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Abstract: Objective: to retrospectively evaluate the incidence rate (IR) of echocardiographic signs suspected for 

pulmonary hypertension (PH) in Systemic sclerosis (SSc) patients after the introduction of a combination 

therapy with bosentan and sildenafil for treatment or prevention of digital ulcers. Methods: patients attending 

the Scleroderma Unit of the Universital Hospital of Careggi from July 2010 to July 2023 were enrolled. Patients 

older than 18 years old, with an history of digital ulcers, treated with bosentan and sildenafil in combination 

for at least 12 months were included. Patients with a diagnosis of PH preceding the introduction of the therapy 

were excluded. Demographical data, disease duration, laboratoristic and instrumental data (pulmonary 

function tests, echocardiographic estimation of pulmonary artery pressure (PAPs) and ultrasonographic value 

of renal resistive index) were collected. The IR of echocardiographic signs suspected for pulmonary 

hypertension and their 95% confidence interval were calculated in events/1000 patients-years.Results: forty-

seven patients were enrolled; mean disease duration was 12,14 years (SD 5,87). Mean duration of the 

combination treatment was 78.33 (SD 41.37) months and total at-risk time was 3525 months. Two patients (4,2%) 

presented echocardiographic signs of PH (sPAP 50 mmHg and 40 mmHg); the IR was calculated to be 6.8/1000 

patients-years (95% CI 6,02-7,7). In one of the 2 patients RHC excluded PAH, while the other patient refused to 

undergo to RHC and PAH could not be confirmed/excluded. A stability of PFTs and echocardiografic PAPs 

was observed during the observation time. Conclusions: the results of this retrospective study suggest that 

combination therapy with endothelin receptor antagonist and Phosphodiesterase-5 (PDE5) inhibitors could 

help in preventing PAH in SSc; prospective case-control studies on larger population are needed to improve 

knowledge in this field. 
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1. Introduction 

Systemic Sclerosis (SSc) is a chronic connective tissue disease characterized by vasculopathy, 

inflammation with activation of the immune system and production of specific antibodies and 

fibrosis of skin and internal organs [1]. Nowadays, an early recognition of the disease and a propt 

treatment, along with a constant follow up, permit to reduce SSc morbidity and mortality, but severe 

manifestations are still a challenge fo rheumatologist involving in SSc management. Moreover, as the 

expectancy of life for SSc patients grew up, new needs in treating a long-standing disease are 

emerging. Pulmonary arterial hypertension (PAH) is a serious complication of SSc vasculopathy, 

representing one of the main causes of SSc-related deaths together with interstitial lung disease 

(ILD)[2] Pulmonary hypertension (PH) is a hemodynamic state defined by a mean pulmonary arterial 

pressure (mPAP)>20 mmHg at rest at right heart catheterization (RHC) that still represents the gold 
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standard diagnostic test. PH may be caused by different clinical conditions, often requiring a 

multidisciplinary approach, and it is clinically classified in five groups[3]: PAH (group 1), PH 

associated with left heart disease (group 2), PH associated with lung disease and/or hypoxia (group 

3), PH associated with pulmonary artery obstructions (group 5) and PH with unclear and/or 

multifactorial mechanisms (group 6). 

SSc patients may present different clinical conditions associated with PH, in fact aside from PAH, 

patients can develop group 2 PH due to left-heart dysfunction, group 3 PH because of ILD, and, less 

commonly, pulmonary veno-occlusive disease (group 1). In this context, a previous study reported 

19% of PAH, 6% of group 2 PH and 6% of group 3 PH among 466 SSc patients subjected to RHC[4]. 

Differentiate between these groups is mandatory to establish the prognosis and to select the more 

appropriate treatment. 

The prevalence of PAH within the SSc population is estimated between 6.4% and 9%[5], varying 

particularly according to the disease subset. The incidence of SSc-PAH in patients with limited 

cutaneous SSc and diffuse cutaneous SSc is estimated to be 1.25 and 0.4 cases per 100 patient-years, 

respectively[6]. During the last period, both innovation in the treatment and timely diagnosis of PAH 

improved its prognosis but mortality rate remains high with three years survival rate of 62%[7] and 

an estimated 10-year survival rate of only 26.8%[8]. The prognosis of SSc patients with PAH is 

strongly linked to the early detection of PAH and for this reason, the prompt identification of patients 

at major risk to develop this complication is mandatory. Major risk factors for PAH development 

include the positivity of anti-centromere antibodies (ACA), extensive telangiectasias and longer 

disease duration[9]. 

In addition, PAH in SSc seems to have a worst outcome than the idiopathic form and now no 

prevention pharmacological strategy has been individuated to prevent this life-threatening 

condition[10]. Moreover, the response to specific PAH therapies is linked to the function class at time 

of diagnosis and for all these reasons, over the years different screening processes have been proposed 

to early detect this condition[11]. Among these, the DETECT (detection of pulmonary arterial 

hypertension in SSc), the ASIG (Australian Scleroderma Interest Group) and the ITINER-Air (French 

multicenter transversal observational study) are composite algorithms commonly available in clinical 

practice[12]  

Beyond these screening algorithms, echocardiographic parameters are widely used as screening 

tools for PAH, in particular systolic pulmonary arterial pressure (sPAP) that is also included in the 

French model. Others echocardiography parameters are evaluated in clinical practice, as the tricuspid 

regurgitation velocity (TRV) and the right atrium area, both included in the DETECT algorithm. In 

addition to echocardiography, other examinations are routinely performed in SSc patients as 

screening tools for PAH, including pulmonary function test (PFTs) with particular attention to lung 

diffusion for carbon oxide (DLCO) and biomarkers as the N-terminal pro-B-type natriuretic peptide 

(NT-proBNP). Among clinical manifestations,  the presence of unexplained dyspnoea is a unspecific 

symptom that may indicate the presence of PAH and must lead to an instrumental evaluation.  

In this context, the recent ESC/ERS guidelines for the diagnosis and treatment of PH remarked 

the importance of echocardiography as the first-line, non-invasive, diagnostic investigation in 

suspected PH particularly assessing the TRV and the presence of other signs suggestive of PH. 

Once SSc-related PAH is diagnosed, therapies are based on underlining pathogenetic pathway 

and patients’ risk assessment including prostacyclin analogs, endothelin receptor antagonists (ERA), 

phosphodiesterase isoenzyme 5 inhibitors (PDE5is) and guanylate cyclase stimulator (riociguat). 

According to the ESC guidelines, patients in the high-risk group should start PAH pharmacotherapy 

with a combination of triple therapy containing ERA, PDE5i and parenteral prostacyclin. Patients 

with low- or intermediate-risk should start with dual combination therapy containing ERA and 

PDE5i or riociguat.  

Among the vascular therapeutic options for SSc, ERAs account for both vasodilating and anti-

fibrotic properties and bosentan, a dual ERA, has proven effective to heal active ulcers[13] and to 

prevent their recurrence. PDE5s, as sildenafil, promote vascular smooth muscle relaxation and 
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vasodilatation[14]. For this reason, both bosentan and sildenafil are widely use in patients with PAH 

and they are also indicated in treating digital ulcers (DUs) and Raynaud’s phenomenon, respectively. 

The aim of this retrospective study is to evaluate the incidence of echocardiographic signs 

suspected for PH, in particular sPAP, in SSc patients treated with with bosentan and sildenafil for 

peripheral vasculopathy (active DUs or prevention of their recurrence). 

2. Materials and Methods 

SSc patients attending the Scleroderma Unit of Universital Hospital of Careggi from July 2010 to 

July 2023 were enrolled in a retrospective observational study. Inclusion criteria were: age≥18 years 

old, to be classified as SSc according to ACR/EULAR 2013 classification criteria[15], an history of 

digital ulcers (DUs), to be treated with bosentan and sildenafil in combination since at least 12 months 

and to have echocardiographic evaluation at baseline (time of bosentan and sildenafil introduction) 

and at the end of the observation period . Bosentan was administered at a dosage of 125 BID die; 

sildenafil was administered at a dosage of 20 mg TID die. Patients with a diagnosis of PAH or PH at 

RHC preceding the introduction of the therapy were excluded from the study.For each patient, 

demographical data, disease features (SSc-specific antibodies, renal arterial resistive index assessed 

by ultrasound examination), data on combination therapies were collected at baseline. In addition, 

echocardiographic parameters (sPAP) and PFTs values (forced vital capacity (FVC) and DLCO 

expressed as percentage of theorical measures) were collected for all patients at baseline and at the 

end of the observation period. We considered sPAP> 40mmHg the echocardiographic sign to suspect 

the presence of PH. 

Statistical analysis was made through software R 3.5.2 GUI 1.70 El Capitan build (7612). 

Categorical variables were described using frequencies and percentages, numerical variables were 

described by mean and standard deviation. The incidence rate of echocardiographic signs suspected 

of pulmonary hypertension (sPAP> 40mmHg) in the study population and its 95% confidence interval 

were calculated in events/1000 patients-years. When available, data of RHC were recorded, defining 

a case of PAH a mean pulmonary arterial pressure (mPAP) 25 mmHg, a pulmonary capillary wedge 

pressure (PCPw) of 15mmHg and pulmonary vascular resistance>3 Wood units[16]. 

Baseline and follow up PFTs and PAPs were compared using paired T test, with significancy 

levels fixed at 5%. 

The study was approved by the Ethical Committee of Florence: 37/2008. All patients gave their 

written informed consent. 

3. Results 

47 patients, with a diagnosis of SSc and past or active DUs received a vasoactive treatment with 

bosentan and sildenafil for at least 12 months and were enrolled in the study. Among them, 42 (89,4%) 

were female; the mean age was of 57,87 years old (SD 14,87) and the mean disease duration was 12,14 

years (SD 5,87). 21 patients (44,7%) were positive for anti-topoisomerase I (anti-topo I) antibodies, 

while 16 (34%) were ACA positive. Five patients did not have SSc-specific antibodies neither other 

autoantibody ‘positivity. Eleven (23.4%) patients had a lungs’involvement with the presence of 

interstitial lung disease.  

Regarding concomitant vasodilator therapies, 11/47 patients (23,4%) were also treated with 

periodical Iloprost infusions.  

The mean duration of the treatment was 78.33 (SD 41.37) months and total at-risk time was 3525 

months.  

In Table 1, populations characteristics and baseline laboratoristic and instrumental data (NT-

proBNP, PFTs parameters, echocardiographic sPAP and RI values) are reported. As described, the 

mean basal sPAP was within the range of normality. 

Among all patients, only 2 patients (4,2%), at the end of follow up, presented echocardiographic 

signs of pulmonary hypertension (sPAP≥40 mmHg) with a sPAP of 50 mmHg and 40 mmHg, 

respectively. The incidence rate of echocardiographic sign of PH was calculated to be 6.8/1000 

patients-years (95% CI 6,02-7,7) 
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Table 1. 

Sex, n°(%)    

Females 42 (89.4) 

Males  5 (10.6) 

Age, mean (SD) 12.14 (5.87) 

Disease duration, mean (SD) 57.87 (14.87)  

Autoantibodies, n° (%)   

ACA 16 (38.1) 

anti-topo I 21 (50.0) 

Anti-RNP 1 ( 2.4) 

Anti Pm/Scl 1 ( 2.4) 

Anti Ro52 2 ( 4.8) 

Anti Sm 1 ( 2.4) 

Presence of ILD, n° (%) 11 (23.4) 

FVC (%), mean (SD)  98,61 (16,66)  

DLCO (%), mean (SD)  69,61 (18,84)  

PAPs (mmHg), media (SD)  28,16 (5,60)  

NT-proBNP (pg/mL), mean (SD)  327,71 (528,85)  

Renal resistive index 70,72 (4,71) 

Baseline clinical, laboratoristic and instrumental data. 

RHC was proposed to both patients with echocardiographic signs of pulmonary hyper  tension 

but one refused this examination. In the other patient, RHC showed hemodynamic findings 

compatible with mild post-capillary PH and PAH was ruled out. As reported in Table 2, a stability in 

PFTs values and echocardiographic sPAP, was observed from baseline to the end of follow up in the 

studied population. No scleroderma renal crisis was recorded during the observation period. 

Table 2. 

 BL FU p value 

FVC (%), mean (SD)  98,61 (16,66) 99,59 (25,10) 0.777 

DLCO (%), mean (SD)  69,61 (18,84) 69,61 (18,84) 0.938 

PAPs (mmHg), media 

(SD)  28,16 (5,60) 

29,21 (7,16) 0.171 

Comparison between functional and echocardiographic baseline and follow up values. 

4. Discussion 

PAH is due to a proliferative remodeling of small pulmonary arteries representing a fearful 

manifestation of SSc and according with the 2022 ESC/ERS guidelines it is hemodynamically defined 

as a pre-capillary PH (in the absence of other causes of pre-capillary PH) with a mPAP >20 mmHg, a 

PAWP (pulmonary arterial wedge pressure) ⩽15 mmHg and a PVR (pulmonary vascular 

resistance)>2 WU at RHC. The prevalence of PAH within the SSc population is highly variable, 

particularly according to the disease subset. Major risk factors for PAH development include the 

positivity of anti-centromere antibodies, longer disease duration and the presence of other signs of 

vasculopathy, as extensive cutaneous telangiectasia[17], digital ulcers[18] and digital pitting 

scars[19]. PAH remains a major cause of death in SSc patients, however over the last years the 

management of this complication has certainly improved thanks to the use of new drugs. In this 

context, the AMBITION trial[20] showed the goodness of early introduction of combination therapy 

with once-daily ambrisentan and tadalafil, as compared with monotherapy with either of these 

agents, having as primary outcome a composite end point of death, hospitalization for worsening 

PAH, disease progression, or unsatisfactory long-term clinical response. However, to our knowledge 

few studies evaluated the incidence of new PAH cases in SSc patients treated with vasoactive drugs 
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because of the presence of DUs. Castellvì et al[21] conducted a retrospective case-control study in 237 

SSc patients with previous history of DUs and compared the occurrence of new PH  

echocardiographic diagnosis in patients treated (n=59) and not-treated (n=163) with bosentan for at 

least one month. The median treatment duration was of 34 (95% CI 5–59) months. During the follow-

up, 13.8% of treated patients with bosentan and 23.7% of no treated developed PH based on 

echocardiography definition (OR = 0.52; CI95% = 0.22–1.19) without significant differences between 

the two groups. However, authors performed a multivariate analysis finding that patients without 

bosentan had a baseline higher risk to develop PH (3.91 (IC95%:1.3–11.6; p<0.02) so that bosentan 

could have been protective against PH in this group. Caramaschi et al[22] evaluated the incidence of 

PH in 81 patients treated with cyclic iloprost infusion for severe Raynaud phenomenon and/or DUs. 

At the end of follow up (61.3 +/- 29.3) months, 9 patients presented with echocardiographic signs of 

PH. One of them, underwent RHC which excluded PAH. Even if the incidence rate of PH in this study 

was in line with the one reported in literature in larger cohorts, authors stated that none of the 

included patients developed severe isolated pulmonary hypertension. In 2021, Pestaña-Fernández et 

al[23] analyzed 544 patients with SSc and an history of DUs. Out of them, 221 was treated with ERA 

and/or PDE5is, while the other 323 did not receive vasoactive therapy. The incidence rate of PAH  

diagnosed on the basis of RHC resulted 7.7 (95% CI 4.7, 12.0) per 1000 person-years in the treated 

group compared with 7.8 (95% CI 5.2, 11.3) per 1000-person years (p value of 0.988) in the no-

treatment group. The incidence rate difference between groups did not achieve statistical significance 

[0.1 (4.8, 4.69); p 0.988]. The authors stated that patients treated with ERA and or PDE5is could show 

a more severe vascular involvement. Moreover, a longer time between the DUs’ presentation and 

scleroderma renal crisis development was observed so that vasoactive drug could exert a protective 

role. However, authors did not perform a sub analysis to compare patients in monotherapy and 

patients in combination therapy with ERA and PDE5is. 

Our study evaluated the presence of echocardiographic signs of PH in patients treated with 

combination therapy with bosentan and sildenafil for peripheral vasculopathy, reveling that only 

2/47 patients showed an increase in sPAP at the end of the observation period (56 and 130 months). 

One patients was subjected to RHC and a mild post-capillary PH was diagnosed. Unfortunately, one 

of two patients with increased sPAP at follow-up refused the RHC which may not have confirmed 

the presence of a PAH, reinforcing the hypothesis that the combo-therapy could be preventive for 

PAH development. Overall, our data reported a stabilization of echocardiography parameters in 

patients treated with bosentan and sildenafil suggesting a potential preventive role of this 

combination therapy in the development of instrumental alterations suggestive of PH. As above 

reported, echocardiography represents the first-line, non-invasive, diagnostic investigation in 

suspected PH. Therefore, from a clinical point of view, the data of our study translate into a low 

number of patients candidate for RHC which represents a more (even if minimally) invasive 

examination. 

Our study presents some limitation: first of all, the lack of a control group, however justified by 

our clinical practice . In fact, in our center all patients with DUs or with history of DUs are candidates 

for combination therapy with a vasoactive treatment (bosentan) and with a vasodilator (sildenafil or 

iloprost) if no contraindications are present. Therefore, the control population (patients not treated 

with bosentan and sildenafil) at our disposal was represented by SSc subjects without DUs that are 

known themselves to represent a severe sign of peripheral vascular disease associated with PAH. In 

addition, the only echocardiographic parameter available for all patients at baseline and follow-up 

were represented by sPAP, while data on TRV and right atrium area were available for few patient 

not allowing a statistical analysis of these values.  Other limitations of our study include the small 

sample size, its retrospective nature, and the relatively short follow up that prevent from doing 

definitive comparison with PAH epidemiological data. Anyway, in our population,  the low 

incidence of increased values of sPAP, along with the stability of PFT parameters allow to be optimist 

toward the protective role of the combination therapy against SSc PAH indicating that its routinary 

administration in patients with severe Raynaud phenomenon/DUs could help in lowering the 

incidence and the mortality rate of this challenging SSc complication. 
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In conclusion, the results of this retrospective study suggest the possible role of  combination 

therapy with bosentan and sildenafil in preventing PH in SSc. The confirmation of a preventive role 

of a combination therapy of endothelin antagonist receptors and phosphodiesterase-5 inhibitors 

against PAH development in SSc patients now need further prospective studies in a larger cohort of 

patients considering potential confounders as the presence of peripheral vasculopathy (DUs or 

teleangectasias). 
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