
HAL Id: hal-02318475
https://hal-unilim.archives-ouvertes.fr/hal-02318475

Submitted on 10 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial| 4.0 International
License

Prediction of new onset of resting pulmonary arterial
hypertension in systemic sclerosis

Damien Voilliot, Julien Magne, Raluca Dulgheru, Seisyou Kou, Christine
Henri, Luis Caballero, Carla de Sousa, Muriel Sprynger, Béatrice Andre, Luc

Pierard, et al.

To cite this version:
Damien Voilliot, Julien Magne, Raluca Dulgheru, Seisyou Kou, Christine Henri, et al.. Prediction of
new onset of resting pulmonary arterial hypertension in systemic sclerosis. Archives of cardiovascular
diseases, 2016, 109 (4), pp.268-277. �10.1016/j.acvd.2015.11.014�. �hal-02318475�

https://hal-unilim.archives-ouvertes.fr/hal-02318475
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


1 

PULMONARY ARTERIAL HYPERTENSION IN SYSTEMIC SCLEROSIS 

 

Benoît Lechartier 1, Marc Humbert 2,3,4 

 

1 Department of Respiratory Medicine, Lausanne University Hospital, Lausanne, Switzerland 

2 Université Paris-Saclay, Faculty of Medicine, Le Kremlin-Bicêtre, France;  

3 INSERM UMR_S 999 (Pulmonary Hypertension: Pathophysiology and Novel Therapies), 

Hôpital Marie Lannelongue, Le Plessis-Robinson, France;  

4 Assistance Publique - Hôpitaux de Paris (AP-HP), Department of Respiratory and Intensive 

Care Medicine, French Pulmonary Hypertension Reference Center, Hôpital Bicêtre, Le 

Kremlin-Bicêtre, France. 

 

Character count: 23000 

 

Acknowledgements: BL is a recipient of a research grant from the Fondation Placide Nicod. 

Disclosure of interest:  

BL has no conflict of interest to declare. 

MH reports personal fees from Acceleron, grants and personal fees from Actelion, grants and 

personal fees from Bayer, personal fees from GSK, personal fees from Merck, personal fees 

from Novartis, personal fees from Astrazeneca, personal fees from Sanofi, outside the 

submitted work  

© 2021 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S0755498221000014
Manuscript_609c282691a6e991569413548ed66700

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0755498221000014
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0755498221000014


2 

 

1. SUMMARY 

Pulmonary arterial hypertension (PAH) is a frequent and severe complication of systemic 

sclerosis (SSc) due to combined vasculopathy and fibrogenesis. Early diagnosis and treatment 

are highly challenging in SSc-PAH and require referral to a n expert PAH centre. Diagnostic 

algorithms evolved in the last decade. Novel therapeutic options notably targeting pulmonary 

vascular remodeling are needed. 

 

2. INTRODUCTION 

Pulmonary arterial hypertension (PAH) is a frequent and severe complication of systemic 

sclerosis (SSc), occurring in 8 to 12 % of cases[1–4]. Pulmonary hypertension (PH) and 

interstitial lung disease (ILD) are the two most important complications that affect the lungs 

in SSc, respectively related to vasculopathy and interstitial fibrosis. Both phenomena are key 

pathophysiologic manifestations of SSc that share overlapping characteristics. Indeed, several 

mechanisms of PH may occur and coexist in scleroderma, including PAH associated with 

connective tissue disease (CTD), corresponding to group 1.4.1 of the updated PH clinical 

classification (Box I), due to vasculopathy of the small pulmonary arteries, and PH due to 

chronic respiratory disease in the context of severe ILD (PH group 3). During the course of 

SSc, PH group 2 (due to heart disease) tends to occur more frequently, mainly through the 

development of myocardial fibrosis leading to systolic or diastolic left heart dysfunction. 

Pulmonary veno-occlusive disease (PVOD) can also occur in SSc (PH group 1.6) [5]. 
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Box 1. Updated clinical classification of pulmonary hypertension (PH), adapted from [5] 

PAH: pulmonary arterial hypertension; SSc: systemic sclerosis; PVOD: pulmonary veno-

occlusive disease; PCH: pulmonary capillary haemangiomatosis; LVEF: left ventricular 

ejection fraction. 

 

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 disease, such as SSc 

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) involvement  

1.7 Persistent PH of the newborn syndrome 

 

2 PH due to left heart disease 

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/acquired cardiovascular conditions leading to post-capillary PH 

 

3 PH due to lung diseases and/or hypoxia 

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 multifactorial mechanisms  

5.1 Hematological disorders 

5.2 Systemic and metabolic disorders 

5.3 Others 

5.4 Complex congenital heart disease 
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3. CLINICAL FEATURES 

SSc-PAH patients tend to be asymptomatic in the early course of the disease or only present 

symptoms related to other organ involvement. PAH symptoms are unspecific, such as 

dyspnea on exertion and fatigue, which are often attributed to SSc global functional 

impairment. 

PAH can complicate the course of both limited and diffuse SSc. According to the PHARAOS 

registry, comprising 22 US scleroderma expert centers, the characteristics of patients who 

developed PAH included age > 60 years old, female gender (84 %), limited cutaneous SSc 

(90 %) and a diffusion capacity (DLCO) < 50 % predicted [6]. The common association of 

ILD, PVOD or left heart diastolic dysfunction makes SSc-PAH more complex than other 

forms of PAH, such as idiopathic or heritable cases. In that setting, clinical response to PAH 

drugs can be less convincing, at least in a subset of SSc-PAH patients.  

 

3.1. Updated hemodynamic definition of pulmonary hypertension 

The diagnosis of PAH must be confirmed by right heart catheterisation (RHC), which allows 

the measurement of mean pulmonary arterial pressure (mPAP) together with pulmonary 

arterial wedge pressure (PAWP), pulmonary vascular resistance (PVR) and cardiac output. 

Precapillary PH is hemodynamically defined according to the 6th World Symposium on PH by 

a mPAP > 20 mmHg with pulmonary vascular resistance (RVP) ≥ 3 Wood unit, in the 

presence of a pulmonary arterial wedge pressure (PAWP) ≤ 15 mmHg [5]. The diagnosis of 

PAH is made when the previous hemodynamic criteria are met and once other causes of pre-

capillary PH, such as chronic thromboembolic PH (group 4) and PH due to chronic lung 

disease (group 3), are ruled out, which can be challenging in SSc. 
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3.2. Incidence and prognosis 

PAH occurs in up to 12 % of scleroderma patients [3] and represents a leading cause of 

morbidity and mortality in SSc, exceeding ILD in some registries [7]. In a selected cohort of 

SSc patients with a DLCO < 60 % predicted, mPAP appeared to rise progressively during a 3-

year follow-up. It was possible to identify a mPAP > 25 mmHg in almost one fourth of 

patients using prospective RHC during follow-up [8]. In the French PAH registry, CTD 

(mainly represented by SSc) accounted for 15.3 % of all PAH cases [2]. 

In high risk SSc patients, such as patients with a DLCO < 60 %, as in the DETECT study [9], 

PAH prevalence reaches 19 %. Prevalence of group 2 and group 3 PH in this study was 6 %.  

Despite advances and progresses in PAH therapy, prognosis of SSc-PAH is worse than other 

forms of the disease with a 1-year mortality reaching up to 30 % [6]. In a recent French 

report, over the period 2006-2017, survival improved over time in patients aged ≤ 70 years 

but not in older SSc-PAH patients [10]. In a meta-analysis of nine studies comprising 2,700 

SSc patients, 55 % died of SSc-related causes [11]. Among these, 35 % were related to lung 

fibrosis, 26 % to PAH, 26 % to heart failure and arrhythmias, and 4 % to renal crisis. 

 

3.3. Early detection of pulmonary hypertension in scleroderma 

There is growing evidence that in SSc-PAH, as in other CTD-PAH, patients with a mild 

elevation in mPAP (21-24 mmHg) demonstrate symptoms, particularly at exercise, and may 

have a poorer outcome compared to controls with mPAP ≤ 20 mmHg. The updated 

hemodynamic definition of PH does not necessarily imply to treat all these patients, however 

SSc patients with mildly elevated mPAP should be closely monitored [5]. 

In a recent prospective study in Heidelberg and Zurich [12], among 284 SSc patients, 146 

(49.2%) had mPAP ≤ 20 mmHg, 19.3 % had mPAP 21-24 and 29.4 % had mPAP ≥ 25 

mmHg. In the 21-24 group, only 4 patients (1.4%) had PVR values ≥ 3 WU and could be 
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classified as SSc-PAH according to the recently proposed definition. Interestingly, 9.8% of 

cases presenting with mPAP 21-24 and PVR ≥ 2WU already presented signs of disease with 

decreased 6-minute walking distance (6MWD), tricuspid annular plane systolic excursion 

(TAPSE) and pulmonary arterial compliance, and most importantly reduced long-term 

survival. Thus, a PVR threshold of 2 WU was already associated with significant pulmonary 

vascular disease in SSc and might be a better cut-off for earlier detection of PAH [12]. 

 

4. PATHOPHYSIOLOGY 

PAH is a manifestation of vascular injury and endothelial cell dysfunction [13]. Vascular 

changes are early expressions of SSc and comprise apoptosis, endothelial cell activation, 

inflammatory cell recruitment, intimal proliferation and adventitial fibrosis. These 

mechanisms lead to vessel obliteration, together with a procoagulant state which may 

eventually increase mPAP [14,15]. PAH is associated with the formation of neo-intimal 

vascular lesions within the arteries, as a result of an augmented proliferation of endothelial 

cells (ECs) and smooth muscle cells (SMCs) [16]. It was long assumed that resident α –

smooth muscle actin-positive cells were issued from SMCs, however experimental evidence 

demonstrated that in SSc-PAH the formation of this neo-intima is caused by endothelial-to-

mesenchymal transition (EndoMT) [17],[18]. EndoMT is a biological process in which ECs 

progressively evolve and transform their endothelial phenotype into a mesenchymal or 

myofibroblastic phenotype, a key process in angiogenesis and tissue regeneration [19]. Doing 

so, ECs are able to dissociate from the endothelial monolayer surface of the vessel and 

migrate toward the inner tissue. Chronic activation of EndoMT pathways causes the loss of 

endothelium integrity and invasion of the sub-endothelial area by proliferative mesenchymal 

cells [20]. SSc-PAH pathophysiology is far from being entirely revealed, however several 

recent studies gave new insights into key mechanisms. 
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The blockade of interleukin-1 (IL-1) signalling in an animal model of SSc-PAH worsened 

pulmonary fibrosis, enhanced T helper type 2 inflammation and increased the activation of 

pro-fibrogenic macrophages, whereas IL-1 stimulation in vitro reduced collagen expression in 

pulmonary arterial SMCs and parenchymal fibroblasts [21]. 

Microarray experiments revealed that the matrix metalloproteinase 10 (MMP-10) gene was 

the top upregulated gene in SSc-associated PH endothelial progenitor-derived endothelial 

cells [22]. MMP-10 is overexpressed in the serum and pulmonary arteries of patients with 

SSc-PAH and its blockade reduces PH in a murine model, representing a putative treatment 

target [22].  

Lysyl oxidase (LOX) is an extracellular enzyme that cross-links collagen fibrils and is located 

in the proliferating endothelium in lung arterioles [23]. LOX was found to be increased in 

serum of SSc patients [24]. A recent multicentre study demonstrated that serum LOX levels 

are increased in established SSc and inversely correlated with the DLCO, thus suggesting a 

pathophysiological role for LOX in SSc-PAH [23].  

 

5. SCREENING AND EARLY DIAGNOSIS STRATEGIES 

Reducing the time to diagnosis is crucial in all forms of PAH, including SSc-PAH, to initiate 

early management and improve clinical outcome [25].  

 

5.1. Doppler echocardiography 

Once SSc diagnosis is established, regular assessment of cardiovascular involvement is 

mandatory. Echocardiography allows the evaluation of the systolic and diastolic left 

ventricular function, measurement of left and right heart chambers, assessment of valves and 

pericardium, and estimation of systolic pulmonary artery pressure (sPAP). Doppler 
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transthoracic echocardiography (TTE) is recommended whenever PAH is suspected and has 

the highest level of evidence of current tests used to screen for PAH (Table I) [26]. 

Considering the high prevalence of PAH in SSc, annual screening is widely recommended, 

followed by RHC if an elevated tricuspid regurgitant jet velocity, with or without other 

echocardiographic signs of PH [26]. 

The peak tricuspid regurgitation velocity (TRV) is an important parameter to estimate sPAP. 

Although higher TRV values (> 2.8 m/s) are associated with an increased probability of PH, 

there can be individual discrepancies between estimated sPAP and RHC measures [27]. Other 

echocardiographic PH signs comprise notably the flattening of the interventricular septum, an 

elevated early diastolic pulmonary regurgitation velocity (> 2.2 m/sec) and a right atrial area 

> 18 cm2 [26]. 

 

 

 

Table I. Echocardiographic probability of pulmonary hypertension in symptomatic 

patients with a suspicion of pulmonary hypertension of any cause, from [26].  

TTE: Transthoracic echocardiography; PH: pulmonary hypertension.  

Peak tricuspid regurgitation 

velocity (m/s) 

Presence of other TTE 

‘PH signs’ 

Echocardiographic 

probability of PH 

< 2.8 or not measurable No Low 

< 2.8 or not measurable Yes 

Intermediate 

2.9-3.4 No 

2.9-3.4 Yes 

High 

> 3.4 Not required 
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The DETECT study algorithm (Figure 1.A.) has provided an evidence-based multimodal 

approach to early detection of PAH in a cohort of scleroderma patients at increased risk of 

PAH (SSc for more than 3 years and predicted pulmonary diffusing capacity for carbon 

monoxide (DLCO) <60%) [9]. Six simple assessments occur in Step 1 of the algorithm 

determined referral to Doppler echocardiography. In Step 2, the Step 1 prediction score 

together with two echocardiographic variables determined referral to RHC. DETECT showed 

that this two-step algorithm including electrocardiographic, echocardiographic and laboratory 

biomarkers selecting patients to undergo RHC had greater sensitivity than Doppler 

echocardiography on its own in detecting SSc-PAH. In that study, using only Doppler 

echocardiography at rest missed about 50 % of PH diagnosis. Results from this study suggest 

that TRV and right atrial area are the two key TTE parameters to select patients for RHC 

referral [9].  

 

5.2. Diffusion capacity for carbon monoxide  

Diffusion capacity for carbon monoxide (DLCO) measures gas exchange through the alveolar 

membrane, which is dependent on the thickness of the alveolar membrane and abundance of 

the lung capillary bed. The vast majority of SSc-PAH patients have decreased DLCO values 

whereas a reduced DLCO with preserved pulmonary volume on spirometry (forced vital 

capacity: FVC) has been proposed as a marker of pulmonary vasculopathy [26]. A FVC/DLCO 

ratio (both expressed as percentage of predicted values) ≥ 1.8 suggests a more pronounced 

reduction of gas transfer when compared to lung volume, thus increasing the likelihood of 

pulmonary vascular disease. This parameter features in the Australian Scleroderma Interest 

Group (ASIG) algorithm (Figure 1.B.) [28]. 

 

5.3. Cardiopulmonary exercise testing 
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Dumistrescu et al. investigated the utility of cardiopulmonary exercise testing (CPET) for 

early detection of PAH in 173 SSc patients who also underwent RHC [29]. A peak oxygen 

consumption (VO2) above 18.7 ml/kg/min was found to be the most accurate parameter for 

excluding SSc-PAH in 100% of patients [29]. Moreover, a nadir ventilator efficiency (ie, 

minute ventilation relative to carbon dioxide production, VE/VCO2 ratio) > 45.5 had a 

positive predictive value of 1.0.  

Recently, Santaniello and colleagues reported that selected CPET parameters were predictive 

for the presence of PAH in SSc patients and could, together with the DETECT algorithm, 

improve the diagnostic workup of SSc-PAH and reduce the number of referrals for RHC [30]. 

 

5.4. Clinical signs and biomarkers 

In a French study, no relationship was found between the presence of digital ulcers and SSc-

PAH [31]. Epidemiologic studies do not clearly demonstrate a strong link between digital 

ulcers and other vascular complications. Some autoantibodies are commonly associated with 

some SSc subgroups: anticentromere antibodies are more commonly found in patients with 

limited SSc-associatated PAH, anti-Scl70 - anti-topoisomerase antibody-type of anti-nuclear 

autoantibodies- are characteristic of diffuse SSc with a more important risk of ILD, and anti–

RNA polymerase III antibodies are associated to severe disease with major organ and diffuse 

cutaneous involvement [32]. 

Blood levels of B-type natriuretic peptide (BNP) and its N-terminal inactive fragment, N-

terminal pro-BNP level (NT pro-BNP), are markers of myocardial wall stress and are elevated 

in PH [33]. In a SSc cohort study, high NT pro-BNP serum levels and low DLCO were 

independent predictors of the occurrence of PAH [34]. In the same cohort, NT pro-BNP was 

an independent predictor of 3-year mortality in SSc patients. A NT pro-BNP value of 125 

ng/l, suggested for the diagnosis of a reduced left ventricular ejection fraction or PAH, was 
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confirmed as a reliable threshold to predict mortality and thus should be considered as part of 

the routine evaluation of SSc patients [34]. Of note, elevated NT pro-BNP levels can also 

reveal left ventricular dysfunction and can be seen in renal insufficiency without PH 

correlation. In the DETECT study, elevated serum urate levels were predictive of PAH [9]. 

Urate is the final product of purine degradation and elevated levels are thought to reflect 

impaired oxidative metabolism as a consequence of tissue ischaemia in PAH [35].  

 

5.5. Current screening/early diagnosis algorithms 

Validated screening strategies for PAH currently only exist for patients with SSc, as 

compared to other PAH subtypes (Figure 1). The French ItinerAIR Sclérodermie study 

(Figure 1.C.) had a pioneering role in demonstrating the ability of a screening strategy based 

on Doppler echocardiography and symptoms to identify SSc patients with milder 

haemodynamic impairment [4]. As indicated above, the DETECT algorithm is a non-invasive 

prediction score to screen for SSc-PAH in patients with a disease duration > 3 years and a 

DLCO < 60 % of predicted [9]. In the first step, six clinical parameters are assessed, including 

clinical signs and biomarkers, to identify which patients should undergo a TTE (Step 2). High 

risk patients from Step 2 should then be referred for a RHC. Compared with screenings based 

on TTE alone, the DETECT algorithm identified PAH-SSc patients with less severe 

haemodynamic impairment. DETECT was also able to identify patients with mPAP > 20 

mmHg, relevant with the recent recommendations of the World Symposium [5]. The ASIG 

algorithm combines pulmonary function tests and NT pro-BNP serum value, without TTE 

assessment with a sensitivity and specificity for PAH detection of respectively 94.1 % and 

54.5 % [28]. 
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Following the 6th World Symposium on PH, the recommended diagnostic workup for SSc-

PAH was updated [36]. For SSc patients with uncorrected DLCO ≥ 80% of predicted, annual 

screening may be considered with TTE alone. For DLCO values < 80 %, the proposed 

algorithm is shown in Figure 2. 

 

6. CARDIAC INVOLVEMENT 

Myocardium involvement in SSc causes fibrosis and impaired microcirculatory function [37]. 

Myocardial fibrosis is the pathological hallmark of this complication and has been reported in 

up to 80 % of necropsy study cases [38].  The worse SSc-PAH morbidity, mortality and 

decreased response to vasodilator therapy, as compared to other PAH cases, might be related 

at least in part to the inadequate compensation of the right ventricle to elevated afterload. 

Failure of the right ventricle to cope with SSc-PAH leads to inadequate coupling between 

right ventricle contractile function and increased pulmonary afterload due to PAH. Recently, 

Nagel et al. highlighted the key role of the right ventricle in SSc [39]. They prospectively 

studied RV and pulmonary vascular hemodynamics at rest and during exercise in SSc patients 

with mild PAH (21-24 mmHg). This subgroup of patients demonstrated decreased 6MWD 

and reduced augmentation of the RV output during exercise [39]. 

 

 

7. TREATMENT 

SSc-PAH constitutes a clinical challenge to properly diagnose and treat. Medical treatment 

tends to be more complex than in idiopathic PAH as patients are often less responsive to 

specific therapy, although they tend to have milder hemodynamic impairment. This is likely 

related to the heterogeneous extent of vasculopathy and the variety of clinical phenotype of 

SSc-PAH, with a frequent overlap between two or more mechanisms of PH. 
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7.1. PAH therapy 

Basic therapy includes diuretics in case of right ventricular failure and long-term oxygen 

therapy in case of hypoxaemia. Long-term favourable response to calcium channel blocker is 

reported in virtually no SSc-PAH cases and high dose calcium channel blocker therapy is thus 

not recommended for PAH (while it can be used at low doses for the treatment of Raynaud’s 

phenomenon). The long-term risk benefit ratio of oral anticoagulation is not favourable in 

SSc-PAH because of an increased risk of bleeding [40]. Corticosteroids and 

immunosuppressants are neither indicated nor efficacious in SSc-PAH [41]. 

The three pathways of endothelial cell dysfunction targeted by currently approved PAH 

medications are the nitric oxide pathway, endothelin pathway and prostacyclin pathway. 

Treatments comprise endothelial receptor antagonists (ERA), phosphodiesterase type 5 

inhibitors (PDE-5i), soluble guanylate cyclase stimulator, prostacyclin analogues and 

prostacyclin receptor agonist. Synergistic action of drugs acting on each of the three pathways 

is the cornerstone of the modern strategy to treat PAH with initial or sequential combination 

therapy [26].  

Patients with CTD have been included in most of the major RCTs for regulatory approval of 

PAH medications. These studies have demonstrated efficacy of PAH drugs in CTD-associated 

PAH, where the majority cases have SSc. Following the 2015 ESC/ERS PH guidelines [26], 

treatment of patients with SSc-PAH should follow the same algorithm as in idiopathic PAH as 

we now have a robust experience with oral and parenteral vasodilators use in SSc-PAH.  

Patients presenting with low or intermediate risk (including New York Heart Association 

(NYHA) functional class II-III) should be started either on initial monotherapy or oral 

combination [26,42]. In high-risk SSc-PAH patients (NYHA functional class IV), guidelines 

underscore that initial combination therapy should include a parenteral prostacyclin [26,42]. 

After treatment initiation, every patient should be regularly reassessed for risk/functional class 
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to evaluate treatment response and consider reinforcement, when needed. An algorithm for 

SSc-PAH treatment is displayed in Figure 3. Subgroup analysis of patients with SSc-PAH 

enrolled in RCTs (with ERA, PDE5i, soluble guanylate cyclase stimulator, prostacyclin 

analogues and prostacyclin receptor agonist) have shown favourable effects. The choice of 

therapy in SSc-PAH may also take into account other manifestation of vasculopathy such as 

digital ulcers. 

In the first SSc-PAH dedicated randomized controlled trial, continuous intravenous 

epoprostenol therapy was shown to improve exercise capacity, symptoms and hemodynamics 

[43]. Retrospective analysis however shows a better effect of i.v. epoprostenol on survival in 

idiopathic PAH as compared with SSc-PAH. The GRIPHON study included 170 patients with 

SSc-PAH and revealed a 41 % risk reduction in the composite morbidity/mortality endpoint 

in patients treated with selexipag versus placebo [44,45]. SSc-PAH subgroup analysis of the 

AMBITION trial, testing the efficacy of the combination ambrisentan and tadalafil, showed 

reduction in clinical failure by 55 % compared to monotherapy with either agent [46].  

7.2. Lung transplantation 

Despite PAH therapy, a subset of patients progress to end stage disease with severe functional 

impairment. In case of inadequate clinical response, SSc-PAH patients should be considered 

for lung transplantation, as SSc is not a contraindication for lung transplantation per se. 

Recent studies suggest similar post-transplant outcomes in SSc-ILD patients compared to 

those with other causes of ILD [47,48]. A recent multicentric retrospective analysis 

demonstrated that female sex and PAH in combination were associated with lower post-

transplant survival [48]. A multidisciplinary team should consider SSc specificities during 

pre-transplantation evaluation, especially gastro-intestinal, cardiac, renal and cutaneous 

involvements.   
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7.3. Future treatment directions 

Currently available PAH therapies target endothelial dysfunction and improve symptoms and 

survival. However, no available treatments yet reverse abnormal pulmonary vascular 

proliferation and remodelling. 

The important roles of autoimmunity and inflammation in the pathogenesis of both SSc and 

PAH suggest that newer biological treatments should potentially target specific inflammatory 

pathways. Several clinical trials are exploring the impact of various anti-inflammatory agents 

in PAH. These include notably rituximab, a chimeric anti-human CD20 (ClinicalTrials.gov 

identifier NCT01086540) in SSc-PAH patients; tocilizumab, a humanised anti-IL-6 receptor 

antibody in PAH patients (ClinicalTrials.gov identifier NCT02676947); FK506 (tacrolimus), 

a calcineurin inhibitor that has been shown to upregulate Bone Morphogenetic Protein 

Receptor type II expression [49]. FK506 was however disappointing in a phase IIa trial in 

PAH patients, with no statistical improvement of 6MWD or TTE parameters [50].  

Nintedanib is a small molecule that inhibits a variety of tyrosine-kinase pathways, including 

platelet-derived growth factor receptor, fibroblast growth factor receptor and vascular 

endothelial growth factor receptor tyrosine kinases. It demonstrated a potential to inhibit the 

proliferation of pulmonary SMCs, thus preventing vascular occlusion while inhibiting the 

apoptosis of ECs in a murine model of SSc [51]. Nintedanib recently demonstrated a reduced 

decline in FVC among nintedanib-treated SSc patients, although no clinical benefit was 

observed for other SSc characteristics including DLCO [52]. 

The results of the antioxidant bardoxolone methyl in phase II trials of SSc-PAH  

(ClinicalTrials.gov identifier NCT02657356) points towards a possible role for oxidative 

stress and chronic inflammation, via mitochondrial dysfunction, in SSc-PAH.  

  

8. CONCLUSIONS  
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PAH is a severe manifestation of two of the hallmarks of SSc, vasculopathy and fibrogenesis. 

A major issue in handling PAH-SSc patients is possible overlapping causes of PH such as 

lung fibrosis and/or diastolic dysfunction. Referral to a specialised centre with 

multidisciplinary team discussion is recommended for all SSc cases with clinical parameters 

suggesting PAH. Specific PAH therapy should be introduced according to guidelines, once 

confounding causes of PH are ruled out. We urgently need innovative therapeutic options for 

this very severe condition. Some preclinical and clinical studies are currently underway and 

could pave the way for potent tailored therapies for SSc-PAH patients. 
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Figure 1. Summary of three approaches to screen for SSC-PAH, adapted from [25]. A. The 

DETECT study [9]. B. The algorithm of the Australian Scleroderma Interest Group [28]. C. The ItinerAIR 

Sclérodermie algorithm [4]. TTE: Transthoracic echocardiography; RHC: right heart catheterisation; PFT: 

pulmonary function tests; DLCO: diffusion capacity for carbon monoxide (in percent predicted); FVC: forced vital 

capacity (in percent predicted); HRCT: high resolution computed tomography; V/Q: ventilation perfusion scan; 

NT pro-BNP: N-terminal pro-brain natriuretic peptide; TR: tricuspid regurgitant jet; VTR: peak velocity of 

tricuspid regurgitation. 

 



 

Figure 2. 6th World Symposium on PH proposed diagnostic algorithm for SSc-PAH, 

adapted from [36]. ULN: upper limit of normal; TTE: transthoracic echocardiography; RHC: 

right heart catheterisation; DLCO: diffusion capacity for carbon monoxide (in percent 

predicted); FVC: forced vital capacity (in percent predicted); NT pro-BNP: N-terminal pro-

brain natriuretic peptide. 

 



 

Figure 3. Proposed treatment algorithm for SSc-PAH, adapted from [26,42]. SSc: systemic 

sclerosis; PAH: pulmonary arterial hypertension; PCA: prostacyclin analogue.  

 




