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ABSTRACT Pulmonary hypertension (PH) is a frequent and severe complication of systemic sclerosis
(SSc). PH in SSc is highly heterogeneous because of the various clinical phenotypes of SSc itself and
because the mechanisms of PH can vary from one patient to another. PH in SSc may be due to
vasculopathy of the small pulmonary arteries (group 1; pulmonary arterial hypertension), interstitial lung
disease (group 3; PH due to lung disease or chronic hypoxia) or myocardial fibrosis leading to left
ventricular systolic or diastolic dysfunction (group 2; PH due to chronic left-heart disease). Pulmonary
veno-occlusive disease is not uncommon in SSc and may also cause PH in some patients (group 1′). There
is a high prevalence of each of these conditions in SSc and, as such, it may be difficult to determine the
dominant cause of PH in a particular patient. However, careful phenotyping of PH in SSc is important as
the therapy required for each of these underlying conditions is very different. In this review, we will
decipher the different phenotypes of SSc-PH.

Introduction
Pulmonary hypertension (PH) is a frequent and severe complication of systemic sclerosis (SSc) [1]. The
prevalence of pulmonary arterial hypertension (PAH) is around 10% and, despite recent advances in the
treatment armamentarium, PAH survival is still poor with a median survival time of 3 years [2].
Moreover, SSc-PAH patients are most often less responsive than patients with idiopathic PAH and have a
worse prognosis, although they present with milder haemodynamic impairment [2–5]. However, recent
studies have suggested that where aggressive therapy is used, a similar reduction in event rate is achievable
in SSc and idiopathic PAH populations [6, 7]. The reasons why SSc-PAH patients could exhibit different
behaviour than patients with other forms of PAH is still a matter of debate. However, one major cause is
probably that both SSc itself and SSc-PAH in particular are very heterogeneous diseases, which is a major
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difference to idiopathic PAH. In other words, the clinical phenotypes of SSc-PAH and the possible overlap
of other forms of PH are numerous either because the underlying systemic disease is itself variable in its
clinical characteristics [8] or because the causes and mechanisms of PH can also vary from one patient to
another.

SSc is a complex disease characterised by skin involvement and a variable degree of organ involvement,
including both the lungs and the heart [9]. As a consequence, PH in SSc can be due to an isolated PAH
affecting small pulmonary arteries (group 1 of the updated PH classification [10]). However, in the
presence of an interstitial lung disease (ILD) of different severity, PH can belong to group 3 PH (due to
chronic lung disease and/or hypoxia). Moreover, as myocardial fibrosis and left-ventricular dysfunction
can also exist in SSc, PH can belong to group 2 PH (due to chronic left-heart disease). Furthermore,
pulmonary veno-occlusive disease (PVOD) can complicate SSc and can also explain the occurrence of PH
in some patients (group 1′) [11]. Lastly, primary biliary cirrhosis is not uncommon in SSc and can lead to
portopulmonary PH [10]. What is quite common and rather specific in SSc is that, in a given patient, it is
highly probable that several mechanisms can work together to lead to PH. For example, a given patient
can present with pre-capillary PH in a context of limited ILD and diastolic dysfunction also contributing
to elevation of pulmonary artery wedge pressure (PAWP) during a fluid challenge. Careful phenotyping of
PH in SSc is thus very important in that it has an impact on treatment choice as different treatments and
strategies are indicated for the different subgroups of patients [10]. In the review, we will decipher the
different phenotypes of SSc-PH.

Epidemiology
Right-heart catheterisation is mandatory to diagnose PH as well as to help in classifying it by measuring
PAWP [10]. The definition of PH is a mean pulmonary artery pressure ⩾25 mmHg. PAH is diagnosed if
PAWP is ⩽15 mmHg and pulmonary vascular resistance is >3 Wood units (WU) in the absence of
another cause of pre-capillary PH, such as chronic thromboembolic PH (CTEPH) or PH due to chronic
lung disease. SSc-PAH accounts for 15–30% of large PH registries [12] and the prevalence of PAH in large
cohorts of SSc patients ranges from 5 to 12% [13]. In high risk SSc patients (for example those with a
diffusing capacity of the lung for carbon monoxide (DLCO) <60%, as in the DETECT study [14]), PAH
prevalence is even higher (up to 19%). Data on the incidence of PAH are scarce and a French study has
estimated an incidence of 0.61 PAH cases per 100 patient-years [15]. Notably, the incidence of
post-capillary PH (group 2) was in the same range [12]. Moreover, in the DETECT study, the prevalence
of group 2 PH was 6%, as was that of group 3 PH [14], highlighting the importance of properly
phenotyping PH in patients with SSc [7, 11, 12].

Clinical phenotypes of pulmonary hypertension in systemic sclerosis
The different clinical phenotypes of SSc-PH can be explained by different clinical phenotypes of SSc itself
and by different mechanisms leading to an increase in pulmonary pressures.

Clinical phenotypes of systemic sclerosis
SSc is a complex, multi-organ connective tissue disease affecting both the skin and the organs with various
degrees of severity. Among the different organs, the lungs, heart, gastro-intestinal tract, kidneys, muscles
and joints are the most frequently involved. SSc is usually classified by LeRoy and Medsger subset
classification as “limited cutaneous SSc” and “diffuse cutaneous SSc” [16]. This classification is based
purely on skin extension and is independent of organ involvement. Therefore, a patient with diffuse
cutaneous SSc can present with no organ involvement at all while a patient with limited cutaneous SSc can
present with organ involvement (e.g. ILD, PH or kidney involvement). However, in a population of SSc
patients, organ involvement is more frequent and occurs earlier in patients with diffuse cutaneous
involvement than in patients with limited cutaneous involvement [8]. The only important exception is
PAH, which is as frequently found in the limited as well as in the diffuse SSc subsets [15]. Besides the
frequency of organ involvement, one major reason for classifying patients according to SSc subset is that
patients with diffuse cutaneous disease have a worse prognosis than patients with limited cutaneous
disease. This should be kept in mind in the context of PH, as the prognosis of patients with SSc can be
altered by PH but also by the subset of SSc itself as well as the various organ involvements that this can
present.

Clinical phenotypes of pulmonary hypertension
The precise phenotyping of PH in SSc remains challenging for clinicians in daily practice. We have already
suggested that it can be explained by the diverse and sometimes overlapping mechanisms of PH in the
setting of SSc. Indeed, SSc combines an extensive vasculopathy, inflammation, autoimmunity and
fibrogenesis leading to widespread fibrosis and vascular manifestations [17]. As a consequence, PH can
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therefore be explained by a pulmonary arterial vasculopathy (group 1), lung fibrosis (group 3) or heart
involvement (group 2) as well as by PVOD-like lesions (group 1′). However, it can be challenging to
firmly distinguish the leading mechanism in a given patient while some can combine to various extents to
explain the clinical presentation (figure 1).

Interstitial lung disease
The most frequent possible confounding characteristic in SSc-PH is the presence and extension of ILD.
Importantly, the presence of ILD and PH is associated with a dismal prognosis, even worse than in
patients with isolated SSc-PAH [2]. In a recent meta-analysis, we showed that the pooled 3-year overall
survival rate was 35% in patients with SSc-PH and ILD, as compared to 56% in SSc-PAH [2]. The
prevalence of ILD in SSc ranges between 25% and 50% and is most common in the diffuse cutaneous
subset [18, 19]. In SSc, ILD is usually classified as “limited ILD”, which should not be confounded with
limited cutaneous SSc, or “extensive ILD” according to Goh’s staging system based on high-resolution
computed tomography (HRCT) of the chest as well as lung function tests [20]. Whether a SSc patient with
ILD (whatever its type) and PH (whatever the haemodynamic severity) should be systematically classified
in group 3 of the PH classification is not straightforward. Most authors have proposed that patients with
extensive ILD and PH should be classified in group 3 [14]. By extrapolation, should patients with limited
ILD all be classified in group 1, together with patients with SSc-PAH and no ILD, or should some of them
be classified in group 3 when considering their haemodynamics? Alternatively, should patients with
extensive ILD be classified in a single group of PH due to chronic lung disease irrespective of the
haemodynamic characteristics? This is still a matter of debate; however, it is very important to try to
answer this question, as PAH treatment algorithms have been built for patients without ILD [10]. Some
studies have suggested that PAH-targeted therapies might improve haemodynamics but have no benefits
on dyspnoea and survival and might even present an increased risk of hypoxia in SSc patients with PH
and ILD [21]. This could contribute in turn to the worse results of PAH-targeted therapies in SSc-PAH
patients in randomised control trials, even when patients with extensive ILD were excluded. One study
suggested that survival of SSc patients with PH and ILD was modestly improved relative to historical series
and, while these findings may not be generalisable, improved survival may be due partly to aggressive
PAH-targeted therapy in this study [22].

Combined pulmonary fibrosis and emphysema syndrome
Combined pulmonary fibrosis and emphysema (CPFE) syndrome has recently been individualised [23].
This syndrome is characterised by the association of severe dyspnoea, paraseptal emphysema and diffuse
infiltrative opacities suggestive of pulmonary fibrosis, occurring most often in smokers [23]. As a
consequence spirometry is usually normal, contrasting with very severely impaired DLCO and hypoxaemia
during exercise (with a major confounding effect on the forced vital capacity/DLCO ratio [24]).
Interestingly, this syndrome is associated with a high risk of PH, as identified in more than 50% of
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FIGURE 1 Clinical phenotypes of pulmonary hypertension (PH) in systemic sclerosis (SSc). PH may be
heterogenous in SSc and many mechanisms can combine to produce a number of possible clinical
phenotypes. A given patient can be placed somewhere on this three-axis graph with the x-axis ranging from
post-capillary PH to severe pre-capillary PH, the y-axis ranging from no interstitial lung disease (ILD) to
extensive ILD and the z-axis ranging from limited cutaneous SSc to diffuse cutaneous SSc. It is useful to
consider possible pulmonary veno-occlusive disease (PVOD)-like conditions in patients with severe
pre-capillary PH.
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patients [23, 25]. COTTIN and CORDIER [26] have recently described this syndrome in patients with
connective tissue disease, including those with SSc. When compared to “idiopathic CPFE”, patients with
comorbid connective tissue disease had a less severely impaired DLCO [26]. PH was diagnosed in 15% of
patients, all of whom had SSc [26]. As lung volumes can be normal, it is possible that this syndrome is
underdiagnosed in SSc. Recently, ANTONIOU et al. [24] showed that emphysema in patients with SSc-related
ILD can also be observed in nonsmokers and smokers with a low pack-year history. The significant
prevalence of emphysema in nonsmokers with SSc-related ILD provides indirect support for a
pathogenetic basis for the CPFE syndrome. CPFE is an important clinical phenotype in SSc-PH as it is
associated with a poor prognosis.

Pulmonary veno-occlusive disease
Idiopathic PVOD is a rare disease characterised by a diffuse obstruction of the small pulmonary veins
[27–29]. DORFMÜLLER et al. [30] have shown that PVOD-like lesions are common in lung tissue in SSc-PH
while, more recently, GÜNTHER et al. [11] have shown that 61.5% of SSc-PH patients have HRCT signs
suggestive of PVOD. Moreover, the presence of these HRCT signs (lymph node enlargement, centrilobular
ground-glass opacities and septal lines) is associated with worse survival rates and an increased risk of
pulmonary oedema after the initiation of PAH-targeted therapies [11]. In our opinion, this difficult to
diagnose PVOD-like involvement in SSc-PH patients has been overlooked, possibly due to the signs
sometimes being mild or difficult to distinguish from ILD, and could play a role in the worse prognosis. It
is an important phenotype to identify in SSc-PH and it should be carefully evaluated not only at baseline
but also during the follow-up of patients. Clinicians have to be aware that the signs can become more
obvious after the initiation of PAH-targeted therapies and should be looked at carefully in a patient who
experiences an intriguing worsening after the initiation of the treatment or becomes refractory to therapy.
Determining the precise prevalence of PVOD as a confounding factor is further limited by the relatively
rare occurrence of pulmonary oedema in SSc when treated with prostanoids, unlike in classical
descriptions of PVOD. It seems probable that the spectrum of vasculopathy present in SSc is shifted
toward greater venous involvement, without necessarily leading to the overt dominance of the venous
involvement seen in the typical PVOD patient.

Cardiac involvement
Cardiac involvement is very common in SSc [31] and, while it is rarely clinically obvious, myocardial
fibrosis is the pathological hallmark of this complication and has been reported in 50–80% of cases in
necropsy studies [32]. Recent advances in cardiac imaging, such as magnetic resonance imaging (MRI),
have shown that a majority of patients have at least one abnormality on cardiac MRI [33]. We have
previously shown that one third of patients have diastolic dysfunction and around 21% have myocardial
delayed-contrast enhancement suggestive of myocardial fibrosis [33]. Myocardial fibrosis can lead to
left-ventricular dysfunction and could either explain the development of pure post-capillary PH or
contribute to a post-capillary component in SSc patients with pulmonary arteriopathy. In a recent study
by FOX et al. [34], the authors assessed the prevalence of occult left-heart disease in SSc-PH. In a
population of 107 patients with SSc, 53 had PH confirmed by right-heart catheterisation. Based on PAWP,
29 out of 53 had PAH and 24 had post-capillary PH. However, after fluid challenge, 11 PAH patients were
reclassified as displaying occult post-capillary PH [34] although there was no follow-up data precluding
any firm conclusion. Such an occult post-capillary component may explain, at least in part, the worst
outcomes of SSc-associated PAH in randomised clinical trials. Moreover, this study also suggests that even
if pre-capillary PH is present at rest in a SSc patient, a coexisting post-capillary component can be present
due to overt or subtle diastolic left-heart dysfunction, which might be unmasked by fluid challenge or
exercise testing [35]. Recently, BOURJI et al. [36] showed that SSc patients with PH due to left-ventricular
diastolic dysfunction had a twofold increase in the risk of death compared with SSc-PAH patients after
adjusting for haemodynamics. Concomitant intrinsic pulmonary vascular disease and left-ventricular
dysfunction likely contribute to very poor survival in patients with PH.

Chronic thromboembolic disease
SSc carries a higher risk of venous thromboembolic disease if antiphospholipid antibodies are present
[37–39]. Therefore, a ventilation/perfusion lung scan should be performed to rule out CTEPH in the
diagnosis workup of PH in SSc.

Isolated pulmonary arterial hypertension
Isolated group 1 PAH is usually presented as the most common cause of PH in SSc. However, as we have
discussed, this could be only partly true as ILD, PVOD and cardiac involvement can affect virtually all SSc
patients to some extent. Finding a patient solely with SSc-PAH, without any ILD, PVOD-like
manifestations or diastolic dysfunction is probably not as frequent. The major problem is to determine
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what drives the elevation of pulmonary arterial pressure in a given patient (figure 1). As a corollary, it is
also necessary to understand when ILD, PVOD-like lesions and diastolic dysfunction are sufficient to
explain PH. While this issue is of utmost importance, the way to solve the question has yet to be
determined.

Conclusions
PH is frequent and may be severe in SSc. The major issue is that there is not one single PH group and one
single mechanism at play in SSc. Many mechanisms can overlap to explain PH in a given patient. ILD,
PVOD and cardiac involvement can complicate understanding and the classification of SSc-PH and should
be carefully assessed in each patient. Further studies are needed to better understand the heterogeneity of
SSc-PH and better classify these patients in order to better treat them.
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