysfunction, and
LA size to evaluate for the signs of Group 2 PH, especially in
patients with risk factors such as obesity, systemic hyper-
tension, obstructive sleep apnea and diabetes. This is
particularly the case in patients with SSc, in which diastolic
dysfunction is common.101,102 In patients with a high
probability of PH via echocardiogram, right heart catheteri-
zation should be pursued to confirm the diagnosis.

Cardiac MR

Cardiac magnetic resonance (CMR) imaging has multiple
advantages over echocardiography and its use for the
assessment of PAH and RV dysfunction has increased
over the years. In addition to its increased diagnostic
accuracy for PH compared to echocardiography, it may

TABLE 3 Diagnostic signs of potential PH in ILD.

Test Finding

PFTs • DLCO< 30% or worsening DLCO in
the setting of preserved lung volumes

6MWT • Marked or worsening desaturation
• Severely reduced or worsening 6MWT
distance

• Impaired (decreased) heart rate
recovery after exercise (<13)

CT Scanning • Increased PA:A ratio (>0.9)
• RV:LV ratio > 1

Echocardiography • RVSP elevation > 45
• RV dilation
• Reduced TAPSE
• RVOT diameter > 4.3
• Reduced RV fractional area change
• Reduced RV ejection fraction on 3‐D
echocardiography

Laboratory testing • Elevated BNP

Abbreviations: 3‐D, 3‐dimensional; 6MWT, 6‐min walk test; BNP, brain
natriuretic peptide; DLCO, ¼ diffusing capacity of the lung for carbon
monoxide; ILD, interstitial lung disease; LV, left ventricular; PA:A,
pulmonary artery to aorta; PFT, pulmonary function test; RV, right
ventricular; RVOT, RV outflow tract; RVSP, RV systolic pressure; TAPSE,
tricuspid annular plane systolic excursion.

PULMONARY CIRCULATION | 9 of 23



be particularly useful in patients with CTD, who often
have additional cardiac pathologies.103,104 CMR allows
for a more detailed evaluation of biventricular function,
vessels, the myocardium, and the pericardium all in a
single study and may additionally allow for the
identification of early, subclinical disease.105,106 Addi-
tionally, in both CTD‐PAH and PAH not due to CTD,
CMR has been shown to be an effective tool for
prognostication.107,108 Despite its numerous advantages,
the use of CMR remains limited by its availability, cost,
and need for expert readers.

Right heart catheterization

The diagnosis of PH must ultimately be confirmed via
right heart catheterization. In patients with suspected
Group 2 PH or unexplained dyspnea with normal resting
hemodynamics, exercise RHC or fluid loading should be
considered. Exercise PH is now defined in the current
guidelines as an mPAP/CO slope > 3 with a PAWP/CO
slope < 2.6 An elevated PAWP/CO slope (>2) and/or
PAWP> 25mmHg with supine exercise is diagnostic for
the presence of HFpEF. Given variability in exercise
protocols and lack of uniform availability of exercise
testing, a fluid challenge during RHC is recommended in
patients with suspected Group 2 PH who have a normal
resting PAWP. A rise in PAWP ≥ 18mmHg with rapid
infusion of approximately 500mL of intravenous fluids is
suggestive of HFpEF.6 If the accuracy of the PAWP is in
question, a left ventricular end‐diastolic pressure
(LVEDP) measurement should be obtained. Interest-
ingly, a recent study demonstrated that an increase in
PAWP to above 11 and 19mmHg during passive leg raise

(PLR) demonstrated a 100% sensitivity and specificity,
respectively, for occult‐HFpEF.109 In suspected HFpEF
patients in whom exercise or fluid administration
challenge cannot be performed, the use of PLR during
RHC can be considered.109

Imaging (CT/DECT/VQ/MRI)

Once the diagnosis of PH is confirmed, additional testing
may be indicated to allow for accurate identification and
classification of PH. Given the increased prevalence of
venous thromboembolism and interstitial lung disease in
patients with CTD, studies to evaluate for these should be
performed in all patients with suspected or confirmed
PH.91 Ventilation‐perfusion scans remain the gold
standard diagnostic test for CTEPH; however, newer
imaging modalities such as dual‐energy CT, iodine
subtraction mapping CT, and MRI perfusion scans
appear promising and may be considered in the future.6

Despite potential advantages over V/Q scans, these
newer modalities lack large, multi‐center data and are
often limited by availability and cost. High‐resolution
chest CT scans should be performed in these patients to
evaluate for possible interstitial lung disease and thus
Group 3 PH.

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing (CPET) allows for a
robust assessment of functional capacity and the
identification of the etiology of exercise limitation. A
recent study by Pezzuto et al. demonstrated that the

TABLE 4 Additional
echocardiographic signs of PH.

Right Atrium and IVC • End systolic RA area > 18 cm2

• IVC > 21mm with inspiratory collapse <50%

Right Ventricle • RV/LV basal diameter ratio >1
• IVS flattening with LV eccentricity index > 1.1 in systole
• Reduced RV fractional area change (<35%)
• Reduced RV ejection fraction on 3‐D echocardiography
• TAPSE < 18mm
• Reduced peak systolic velocity (S′) of tricuspid annulus
(<9.5 cm/s)

Pulmonary Artery • PA diameter > 25mm
• RV outflow Doppler AcT < 105ms
• RVOT systolic notching on PW Doppler
• PR velocity 2.2 m/s in early diastole

Pericardium • Presence of a pericardial effusion

Abbreviations: AcT, acceleration time; IVS, intraventricular septum; IVC, inferior vena cava; LV, left
ventricle; PA, pulmonary artery; PR, pulmonary regurgitation; PW, pulse‐wave; RA, right atrium; RV,
right ventricle; RVOT, right ventricular outflow tract; TAPSE, tricuspid annular plane systolic excursion.
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combination of peak VO2 and PETCO2 correlated with
the degree of hemodynamic impairment in patients with
PAH and multiple previous studies have demonstrated
the prognostic utility of peak VO2 and VE/VCO2.

110–113

Notably, patients with CTD‐PH tend to perform worse on
CPET compared to iPAH patients. In a study by Zhang
et al., CTD‐PAH patients had more impaired ventilation,
cardiac function, and muscular strength than iPAH
patients, despite comparable hemodynamic profiles,
WHO FC, NT‐proBNP, and 6MWD.114 It remains
unclear, however, if the routine use of CPET has much
added value to the current diagnostic paradigm.

HOW SHOULD CTD ‐PH BE
TREATED?

Careful consideration of the hemodynamic profile of the
patient and the presence or absence of ILD and other co‐
morbidities is required when developing a treatment plan
for CTD‐PH. Clinicians must also be aware that not all
CTD patients will fit neatly into a specific WHO Group.
Rather, many patients with CTD may also have features
of Group 2, 3, or 4 PH as well.

WHAT IS THE ROLE FOR
PULMONARY VASODILATOR
TREATMENT IN CTD ‐PAH?

The most current ESC/ERS guidelines include CTD‐PAH
and iPAH under the same treatment umbrella protocol and
use risk stratification to dictate the initial choice of drugs,
with upfront dual therapy for patients in low‐ and
intermediate‐risk status, and upfront triple therapy for
patients in high‐risk status (Figure 2).6 Escalation to triple
drug therapy with a parenteral prostanoid is warranted in
patients on dual therapy who either remain in the
intermediate‐high risk group or progress into the high‐risk
group at follow up assessment.6 In patients who stratify as
intermediate‐low risk at follow‐up, therapy augmentation
with the addition of a nonparenteral prostanoid and/or a
switch from PDE5i to a sGC stimulator is recommended.6

Most large RCTs for PAH‐specific therapies included CTD‐
PAH patients (20%–30%), and the relative response to
therapy appears to be largely equivalent to those with iPAH.
In a recent meta‐analysis of 11 RCTs and 19 registries,
Khanna et al. found that patients with CTD‐PAH and iPAH
had similar relative risk reduction in clinical morbidity/
mortality events compared with control subjects; however,
survival in CTD‐PAH patients was lower than in iPAH
patients.22 Efficacy of multiple pulmonary vasodilator
medications in CTD‐PAH has been established in their

respective clinical trials. A prospective study of upfront
ambrisentan and tadalafil in SSc‐PAH by Hassoun et al.
demonstrated significantly improved RV function, hemo-
dynamics, 6MWD, and BNP.115 Additionally, a sub‐group
analysis of the landmark AMBITION study confirmed the
benefit of upfront dual therapy with tadalafil and ambri-
sentan in CTD‐PAH patients.116 In the GRIPHON trial,
addition of selexipag to background treatment of one to two
pulmonary vasodilator treatments demonstrated a similar
reduction in composite morbidity/mortality of 40% and 41%
in both the overall cohort and CTD‐PAH subgroup,
respectively.117 Moreover, the subgroup analysis of CTD‐
PAH patients treated with selexipag versus placebo demon-
strated a risk reduction of 44% and 35% in SSc‐PAH and
SLE‐PAH patients, respectively.

WHAT ARE POTENTIAL PITFALLS
WHEN USING PULMONARY
VASODILATORS IN PATIENTS
WITH CTD ‐PH?

In contrast to iPAH, CTD‐PAH presents several unique
challenges given the potential for overlapping and
evolving contributory PH pathologies (i.e., Groups 1, 2,
3, and 4) that often occur concurrently. As detailed
earlier, patients with CTD‐PAH, particularly those with
SSc and MCTD, have an increased prevalence of diastolic
dysfunction as compared to iPAH. In these patients with
combined pre‐/post‐capillary PH, the use of PAH‐
targeted therapies may not be tolerated due to worsening
pulmonary edema, dyspnea, and/or hypoxemia. There-
fore, achieving optimal therapy for pre‐capillary PAH
may be limited in some patients, even after volume
optimization. Furthermore, patients with SSc‐PAH may
have PVOD lesions that may result in pulmonary edema
and worsening hypoxemia following initiation of pulmo-
nary vasodilator therapy. Thus, careful phenotyping of
patients with particular attention to the echocardio-
graphic findings and other risk factors for HFpEF should
be performed before treatment is initiated. Following
therapy initiation, patients with CTD‐PH require close
monitoring for unmasking of these complications.

DOES ONE APPROACH
TREATMENT OF PH
DIFFERENTLY IN PATIENTS
WITH ILD?

The prevalence of ILD in CTD varies substantially
depending on the underlying CTD, with reports of over
50% in patients with SSc.47,118 Distinguishing between
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Group 3 PH and Group 1 PAH can be particularly
challenging in patients with CTD who can present with
various severities of PH and ILD, respectively (Table 5).
Features favoring Group 3 PH include significant lung
disease manifested by greater impairment of pulmonary
function testing, extensive radiographic involvement,
and milder hemodynamic impairment. Conversely,
Group 1 PAH is suggested by milder underlying

pulmonary disease and more severe hemodynamic
impairment. To date, no firm diagnostic criteria exist
that clearly delineate this distinction, and categorization
of Group 3 versus Group 1 PH is left to the discretion of
the clinician.

Although it makes sense that treating the underlying
lung disease should impact the trajectory of associated
PH, this concept has not been studied in great depth.

FIGURE 2 Recommended treatment algorithm for PAH from the 2022 ESC/ERS guidelines. ESC/ERS, European Society of Cardiology/
European Respiratory Society; PAH, pulmonary arterial hypertension.
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Given this, the authors advocate for appropriate treat-
ment of the underlying parenchymal process. It is
possible that in patients with ILD responsive to
immunosuppression, treatment of the parenchymal
process may result in improved pulmonary hemo-
dynamics. Further study on this important topic is
needed.

Until recently, there were no FDA‐approved thera-
pies for Group 3 PH. Neither ERAs nor riociguat is
recommended in treatment of patients with ILD‐PH due
to safety concerns.119,120 Although patients with CTD‐
ILD were not included in these trials, it appears prudent
to avoid these agents in patients with significant under-
lying ILD.

Clinical trial data for sildenafil in ILDs is somewhat
mixed and primarily originates from studies in patients
with idiopathic pulmonary fibrosis (IPF).121–126 A few
studies of sildenafil in IPF and fibrotic ILD with
associated PH have shown clinical improvements in
6MWD and BNP/NT‐proBNP, but these data are limited
by the lack of placebo arms and small sample sizes. The
majority of these studies showed that sildenafil was well
tolerated without negative effects on oxygenation or
systemic blood pressure.127

The INCREASE trial, which included 22% of patients
with CTD‐ILD, provided data supporting the use of
inhaled treprostinil for ILD‐PH.128 The trial met its
primary endpoint of change in 6MWD at week 16, as well
as secondary endpoints including change in NT‐proBNP
and time to clinical worsening. Post‐hoc analyses of the
INCREASE trial have suggested that treatment with
inhaled treprostinil has additional clinical benefits. One
analysis demonstrated that all subgroups of patients,
including those with CTD‐ILD, who received inhaled
treprostinil were less likely to experience multiple
disease progression events compared to those who
received placebo.128

Patients with mild ILD and significant PH are often
treated according to the Group 1 treatment algorithm.80

Patients with significant ILD present a bigger treatment

challenge as they historically have been excluded from
clinical trials. For patients with severe ILD and mild PH,
based on the INCREASE data, our current approach is to
use inhaled treprostinil as first‐line therapy. Although
there are no data to support this practice, consideration
can be given to the addition of sildenafil in patients with
more severe hemodynamic impairment on an individual
basis and following appropriate discussion with the
patient. Similarly, patients with very severe PH and
significant ILD can be managed with a combination of
parenteral prostanoid therapy and sildenafil. It is
recommended that pulmonary vasodilator therapy initia-
tion be performed by experienced centers with careful
observation of the patients to ensure safety.

IS THERE A ROLE FOR
IMMUNOSUPPRESSION IN THE
TREATMENT OF CTD ‐PAH?

The use of immunosuppressive therapy for the
treatment of CTD‐PAH is limited but may play a role
in some patients. Although no randomized controlled
trials have been performed in non‐SSc CTD‐PAH,
limited data from small case series, observational
studies, and registry analyses have demonstrated
hemodynamic and clinical improvements with immu-
nosuppressive therapies.17,129–132 The role of immu-
nosuppression in SSC‐PAH is less clear. No response
has been demonstrated with corticosteroids or Cytox-
an. The pathophysiologic differences in SSc‐PAH and
other forms of CTD‐PAH likely account for the
observed difference in response to immuno-
suppression. A recent study by Zamanian et al.
evaluating the use of rituximab for SSc‐PAH failed
to reach its primary endpoint of change in 6MWD at
24 weeks, but there was a trend toward improve-
ment.133 The authors posited that low levels of RF,
IL‐2, and IL‐17 are predictive of response to ritux-
imab. Based on the limited available data, the

TABLE 5 Factors favoring Group 1 versus Group 3 PH in connective tissue diseases.

Favors Group 1 maladaptive phenotype Favors Group 3 adaptive phenotype

PFT • Mild restriction on PFTs
• Disproportionately low DLCO compared to spirometry

• Severe restriction on PFTs

Imaging • Mild pulmonary fibrosis • Severe pulmonary fibrosis

Echocardiography • Severe RV dysfunction • Mild RV dysfunction

Hemodynamics • Low cardiac index
• Severely elevated PAPs

• Preserved cardiac index
• Mildly elevated PAPs

Abbreviations: DLCO, Diffusing capacity of carbon monoxide; PAP, pulmonary artery pressure; PFT, Pulmonary function test; PH, Pulmonary hypertension;
RV, Right ventricle.
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addition of immunosuppressive therapy (e.g., glucocorti-
coids, mycophenolate) as part of the PH treatment
armamentarium can be considered in patients with non‐
SSc CTD‐PAH, particularly if they have noncardiopulmon-
ary manifestations which would benefit from treatment.
The role of rituximab treatment for select patients with
SSc‐PAH requires further study.

WHAT ADJUNCTIVE CARE
SHOULD BE PROVIDED WHEN
TREATING CTD ‐PAH?

In addition to PAH‐targeted therapies, adjunctive sup-
portive measures remain vital to the management of
CTD‐PAH. The use of diuretics and salt/fluid restrictions
are a cornerstone of PAH therapy to prevent volume
overload and worsening right ventricular failure.
Although there are no data on the benefit of long‐term
oxygen use in PAH, we support the guideline recom-
mendations for the utilization of supplemental oxygen
when the PaO2 is <8 kPa (60mmHg; alternatively,
SaO2 < 92%) at rest or with exertion. Iron deficiency in
PAH is associated with increased mortality and myocar-
dial dysfunction; however, the long‐term clinical benefit
of iron supplementation in PAH remains unclear.134–137

As iron supplementation appears safe in PAH, the most
recent ERS guidelines recommend repletion and regular
monitoring of iron status in PAH patients with iron
deficiency anemia.138–140 In both iPAH and CTD‐PAH,
the completion of a formal exercise program, such as
pulmonary rehabilitation, was found to improve quality
of life, functional capacity, and even pulmonary artery
pressures.141,142 The benefit of anticoagulation in PAH
remains unclear and data on CTD‐PAH patients in
particular are lacking. Of the available data, there
appears to be particular harm with the use of antic-
oagulation in patients with SSc‐PAH.143,144 As such, in
the absence of other indications (e.g., atrial fibrillation,
VTE, antiphospholipid antibody syndrome, etc.), the
use of anticoagulation in CTD‐PAH is currently not
recommended.

WHEN AND HOW SHOULD ONE
REASSESS THE RESPONSE TO
TREATMENT?

As touched upon in the treatment algorithm from the
latest ESC/ERS guidelines, both initial and follow‐up risk
assessments are fundamental for prognostication and
guiding therapy decisions. Ongoing risk assessment
allows clinicians to assess both treatment response as
well as the possible need for therapy augmentation and/
or lung transplant consideration. Numerous risk assess-
ment tools available have demonstrated efficacy in PAH,
including but not limited to REVEAL 2.0, REVEAL Lite
2.0, COMPERA 2.0, and the latest ESC/ERS guideline
risk stratification model.6,145–147 Based on the new
COMPERA 2.0 model, the 2022 ESC/ERS models have
moved from a three‐strata assessment to a more
simplified four‐strata assessment at follow‐up, now
dividing the intermediate‐risk strata into intermediate‐
low and intermediate‐high risk categories (Figure 3). The
current ESC/ERS guidelines continue to recommend the
use of their three‐strata risk model at the initial
assessment and the utilization of the simplified four‐
risk strata model for follow‐up assessments. Data on the
use of this new four‐strata risk assessment model from
both the COMPERA and French PH registries demon-
strated improved risk prediction, particularly for those in
the intermediate risk category, compared to the previous
three‐strata model.145,146 The COMPERA 2.0 study
additionally validated the four‐risk strata model in
patients with CTD‐PAH. Although the external valida-
tion study of the COMPERA 2.0 model in the French PH
registry did not specifically validate the model for any
particular PAH sub‐groups, 27% of the cohort had CTD‐
PAH. The REVEAL 2.0 risk calculator uses a score based
on 13 weighted variables to categorize patients into either
low, intermediate, or high‐risk strata. It has also been
validated in PAH, in contrast to the aforementioned four‐
risk strata models and assigns a negative prognostic value
for CTD‐PAH in its model.148 As previously mentioned,
frequent risk reassessment is essential in the manage-
ment of PAH; however, the need for invasively derived

FIGURE 3 ESC/ERS PAH Guideline 4‐stratum risk assessment. ESC/ERS, European Society of Cardiology/European Respiratory
Society; PAH, pulmonary arterial hypertension.
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variables often limits the practicality and utility of the
four‐risk strata and REVEAL 2.0 models at follow‐up. To
that end, the REVEAL Lite 2.0 score uses only
six noninvasive variables and has demonstrated good
risk discrimination in both iPAH and CTD‐PAH with
c‐indexes of 0.74 (95% confidence interval [CI], 0.71–0.77)
and 0.76 (95% CI, 0.73–‐0.79), respectively.147

WHAT IS THE ROLE OF LUNG
TRANSPLANTATION IN CTD ‐PAH?

Lung transplantation remains an important therapeutic
option in patients with severe CTD‐PAH and an insufficient
response to medical therapy. In addition to an inadequate
response to therapy, those with intermediate‐high or high‐
risk of death (based on stratification tools), on parenteral
prostanoid therapy, and/or rapidly progressive disease
should undergo early referral for lung transplantation.6

Given the unpredictable course of CTD‐PAH, early and
timely identification of patients in need of referral for lung
transplantation and bridging support therapies (i.e., ECMO)
is critical, as delays in referral may result in poor
outcomes.149,150 Patients should have continued reassess-
ments and further optimization of their CTD‐PAH while
undergoing a transplant evaluation and while actively listed.
We recommend that given the high preoperative mortality
and complexity of management, CTD‐PAH transplant
candidates should be referred to centers with a large volume
of experience and expertise. Bilateral lung transplant remains
the procedure of choice in patients with PAH, as right
ventricular recovery occurs relatively rapidly after transplan-
tation, even in those with severe RV dysfunction.151–153

Heart‐ung transplantation is not usually indicated in patients
with CTD‐PAH unless there is concurrent left heart
dysfunction or congenital heart disease. The use of peri‐
operative ECMO in severe PAH is associated with improved
short‐ and long‐term outcomes.154–157 In patients with severe
CTD‐PAH who are not already being bridged with
mechanical circulatory support, the initiation of awake
ECMO before intubation and anesthetic induction should be
considered.

CONCLUSION

PH can complicate the course of a variety of CTDs. While
many only think of PAH in the context of CTDs, PH due to
any of the WHO etiologic groups can occur. The most likely
cause of PH can vary depending on the specific CTD.
Development of an appropriate treatment plan for CTD‐PH
requires consideration of numerous factors, including the
specific CTD involved, the hemodynamic profile of the

patient, and the presence of ILD. Despite CTD‐PAH being
treated in a similar fashion to other causes of PAH, outcomes
remain inferior. It is hoped that further study will improve
our understanding of CTD‐PAH, allowing for improved
outcomes in these complex conditions.
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