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ORIGINAL RESEARCH

Systemic sclerosis
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ABSTRACT

Background and aims Systemic sclerosis (SSc) is an
autoimmune connective disease characterised by excessive
extracellular matrix deposition and widespread skin and
internal organ fibrosis including various cardiac manifestations.
Heart involvement is one of the leading causes of death among
patients with SSc. In this study, we aimed to assess the effect
of various vasodilator treatments.

Methods We used data from a national multicentric
prospective study using the French SSc national database.

We estimated the average treatment effect (ATE) of sildenafil,
bosentan, angiotensin-converting enzyme (ACE) inhibitors

and iloprost on diastolic dysfunction, altered ejection fraction
<50%and pulmonary arterial hypertension (PAH) using a
causal method, namely the longitudinal targeted minimum
loss-based estimation, to adjust for confounding and
informative censoring.

Results We included 1048 patients with available data
regarding treatment. Regarding sildenafil analyses, the ATE on
diastolic dysfunction at 3 years was —2.83% (95% Cl —4.06;
-1.60, p<0.00001), and the estimated ATE on altered ejection
fraction <50% was —0.88% (95% Cl —1.70; —0.05, p=0.037).
We did not find a significative effect on PAH. Regarding
bosentan, ACE inhibitors and iloprost, none of them neither
showed a significant effect on diastolic dysfunction, altered
ejection fraction <50% or PAH.

Conclusions Using causal methods, our study is the first and
largest suggesting that sildenafil might have benefits among
SSc patients regarding diastolic dysfunction and altered
ejection fraction occurrence. However, further studies assessing
the effect of vasodilators on heart-related outcome among SSc
patients are needed to confirm those exploratory results.

INTRODUCTION
Systemic sclerosis (SSc) is an autoimmune
connective disease characterised by excessive

.30 Ariel Cohen,®' Olivier Fain,? Eric Hachulla @ ,*
2 Sébastien Riviere?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Systemic sclerosis (SSc) patients frequently
develop cardiac involvement such as diastolic
dysfunction, reduced left ventricular ejection
fraction and pulmonary arterial hypertension,
significantly impacting morbidity and mortality.

= Vasodilators such as sildenafil, bosentan,
angiotensin-converting enzyme inhibitors and
iloprost are commonly prescribed for vascular
complications in SSc, but their effects on cardiac
outcomes remain unclear.

= Prior research has not thoroughly investigated
the impact of these vasodilators on heart-related
outcomes in SSc patients.

WHAT THIS STUDY ADDS

= The study found that sildenafil use in SSc pa-
tients was associated with a reduced incidence
of diastolic dysfunction and altered ejection
fraction <50% over a 3-year period.

= No significant effects on cardiac outcomes were
observed with the use of bosentan, ACE inhibi-
tors or iloprost.

= These findings suggest a potential cardioprotec-
tive role for sildenafil in patients with SSc.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results underscore the need for further re-
search into sildenafil as a treatment option for

cardiac involvement in SSc.

extracellular matrix deposition with wide-
spread skin internal organ fibrosis and small
and large arterial vasculopathy. Patients with
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SSc exhibit various cardiac manifestations associated with
different prognostic significance, making it difficult to
estimate overall cardiac disease and its manifestations.'
The relations between confounders, treatmenEuropean
Scleroderma Trials and Research group (EUSTAR) inter-
national cohort estimated an overall 5.4% prevalence of
reduced left ventricular ejection fraction (LVEF).? The
presence of diastolic dysfunction in patients with SSc has
been largely assessed in the literature, with a prevalence
ranging from 17% to 30%.>” Furthermore, the onset of
these manifestations can be either primary or secondary
to other complications associated with SSc such as pulmo-
nary arterial hypertension (PAH) or cardiovascular risk
factors, though definitions of primary heart involve-
ment in SSc patients still lack a standardised consensus.’
However, data from national death registries and the
EUSTAR cohort suggest that nearly 30% of mortality is
attributable to cardiac causes and/or pulmonary arte-
rial damages among SSc patients’ and no treatment has
proven to have an effect on heart involvement yet.® More-
over, a significant part of SSc morbidity and disability is
related to the acral ischaemic vasculopathy of the disease.
This led to the proposition of specific vascular targeting
drugs, including vasodilators, which are frequently
co-prescribed with other drugs used for common cardio-
vascular comorbidities. The detailed and overall cardiac
and pulmonary arterial outcomes achieved with these
various pharmacological measures should be delineated

in SSc patients. Therefore, we aimed to take advantage of
this French nationwide prospective SSc cohort to assess
the effect of vasodilator treatments, that is, sildenafil,
bosentan, angiotensin-converting enzyme (ACE) inhibi-
tors and iloprost on diastolic dysfunction, altered ejec-
tion fraction <50% and PAH using a machine-learning
based method to address for confounding.

PATIENTS AND METHODS

Study design

The French SSc national prospective database is a multi-
centre observational study that enrolled consecutive
SSc patients in 42 French hospital centres.” The study
collected data prospectively since 2010 using a stand-
ardised form, which was recorded in an online database
(Clean Web). The inclusion criteria for patients with SSc
were based on the American College of Rheumatology
(ACR) 1980" and/or 2013-ACR/EULAR SSc classifica-
tion criteria.'’ We excluded patients with localised scle-
roderma, patient with no information regarding their
heart status or treatment or patients with date inconsist-
encies (figure 1). The study was approved by the insti-
tutional ethical committee (Comité Consultatif sur le
Traitement de 1'Information en matiere de Recherche
dans le domaine de la Santé; approval no.13.145; Advi-
sory Committee on Information Processing in Mate-
rial Research in the Field of Health) and met the data

3,558 patients with scleroderma

2480 patients were excluded
30 Had localized scleroderma
1,487 had inclusion date

Y

inconsistencies or missing
993 had no information regarding
treatment or heart status

analysis

1,048 patients with systemic
scleroderma available for follow-up

928 patients did not receive sildenafil

120 patients received sildenafil

813 patients did not receive bosentan

235 patients received bosentan

Figure 1 Flowchart.

Guédon AF, et al. RMD Open 2024;10:2004918. doi:10.1136/rmdopen-2024-004918

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z AeN gz uo wodfwg-uadopull//:sdiny wolj papeojumoq 20z Jaquiadad 6 Uo 8T6700-720z-uadopwl/9eTT 0T Se paysiignd s :uado any



8 Systemic sclerosis

protection requirements of the National Information
science and Liberties Commission (recorded under no.
914607). Patients provided standard consent for the use
of their data.

Data collection and outcomes

Data was extracted in May 2019 from the French data-
base and included demographics, cardiovascular risk
factors (smoking status, high blood pressure and body
mass index (BMI)), associated diseases, dates of first
Raynaud phenomenon (RP) and first non-RP symp-
toms, cutaneous subset and autoantibody status (such
as anti-topoisomerase I, anti-centromere, anti-RNA poly-
merase III, anti-PM/Scl and other autoantibodies). We
recorded the following data regarding organ involve-
ments: ischaemic heart disease defined as any history of
coronary artery disease or myocardial infarction, skin
involvement measured by modified Rodnan skin score
(mRSS); lung involvement as any interstitial lung disease
(ILD) diagnosed on high-resolution CT or chest X-ray;
ischaemic heart disease included patients with a history of
coronary artery disease or myocardial infarction; muscle
involvement including myalgia, muscle weakness and
amyotrophy; digital ulcer (DU) defined as any history
or active DU, digital tip ulcer, pitting scar or digital
ischemia; and scleroderma renal crisis (SRC) defined by
new onset hypertension (= 150/85mm Hg) associated
with a decrease in renal function defined by a decrement
of atleast 10% in the estimated glomerular filtration rate.
Elevated creatine kinase was defined according to labora-
tory thresholds. Elevated natriuretic peptide was defined
as brain natriuretic peptide (BNP) level >35pg/mL or
N-terminal pro-BNP >125pg/mL. LVEF and diastolic
function were assessed at baseline and through follow-up
with transthoracic echocardiography (TTE). PAH was
defined as mean pulmonary arterial pressure >25 mm Hg
at rest measured by right heart catheterisation.

Disease duration was defined as the time between the
first non-RP symptom reported by the patient and the
inclusion visit. The following treatment administration
were recorded: sildenafil, bosentan, ACE inhibitors,
steroids, iloprost, mycophenolate mofetil, cyclophospha-
mide, tumour necrosis factor (inhibitors and rituximab.
Patients were considered treated with iloprost if they
received at least one perfusion of iloprost.

Statistical analysis

Continuous variables were expressed as medians (IQR),
and qualitative variables were expressed as numbers
(proportions). Qualitative variables and quantitative
variables were compared using Fisher tests and Kruskal-
Wallis tests, respectively. Then, we estimated the average
treatment effect (ATE) at 3 years of four different
treatments (sildenafil, bosentan, ACE inhibitors and
iloprost) regarding three heartrelated outcomes (dias-
tolic dysfunction, altered ejection fraction <50%, and
PAH) using longitudinal targeted minimum loss-based
estimation (LTMLE) and superlearning to adjust on

confounding and informative censoring.'” The ATE is
the adjusted mean difference of the interest outcome
between patients who received treatment and those who
did not. The LTMLE is a plug-in, semiparametric, double-
robust estimator that has desirable statistical properties
to estimate ATE: reducing the bias of an initial estimate
by allowing for flexible estimation using nonparametric
data-adaptive machine-learning methods to target an
estimate closer to the true model specification.”” *
Those approaches might allow to explore associations
that simpler regression such as the Cox model would
not be able to capture.'”” Using an ensemble of machine
learning models through the super learner algorithm,'®
we estimated two components of LTMLE: (1) the proba-
bility of treatment allocation and remaining uncensored
conditional on covariates and (2) average counterfactual
outcome if patients received treatment among three time
points (at 1, 2 and 3 years of follow-up). We considered
a set of baseline covariates that may be associated with
treatment or the risk of cardiac related outcomes: age
at inclusion, female sex, BMI, tobacco status, the pres-
ence of arterial hypertension, dyspnoea, muscle involve-
ment, ILD, ischaemic heart disease, pericarditis, diastolic
dysfunction, pulmonary arterial hypertension, LVEF
50%, history of past DU, anti-nuclear antibodies, anti-
topoisomerase I antibodies, limited or diffuse form of
SSc, diffusing capacity of the lung for carbon monoxide
(DLCO) % of theoretical value, creatinine levels, the
disease duration, any associated autoimmune disease,
concomitant use of sildenafil, bosentan, iloprost, ACE
inhibitors, steroids, cyclophosphamide, mycophenolate
mofetil or rituximab (details provided in online supple-
mental table S1). For each outcome analysis, patient with
prevalent outcome at baseline were excluded. Online
supplemental figure S1 illustrates the relations between
confounders, treatment and outcomes at years 1, 2 and
3. Analyses were performed using the SuperLearner and
ltmle R packages.'” '® To account for missing data, we
used multiple imputation with chained equations using
the R ‘MICE’ package (V.3.5.0) in R and pooled across
five imputed data sets. Further details are provided in
online supplemental method SI regarding LTMLE meth-
odology.

Kaplan-Meier estimator was used to generate survival
curves and compute survival rates. Eventfree survivals
were defined as the time from inclusion until the respec-
tive event or the date of last follow-up, right-censored at
3 years. Logrank tests were used to compare outcome
eventfree survivals among patient with and without the
treatment of interest (sildenafil, bosentan, ACE inhibi-
tors and iloprost). All analyses were performed using
R software V.4.2.2 for Mac (Foundation for Statistical
Computing, Vienna, Austria).
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RESULTS

Over the 3558 patients of the French SSc national data-
base, we included 1048 patients with available data
regarding treatment and heart status (figure 1).

Baseline population and treatment

The median age of the total population was 55 years (IQR:
44; 65), mainly women (n=844, 80.5%). Regarding cardi-
ovascular risk factors, 205 patients (21%) had arterial
hypertension, and 342 patients were smokers (35.3%).
Among them, 221 patients (22.0%) had a diffuse cuta-
neous SSc, with a median mRSs of 42" and a median
disease duration at baseline of 0.39 years (0.00; 4.35). Half
of them had anti-centromere antibodies (n=433, 46.2%),
a third had anti-topoisomerase I antibodies (n=267,
28.4%), and a few had anti-RNA pol3 antibodies (n=22,
5.8%). Regarding organ involvements, 378 patients had
ILD (38.1%) with a median DLCO of 70% of theoret-
ical value (IQR: 54; 81), 68 patients had pulmonary arte-
rial hypertension at baseline (7.6%), 46 patients (6.1%)
had left ventricular diastolic dysfunction, 40 patients
(n=4.1%), 11 had atrio-ventricular block (1.4%), and 25
had arrythmia (3.1%), with a median LVEF of 65% (IQR:
60; 70). Further details are available in table 1.

Among the cohort, 120 patients had sildenafil (11.5%),
and 928 patients did not (88.5%). Patients with sildenafil
had more frequently a diffuse cutaneous SSc (n=35, 31.2%
vs =186, 20.8%, p=0.015) with a higher disease duration
at baseline (median in years (IQR): 1.57 (0.03; 6.51) vs
0.33 (0.00; 3.93), p=0.008), had more frequently past
history of DUs (n=44, 45.4% vs n=260, 30.3%, p=0.004)
and more frequently pulmonary arterial hypertension at
baseline (n=30, 34.1% vs n=38, 4.7%, p<0.001). Also, 235
patients were treated with bosentan (22.4%), whereas
813 patients (77.6%) did not receive bosentan. Patients
with bosentan were more frequently male (n=69 (29.4%)
vs 1=135 (16.6%), p<0.001), with more frequently diffuse
cutaneous SSc (n=69, 31.1% vs n=152, 19.4%, p<0.001)
with a higher disease duration at baseline (median
in years (IQR): 1.11 (0.03, 5.57) vs 0.30 (0.00, 4.07),
p=0.006). They had more frequently ILD (n=112, 51.4%
vs n=266, 34.4, p<0.001) and more frequently pericarditis
(n=48, 25.0% vs n=25, 3.3%, p=0.03). Further details are
provided in table 1. Regarding other treatments, 257
patients (25.6%) received ACE inhibitor and 143 patients
received iloprost (14.1%). Details of baseline characteris-
tics are provided in online supplemental table S2.

Sildenafil and heart-related outcomes

Regarding the diastolic dysfunction survival analysis,
three patients presented diastolic dysfunction at 3 years
in the sildenafil group (3-year event rate: 2.67%; 95% CI
0; 5.61), whereas 40 patients presented diastolic dysfunc-
tion (3-year event rate: 4.89% (3.4; 6.37)) in the group
without sildenafil (figure 2). The estimated ATE on dias-
tolic dysfunction at 3 years was -2.83% (95% CI —4.06;
-1.60, p<0.00001).

Regarding altered ejection fraction <50% survival anal-
ysis, one patient presented an altered EF <50% at 3 years
in the sildenafil group (3-year event rate: 0.83% (95% CI
0; 2.45)) versus 13 patients in the other group (3-year
event rate: 1.57% (95% CI 0.71; 2.41)). The estimated
ATE on altered ejection fraction <50% at 3 years was
-0.88% (95% CI -1.70; -0.05, p=0.037).

Regarding PAH, the estimated ATE on PAH at 3 years if
patients received sildenafil was not significantly different
from zero (ATE at 3 years (-0.939%; 95% CI -6.41; 4.53,
p=0.74); 3-year event rate (n=3, 3.44% (95% CI 0; 7.2)
and n=32, 3.92% (95% CI 2.57; 5.25))) in patients with
and without sildenafil, respectively). Further details are
available in table 2 and online supplemental table S3-S5.

Bosentan, angiotensin-converting enzyme (ACE) inhibitors
and iloprost

Regarding bosentan analysis, we did not find any signif-
icant estimated average treatment difference at 3 years,
either for diastolic dysfunction (ATE at 3 years: —0.31,
95% CI -3.69; 3.08, p=0.86), for reduced EF <50% (ATE
at 3 years: —1.10%, 95% CI -2.71; 0.52, p=0.18) nor PAH
(ATE at 3 years: —1.55%, 95% CI -3.40; 0.29, p=0.10). We
did not find any significant estimated average treatment
difference at 3 years regarding ACE inhibitors and iloprost
among diastolic dysfunction, reduced EF <50% or PAH
(table 2 and online supplemental table S3-5). Figure 3
provides Kaplan-Meier curves of heartrelated cumulative
incidence among treated and untreated patients.

DISCUSSION

In our study, patients treated with sildenafil seemed to
have less diastolic dysfunction and less LVEF <50% than
those untreated, but we did not find any difference
regarding PAH incidence. On the other hand, we did not
find a significant effect on diastolic dysfunction, LVEF
<50% or PAH among patients treated with bosentan, ACE
inhibitors or iloprost.

To our knowledge, our study is the first one inves-
tigating the effects of vasodilators on heartrelated
outcomes in SSc patients. Clinical trials assessing cardi-
oprotective treatments, such as anti-platelet therapy,
anti-hypertensives or lipid-lowering drugs, require the
recruitment of large cohorts of several thousand patients
with regular and long duration follow-up. Those designs
are impossible to build in autoimmune disease popula-
tions for various reasons, such as small cohort sizes or
insufficient follow-up time to observe cardiovascular
events of interest. This is why we use LTMLE, a plug-in,
semiparametric, double-robust estimator, allowing us
to estimate ATE while adjusting for confounders using
nonparametric data-adaptive machine-learning methods
to target an estimate closer to the true model specifica-
tion.”” "1 It allowed us to capture a supposed effect of
sildenafil on diastolic dysfunction and altered EF >50%.

Vasodilators are widely used in SSc for various indica-
tions, especially for Raynaud’s phenomenon, DUs and

4
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Figure 2 Kaplan-Meier: outcome incidence according to sildenafil treatment. (A) Diastolic dysfunction cumulative incidence
according to sildenafil treatment group. (B) Altered left ventricular ejection fraction <50% cumulative incidence according to
sildenafil treatment group. (C) Pulmonary arterial hypertension cumulative incidence according to sildenafil treatment group.

PAH.? Two randomised controlled trials showed a benefit
of bosentan for the reduction of the number of new
DUs in SS¢,”*! and a metanalysis based on three studies
investigating sildenafil and tadalafil showed that patients
with phosphodiesterase type 5 inhibitors had higher DU
healing rate compared with placebo.22 Though the Silde-
nafil Effect on Digital Ulcer Healing in sClerodErma
study investigating did not find any difference in time
to DU healing among patients treated with sildenafil
20mg three times per day for 12 weeks compared with
placebo,23 the unexpectedly high healing rate and the
lower dosage used for sildenafil treatment compared with
previous studies might explain the lack of results in the
placebo group. Regarding PAH, the rationale for silde-
nafil and bosentan use is based on observational data and
high-quality PAH randomised clinical trials, including
connective tissue disorders patients, which showed
mainly exercise capacity improv<3m<3nt.24—27 Regarding
ACE inhibitors, EULAR recommendations suggest its
use among patients with SRC though evidence showing
benefit in survival is scarce in the literature.® 2
Considering the population with heart disease but
without SSc, ACE inhibitors were the first medication
that demonstrated decreased mortality, morbidity and
symptoms in patients with heart failure with reduced
ejection fraction (HFrEF)*™° but failed to show benefits
among patients with heart failure with preserved ejection

fraction (HFpEF).37 Regarding sildenafil, some early
single-centre studies seemed promising in patients with
HFrEF with improved exercise tolerance with prolonged
therapy,™ ™ but a recent multicentric randomised trial
did not confirm those results.*' Studies investigating the
sildenafil effect among patients with HFpEF have yielded
unsatisfactory results, with few monocentric studies
showing improvement in exercise capacity,42 but the
multicentric PhosphdiesteRasE-5 Inhibition to Improve
CLinical Status and EXercise Capacity in Diastolic Heart
Failure (RELAX) study did not find any change in exer-
cise capacity or clinical status among patients treated with
sildenaﬁl,43 though, in our cohort, we found benefits for
sildenafil regarding diastolic dysfunction and altered
ejection fraction >50% at 3 years. This might be explained
by the very specific mechanisms involved in SSc heart
involvement. Pathophysiology of heart involvement in
systemic is still unclear, but data suggest that SSc patients
suffer from repeated cycles of myocardial ischemia-
reperfusion due to abnormal vasoreactivity which might
lead to myocardial fibrosis as seen on histopathological
examination.* *® Some studies assessed the effect of vaso-
dilators on myocardial perfusion among SSc patients
with thallium-201 adenosine single-photon emission
computed tomography, positron emission tomography
and cardiovascular MRI and suggest the coexistence of
fixed organic lesions and reversible ischaemic lesions due

Table 2 Average treatment effect of sildenafil, bosentan, ACE inhibitor and iloprost on diastolic dysfunction, altered ejection

fraction <560% and pulmonary arterial hypertension at 3 years

At 3 years

Outcome Diastolic dysfunction Altered ejection fraction <50% Pulmonary arterial hypertension*
Average treatment Average treatment Average treatment

Treatment effect % (95% CI) P value effect % (95% CI) P value effect % (95% CI) P value

Sildenafil -2.83 (—4.06; —1.60) < 0.00001 —0.88 (-1.70; —0.05) 0.0373 —-0.94 (-6.41; 4.53) 0.74

Bosentan -0.31 (-3.69; 3.08) 0.86 -1.10 (-2.71; 0.52) 0.18 —-1.55 (-3.40; 0.29) 0.10

ACE inhibitor  -0.11 (-2.41; 2.20) 0.93 —-0.41 (-2.05; 1.23) 0.63 0.25 (-1.55; 2.04) 0.79

lloprost —-0.26 (-4.54; 4.01) 0.90 -1.11 (-2.89; 0.66) 0.18 -1.42 (-3.21; 0.38) 0.12

Bold indicates significant p-values.
*Assessed by right-heart catheterisation.
ACE, angiotensin-converting enzyme.
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Figure 3 Kaplan-Meier: outcome incidence according to bosentan treatment. (A) Diastolic dysfunction cumulative incidence
according to bosentan treatment group. (B) Altered left ventricular ejection fraction <50% cumulative incidence according to
bosentan treatment group. (C) Pulmonary arterial hypertension cumulative incidence according to bosentan treatment group.

to vasospasm irnpairment.%_51 Those processes can lead
to systolic or diastolic dysfunction in the early stages of the
disease, long before it becomes clinically apparent, and
eventually congestive heart failure.” Microcirculation
impairment might explain the potential benefit of vaso-
dilators such as sildenafil in our cohort and eventually
prevent diastolic dysfunction due to myocardial damage
provoked by repeated ischemia-reperfusion mechanism.
Those results need to be confirmed by a prospective
cohort specifically designed to assess diastolic dysfunc-
tion and altered ejection fraction among SSc patients.
Besides, assuming vasodilators influence on reversible
myocardial injury due to microcirculation impairment,
it could be interesting to assess the impact of glifozins
on diastolic dysfunction in SSc patients. Indeed, glifozins
are the first class to have demonstrated a benefit among
HFpEF patients with empagliflozin and dapaglifozin
in the Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Preserved Ejection Fraction
and Dapagliflozin Evaluation to Improve the Lives of
Patients with Preserved Ejection Fraction Heart Failure
trials, respectively. The pathophysiological mechanisms
explaining those benefits are not fully understood, but
glifozins might have antifibrotic and antihypertrophic
effects according to some animal models of HFpEF‘r’?_54
and reduced inflammation and oxidative stress attenua-
tion,”””® which might be interesting in myocardial fibrosis
developed by SSc patients.

Limitations

Those results must be interpreted with caution for
several reasons. First, even if we used LTMLE to adjust
for confounders, our study is an exploratory analysis
based on observational data. We probably could not
consider all the potentials confounders, especially since
the precise pathophysiology and epidemiology of cardiac
involvement in scleroderma are not entirely clear.! 2%7
Second, we could not include time-dependent co-vari-
ates in the analysis due to missing data during follow-up.
Confounders were only those assessed at baseline, so we
censored the 3-year follow-up to not extrapolate too long
from the initial assessment. Finally, as our cohort was a
prospective observational study and was not originally

intended to specifically assess heartrelated outcomes
or the effect of a particular treatment, heart outcome
assessment was not prespecified by a precise protocol but
remained at the discretion of each local operator, particu-
larly regarding the diastolic dysfunction. Moreover, we do
not have the dosages of the various treatments or data to
check patients’ compliance.

To conclude, our study suggests that sildenafil might
have benefits among SSc patients regarding diastolic
dysfunction and altered ejection fraction occurrence.
However, further studies assessing the effects of vasodila-
tors on heart-related outcome in SSc patients are needed
to confirm those exploratory results based on observa-
tional data.
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