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Primary heart involvement (pHI) is frequent in systemic sclerosis (SSc), even though often underdiagnosed. SSc-pHI 
has been recently defined as cardiac abnormalities that are predominantly attributable to SSc rather than other causes 
and/or complications. SSc-pHI represents a major determinant of mortality in SSc, accounting alone for about 12% of 
disease-related deaths; its early recognition and promptly therapeutic interventions are therefore crucial. Both perfu-
sion defects and myocardial inflammation contribute to the occurrence of myocardial fibrosis that precipitates myocar-
dial remodeling, potentially leading to heart failure and arrhythmic complications. To date, clear evidence and guide-
lines for effectively managing SSc pHI are not established yet, resulting in a lack of a defined therapeutic algorithm. In 
this review we summarize the most recent scientific literature on the prevailing therapeutic strategies and interventions 
to manage SSc-pHI, with particular focus on therapeutic strategies to counteract the 3 major pathogenic events of the 
disease, i.e. microvascular damage, myocardial inflammation and myocardial fibrosis. 
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INTRODUCTION

Primary heart involvement (pHI) is a major determinant 
of mortality in systemic sclerosis (SSc), accounting alone 
for about 12% of disease-related deaths. The high mortal-
ity of SSc-pHI is due to various reasons.[1,2] Firstly, definite 
diagnostic algorithms are lacking and mainly based on ex-
pert opinion, and SSc-pHI still remains often unrecognized 
or misdiagnosed. As a consequence, its exact prevalence is 
unclear, ranging between 7 and 39%. Furthermore, SSc-pHI 
has been variously defined over the years, and only recently 
the 2022 consensus-based defined SSc-pHI as “cardiac ab-
normalities that are predominantly attributable to SSc rather 
than other causes and/or complications of the disease”.[1] 

Secondly, both difficulties in distinguish primary from second-
ary heart involvement in SSc and the different sensitivity of 
diagnostic tools used clearly affect the possibility to timely 

detect SSc-pHI and to precisely estimate its prevalence.[1] 

Then, the pathogenesis of SSc-pHI remains elusive. Both 
myocardial inflammation and perfusion defects contribute to 
the final occurrence of myocardial fibrosis, either focal or in-
terstitial, historically considered the hallmark of scleroderma 
heart disease, and eventually leading to the development of 
late stage cardiac complications. Perfusion defects include 
both microvascular damage and aberrant vasoreactivity as 
potential contributors to myocardial pathology. Ischemia-
reperfusion damage is postulated to initially precipitate con-
traction band necrosis, subsequently culminating in irrevers-
ible myocardial fibrosis.[3] Recent evidences have highlighted 
that myocardial inflammation is frequent and often subtle in 
SSc patients and contribute to myocardial interstitial fibrosis, 
through the so-called “inflammation-driven pathway to fibro-
sis”.[4–7] 

Myocardial fibrosis occurs therefore as the consequence 
of an intricate interplay between vascular and inflammatory 
mechanisms.[8] Initial microvascular injury may represent the 
incipient pathogenic event, precipitating ischemia and subse-
quent endothelial activation, which precedes all subsequent 
pathological alterations. Autoimmune and inflammatory re-
sponses to cellular damage ultimately trigger fibroblast ac-
tivation and their trans-differentiation into myofibroblasts, the 
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principal architects of extracellular matrix protein synthesis, 
thereby fostering myocardial fibrosis.[9,10] Macrophages have 
gained recognition for their pivotal role in myocardial fibro-
sis through interactions with fibroblasts, thus emerging as 
compelling therapeutic targets in SSc-associated cardiac dis-
ease.[11] These cells are implicated in myocardial remodeling 
and diastolic dysfunction, with peripheral blood analyses of 
SSc patients revealing augmented expression of alternatively 
activated (M2) macrophages.[12] 

The constellation of ischemic, inflammatory and fibrotic le-
sions, ensuing from the aforementioned pathophysiological 
processes, precipitates myocardial remodeling, eventually 
leading to heart failure (HF).[13] Such alterations may repre-
sent, moreover, the ideal substrate for arrhythmias and con-
duction defects, which represents another major determinant 
of mortality, responsible for the dramatic occurrence of sud-
den cardiac death (SCD).[6,14] 

Thus, within this dual-faceted ischemic-inflammatory patho-
genic model, the interplay between reperfusion byproducts 
and pro-inflammatory cytokines orchestrates SSc-related 
cardiac involvement, furnishing a biological rationale for tar-
geted therapeutic interventions. 

Finally, the lack of definite therapeutic strategies to curb myo-
cardial damage in SSc patients clearly contribute to the high 
mortality associated with SSc-pHI. 

Although there is heightened interest from the healthcare 
community, clear evidence and guidelines for effectively 
managing SSc-pHI are not established yet, resulting in a lack 
of a unified approach to treatment, which are not reported 
neither in 2017[15] nor in the newly revised recommendations 
by European League against Rheumatism (EULAR) for the 
treatment of SSc.[16] 

Here we comprehensively reviewed the most recent scientific 
literature on SSc-pHI and the prevailing therapies to manage 
SSc-pHI. We focused the attention on therapeutic strategies 
to counteract the 3 major pathogenic events of the disease, 
i.e. microvascular damage, myocardial inflammation and 
myocardial fibrosis. 

METHODS

The PubMed database was explored from 1964 to March 
2024. Search terms included a combination of Medical 
Subject Headings (MeSH) and keywords related to SSc 
such as “Scleroderma, Systemic,” “Systemic sclerosis,” 
or “SSc,” along with cardiology-related terms like “primary 
heart,” “heart,” “cardiac,” “myocardial,” and “myocarditis,” in 
conjunction with “therapy” or “treatment.” Articles were ini-
tially screened by title and abstract, with those of relevance 

undergoing full-text review. The selection was limited to 
English-language articles specifically concerning SSc-pHI. 
Additionally, references from review articles were examined, 
and relevant titles not previously included were added to the 
reference pool. The results were then reported divided on 
the basis of the pathogenetic mechanism addressed by the 
drugs investigated. 

DRUGS TARGETING MYOCARDIAL INFLAMMA-
TION

Corticosteroids

Corticosteroid therapy has proven efficacious in the man-
agement of pericarditis and endomyocardial biopsy (EMB)-
proven virus-negative myocarditis (VNM),[7] and has therefore 
been tested for the treatment of SSc-related myocarditis. 

In an open-label pilot study among SSc patients with myocar-
ditis by Pussadhamma et al., 12 patients were treated with 
a dose equivalent to prednisolone 0.5 mg/kg/d for 2-weeks, 
then tapered off 10 mg every 2 weeks until 10 mg/d at week 4, 
then slowly tapered off completely by 24-weeks. At the end of 
treatment, 8 out of the 12 patients experienced a clinical im-
provement of myocarditis, while a proportion of patients died 
due to cardiac complications during treatment, particularly 
those with high high-sensitive cardiac troponin T (hs-cTnT), 
high N-terminal pro-brain natriuretic peptide (NT-proBNP), 
and impaired left-ventricular ejection fraction (LVEF).[17] 

Other case reports and case series have previously ex-
plored the use of prednisone for SSc myocarditis, with nega-
tive results. Kerr et al.[18] reported the use of prednisone in 
6 patients with diffuse SSc who presented with concomitant 
myositis and myocarditis. Of these, four patients were treated 
solely with high-dose steroids as first-line therapy and all died 
for congestive HF. 

Similarly, despite initially favorable responses, 2 out of 3 
SSc patients with myositis and myocarditis treated with daily 
prednisone (40–100 mg) reported by West et al.[19] developed 
conduction defects. 

Evidences for the use of methylprednisolone (mPDN) mono-
therapy for SSc-myocarditis are also limited to case reports, 
with not conclusive results. Carette et al.[20] used high-dose 
pulse mPDN to treat a patient with aggressive myocarditis 
and myositis refractory to prednisone, who had a therapeu-
tic response with a more intensive regimen. A resolution of 
myocardial edema after treatment with pulse mPDN (1 g/
m2 i.v. for 3 consecutive days, followed by 20 mg i.m. for 30 
days, then maintained at 4 mg/day) was also described in an 
asymptomatic SSc patient. [21] Conversely, Clemson et al.[22] 
reported the failure of high-dose intravenous mPDN followed 
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by a course of prednisone, with a fatal outcome due to pro-
gressive HF in an SSc patient. 

Steroids have been more commonly associated with con-
ventional immunosuppressants, mainly methotrexate, cy-
clophosphamide or azathioprine. Chiefly, Panoupolos et al. 
reported 2 cases treated with prednisone and methotrexate 
with functional improvement in one case (both left and right 
ventricular EF) and reduction of T1 and T2-mapping at car-
diac magnetic resonance (CMR) in the other one.[23] 

Thus, considering the paucity of data and the conflicting re-
sults (Table 1), the use of steroids in SSc-pHI could not be 
clearly recommended. Moreover, in SSc patients presenting 
with diffuse cutaneous involvement or rapid disease progres-
sion and in those seropositive for anti-RNA polymerase-III an-
tibodies, glucocorticoids should be prescribed judiciously due 
to an elevated risk of precipitating scleroderma renal crisis.[24,25] 

Disease-modifying Antirheumatic Drugs (DMARDs) 

Reports on response to cyclophosphamide in the treatment 
of SSc-myocarditis are limited to case reports, case series 
and observational cohort study. 

Stack et al. firstly described a case of myocarditis in a rapidly 
progressive diffuse cutaneous SSc successfully treated with 
a total of 12 pulsed intravenous (IV) cyclophosphamide (10 
mg/kg monthly) and methylprednisolone (0.5 mg/kg given for 
3 days each month with a maintenance dose of prednisolone 
70 mg once daily between cycles), before receiving myco-
phenolate mofetil (MMF) and prednisolone 20 mg once daily 
as maintenance therapy. This therapeutic strategy resulted in 
resolution of patient’s symptoms and left ventricular function 
improvement at echocardiogram.[26] 

In the more recent study by Panopoulus et al., 11 SSc pa-
tients with myocarditis received cyclophosphamide, mainly 
oral (7 cases); of these, 8 received cyclophosphamide as 
monotherapy, 3 combined with steroids and 1 combined with 
rituximab. An improvement of right-ventricular EF (RVEF) and 
LVEF was reported in 4 and 2 cases, respectively; consider-
ing CMR features at follow-up, T2-mapping values decreased 
in 5 cases and % of late gadolinium enhancement (LGE) was 
reduced in 4 cases, while a reduction in T1-mapping, T2 ratio 
and percentage extracellular volume (ECV) was observed in 
only one case each. The improvement of arrhythmic burden 
at 24 h-electrocardiogram (ECG) Holter was detected in a 
single case, and in 2 patients the functional and imaging im-
provement was paralleled by reduction of cardiac enzymes. 
To date, a significant clinical worsening of SSc-pHI was re-
ported in 2 patients.[23] 

In the pioneering study by Pieroni et al., 4 patients with new-
ly diagnosed SSc-myocarditis were treated with high-dose 

intravenous glucocorticoid (betametasone 12 mg/day for 3 
days, 8 mg/day for 3 days, and 6 mg/day for 3 days), followed 
by oral steroids (prednisone 0.5 mg/kg/day, gradually ta-
pered) and cyclophosphamide (2 mg/kg/day up to a cumula-
tive dose of 6 g) then followed by azathioprine. Patients who 
received cyclophosphamide as induction therapy simultane-
ously had a diffuse skin involvement or evidence of interstitial 
lung disease (ILD). After 12-months, all patients showed a 
significant clinical and laboratory improvement, although only 
one patient experienced a complete recovery of contractile 
function. Immunosuppressive therapy with steroids and cy-
clophosphamide was shown to be more effective in patients 
with lower degrees of fibrosis at EMB, suggesting that an 
early introduction of immunosuppressive agents is crucial to 
positively impact on SSc-pHI.[8] 

Although associated with various degrees of effectiveness 
(Table 1), cyclophosphamide is noted for its low therapeutic 
profile and high toxicity, including cardiotoxicity.[27] Although 
the cardiotoxicity of cyclophosphamide is dose dependent 
and related to higher doses than those used in rheumatology 
(cyclophosphamide > 1.55 g/m2/d in the context of bone mar-
row transplantation) its use in SSc-pHI should still be consid-
ered with caution. 

The most robust data supporting the use of azathioprine in 
SSc myocarditis indirectly derives from the tailored iMmuno-
suppression in virus-negative inflammatory cardiomyopathy 
(TIMIC) trial, a randomized, double-blind, placebo-controlled 
single-center trial demonstrated that immunosuppression 
with prednisone (1 mg/kg/day) plus azathioprine (2 mg/kg/
day) improve patients’ outcome, including 6-months LVEF 
and hospitalization rate related to HF, in patients with virus-
negative inflammatory cardiomyopathy. Thus, azathioprine 
has been used in recent years as first-line therapy to curb 
myocardial inflammation in cardiomyopathies. Steroids plus 
azathioprine, indeed, is now considered the standard first-
line therapy to improve heart function in VNM (virus nega-
tive myocarditis), whether primary or secondary to rheumatic 
diseases.[28] 

Together with prednisone as a first-line therapy, azathioprine 
has been used in 3 patients with endomyocardial biopsy 
(EBM) proven myocarditis in the same study by Pieroni et al, 
associated with a significant clinical and laboratory improve-
ment at 12-months, with better outcomes in patients with 
less fibrotic changes at EMB.[8] Furthermore, azathioprine 
has been used in 3 clinically diagnosed SSc-myocarditis 
described in one case report,[6] and in a case series,[18] and 
in 7 patients from a recent prospective study (Table 1). In 
all of these latest patients azathioprine was initiated after 
CMR findings suggestive for myocarditis. A follow up CMR 
was performed after 6 months, showing a complete normal-
ization of T2 ratio, early gadolinium ehancement (EGE) and 
LGE alterations at CMR present at baseline. Consistently, 
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improvements of cardiac symptoms and contractile function 
and a reduction of cardiac biomarkers were also observed.[29] 

MMF is largely used in the management of SSc and rep-
resents a beneficial therapeutic option to curb myocardial 

Table 1. Drugs targeting myocardial inflammation  in SSc-pHI.

Drug Type of study N° patients Diagnosis Results

Cyclophospha-
mide

Case report, Stack, 2009[26] 1 Myocarditis (clinical) 
in SSc

Resolution of symptoms, normalization of 
cardiac enzyme and improvement of left 
ventricular function.

Observational cohort study, 
Pieroni, 2014[8]

7 (4 treated with cyclopho- 
sphamide)

EMB-proven myocarditis 
in SSc

At 12-month follow-up significant clinical 
and laboratory improvement.

Retrospective study
Panopoulos, 2022[23]

18 (11 treated with cyclo-
phosphamide)

CMR(2018 revised Lake 
Louise criteria)

Various degrees of effectiveness

Azathioprine Observational cohort study 
Pieroni, 2014[8]

7 (3 treated immediately 
with AZA)

EMB-proven myocarditis 
in SSc

At 12-month follow-up significant clinical 
and laboratory improvement.

Case reports
Kerr 1994[18]

De Luca 2017[6]

3 Myocarditis (clinical) 
in SSc

Clinical and haemodynamic status improve-
ment, normalization of cardiac enzyme. 

Prospective study Mavrogeni 
2017[29]

7 Myocarditis (CMR) Normalization of CMR alterations at 6 months

Mycophenolate Prospective cohort study,
 De Luca, 2020[30]

2 EMB-proven myocarditis 
in SSc

6 months improvement of clinical status, 
LVEF on echocardiography, LV volumes and 
wall motion abnormalities.

Case reports
De Luca 2017[6], 2018[4]

2 EMB-proven myocarditis 
in SSc

Clinical and biochemical improvement. 

Case series, Campochiaro 
2019[34]

4 (3 patients treated with 
MMF and one patient was 
started on azathioprine)

Myocarditis in SSc Two patients were achieved an optimal 
disease control.

Retrospective study
Panopoulos 2022[23]

18 (1 treated with myco-
phenplate)

CMR(2018 revised Lake 
Louise criteria)

Improvement at Holter ECG, LVEF, RVEF, T2 
and T1 mapping, T2 ratio, ECV and LGE  at 
CMR  

Rituximab Case series,
Campochiaro  2019[34]

4 (only one patient 
treated with RTX as rescue 
therapy)

Myocarditis (clinical)
in SSc

Only partial benefit.

Retrospective study
Panopoulos 2022[23]

18 (1 treated with CYC 
plus RTX)

CMR(2018 revised Lake 
Louise criteria)

favorable results on both RVEF, LVEF and T2 
mapping, while no results on T1 mapping 
and ECV

Tocilizumab Case series
Campochiaro, 2019[44]

1 Cardiac Magnetic 
Resonance

Normalization of cardiac biomarkers and
complete reversal of cardiac inflammation 
on CMR.

Retrospective study
Panopoulos 2022[23]

18 (1 treated with tocili-
zumab)

CMR(2018 revised Lake 
Louise criteria)

No significant result on cardiac enzymes, 
CMR features and contractile function.

Case series
Lee et al.[45,46]

2 CMR (
LGE areas, elevated 
native
T1 values and ECV).

CMR indices improvement, LVEF improve-
ment

Case report
Ishizaki et al.[45]

1 EMB
 Improvement of myocardial BMIPP 
uptake; LVEF 45% to 59 %

Intravenous im-
munoglobulins

Case report
Cacciatore, 2018[36]

1 patient Myocarditis (clinical)
in SSc

progressive improvement of dyspnea and of 
heart systolic ejection fraction

SSC-pHI, systemic sclerosis-primary heart involvement.
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inflammation in SSc-pHI. 

The safety and efficacy of MMF has been indeed reported 
in heart involvement secondary to various connective tissue 
diseases, including SSc. Chiefly, MMF has been used in SSc-
pHI both as first-line agent, or as maintenance therapy after 
cyclophosphamide, or as second-line therapy in patients in-
tolerant or resistant to azathioprine, and regardless of steroid 
dosage.[30]  

Recent data support the efficacy of MMF in VNM in general 
(prospective studies, level of evidence II[30,31]) and in systemic 
lupus erythematosus related myocarditis (case reports and a 
case control study [32,33]); however, data on SSc-myocarditis 
are still limited to case series and observational stud-
ies[4,6,23,30,34] (Table 1). Prospective randomized controlled tri-
als are needed to confirm its efficacy in this clinical scenario. 

Considering the safety profile and the data on clinical efficacy 
coming from studies assessing the usefulness of MMF in treat-
ing myocarditis, MMF should nowadays be considered the first-
line therapeutic option to treat SSc-myocarditis. This is particu-
larly true considering the presence of robust data supporting 
the clinical efficacy of MMF (and the better safety profile with 
respect to cyclophosphamide) in treating ILD, another common 
and severe complication of the disease, associated with an 
high-risk of occurrence of myocarditis.[35] MMF, finally, is widely 
used to treat skin disease manifestations, and represents one of 
the therapeutic agents for SSc-related myositis.[15,16] 

Biologic Therapies

Data on the therapeutic use of biologic diseases modifying 
anti-rheumatic drugs (bDMARDs) are limited. 

B-cell depletion with rituximab in SSc-pHI has been pro-
posed. However, only two cases have been described. In one 
case combining oral cyclophosphamide and rituximab led to 
favorable results on both RVEF, LVEF and T2 mapping, while 
no results on T1 mapping and ECV emerged.[23] In another 
case rituximab was used as a rescue therapy after MMF fail-
ure with only partial benefit.[34] 

Similarly, intravenous immunoglobulins were administered in 
a 48-year old woman with diffuse SSc and severe cardiac 
involvement clinically manifested with ventricular and su-
praventricular arrhythmias, congestive HF and pericarditis, 
refractory to steroids and rituximab. The authors reported a 
progressive improvement of dyspnea and of heart systolic 
ejection fraction, paralleled by reduction of skin score.[36] 

Recent experimental and clinical data support the pivotal 
role of inflammatory cytokines as interleukin (IL)-1 and IL-6 
in mechanisms of heart inflammation and cardiac dysfunction 
in several heart diseases (including SSc), and its potential 

role in the inflammation-driven pathway to myocardial fibro-
sis. Despite a great amount of preliminary preclinical data in 
cardiac diseases, the therapeutic use of anti-IL1 agents (as 
anakinra or rilonacept) have never been reported in SSc-pHI, 
and no large trials to support anti-IL6 therapy with tocilizumab 
have been performed.[37–42] 

The use of tocilizumab has been recently investigated in a 
randomized double-blind study, and it was shown to signifi-
cantly reduce the rate of lung deterioration in SSc patients.[43] 

Moreover, SSc patients treated with tocilizumab had a lower 
incidence of adverse effects related to cardiac lesions: serious 
cardiac events were reported in 6 (5.7%) of 106 participants in 
the placebo group compared with 2 serious adverse events in 
2 (1.8%) of 104 participants in the tocilizumab group.[43] 

Recently, tocilizumab was used to effectively treat a patient 
with SSc-related myocarditis: dampening of myocardial in-
flammation was revealed as a reduction in myocardial edema 
at CMR, and by the improvement of cardiac function, clinical 
status and cardiac enzymes.[44] 

Following this initial case, tocilizumab was administered in 
another four cases of SSc-myocarditis, with significant results 
in three out of four cases in terms of CMR features and con-
tractile function.[23,45,46] 

Thus, despite a fascinating biologic rationale, still few data 
are available to support the therapeutic use of bDMARDs 
in SSc-pHI (Table 1). However, considering the reported ef-
ficacy and safety of targeting IL-6 in SSc-ILD patients, espe-
cially in those with an “inflammatory phenotype” suggested 
by elevated C-reactive protein, increased platelets counts 
and arthritis/tenosynovitis, tocilizumab could be considered 
to treat pHI in SSc patients with ILD and an inflammatory 
phenotype. Similarly, rituximab has been widely associated 
with improvement of skin score and stabilization of lung func-
tion, especially in patients with early diffuse SSc.[16] Thus, 
rituximab should be considered, even in combination with 
conventional DMARDs as MMF, to treat pHI in SSc patients 
with an early disease and a concomitant progressive skin and 
lung involvement. 

Haematopoietic Stem Cell Transplantation

Despite severe cardiac involvement is historically considered 
a contraindication for hematopoietic stem cell transplantation, 
there are case reports of the beneficial effects of this proce-
dure for the treatment of SSc-related myocarditis and SSc-
pHI,[47] particularly with the use of less cardiotoxic protocols.[48] 

DRUGS TARGETING FIBROSIS

Currently, there is an absence of therapeutic strategies 
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explicitly targeting myocardial fibrosis. 

The only and limited evidence available concerns the antifi-
brotic drug nintedanib, currently approved for the treatment of 
progressive SSc-ILD. 

Nintedanib

Nintedanib, a selective inhibitor of certain receptor tyrosine 
kinases, including vascular-endothelial growth factor recep-
tor (VEGFR)-1–2–3, platelet-derived growth factor receptor 
(PDGFR)-α and β, and fibroblasts growth factor receptor 
(FGFR)-1–2–3, has gained recent approval for therapeutic 
application in SSc-ILD.[49] The potential role of nintedanib to 
forestall fibrotic cardiac remodeling is postulated, based on 
the hypothesis that fibrogenic mechanisms are conserved 
across various etiologies, but nowadays remains purely 
speculative. Nintedanib attenuates macrophage activation 
and mitigates both vascular and fibrotic presentations in the 
Fra2 transgenic mouse model of SSc.[50] The antifibrotic activ-
ity of the drug was correlated with an impairment in M2 mono-
cyte polarization and a decrement in M2 macrophage popula-
tions.[51] Given the observed upregulation of M2 macrophages 
in peripheral blood of SSc patients and the central role these 
cells play in myocardial remodeling and HF pathogenesis, 
nintedanib emerges as a compelling candidate for manag-
ing inflammation-induced fibrosis in SSc-associated cardiac 
pathology. A recent empirical study involving 20 consecutive 
patients with SSc-ILD, 10 of whom were administered nint-
edanib and 10 observed over time, provided support for a 
positive impact of anti-fibrotic treatment on SSc-pHI. There 
was, indeed, a significant improvement in terms of myocar-
dial ECV abnormality as measured by CMR at the 6-month in 
the nintedanib cohort compared to the control group (a 1.62% 
decrease versus a 2.00% increase, P < 0.001). Additionally, 
the modification in RVEF was substantially different between 
groups, favoring the nintedanib cohort (P = 0.02).[52] 

However, considering the observational nature of the study 
and the small sample size, these results should be taken with 
caution and further studies are needed to support the use of 
nintedanib to treat SSc-pHI. 

In the next future, combining bDMARDs with conventional 
immunosuppressants and anti-fibrotic agents as nintedanib 
could be a potential therapeutic strategy to curb myocardial 
inflammation and myocardial fibrosis. 

DRUGS TARGETING VASCULOPATHY

Endothelial dysfunction and vascular abnormalities are 
thought to be early pathogenic events in SSc.[25] In this sce-
nario, vasodilators and anti-platelets treatment may be poten-
tially useful in the treatment of cardiac dysfunction in patients 

with SSc-pHI. 

Vasodilators & Antiplatelet Agents

A reduced use of calcium-channel blockers (CCBs), widely 
used to treat Raynaud’s phenomenon in SSc patients, has 
been associated with a greater occurrence of left ventricular 
systolic dysfunction in the European Scleroderma Trials and 
Research (EUSTAR) cohort,[53] thus indirectly suggesting that 
their use could be beneficial in preventing cardiac contractile 
dysfunction. 

Even considering the therapeutic role of CCBs to treat periph-
eral vascular manifestations of the disease, their use in SSc-
pHI should be considered in all patients, if not contraindicated. 

The DeSScipher study highlighted the benefits of aspirin, 
an antiplatelet agent, and vasodilators in SSc patients. The 
use of vasodilators was associated with lower incidence of 
ventricular arrhythmias at multivariate analysis. Additionally, 
low-dose aspirin was associated with lower incidence of Q 
waves, conduction blocks and/or pacemaker implantation in 
univariate and multivariate analysis.[54] 

However, the occurrence of SSc-pHI despite the fact that 
a great percentage of SSc patients is routinely treated with 
CCBs and/or other vasodilator, strongly emphasize the 
complex and multifactorial nature of heart damage in SSc, 
suggesting that further research is needed to optimize treat-
ment strategies (Figure 1). Chiefly, studies specifically ad-
dressing the efficacy of CCBs in SSc-pHI using different 
and more sensitive outcome measures other than reduced 
LVEF (which is only rarely present in SSc patients), are ea-
gerly awaited. The therapeutic or preventive role of low-dose 
aspirin in SSc-pHI, furthermore, needs to be further investi-
gated. Aspirin could indeed negatively impact on SSc-related 
gastro-intestinal manifestations, which are common in SSc; 
therefore its use should be carefully evaluated and is not rou-
tinely recommended. 

DRUGS FOR CARDIAC COMPLICATIONS & CAR-
DIOLOGIC THERAPY

SSc-pHI is associated with severe complications as HF, ar-
rhythmias, and SCD; therefore, a specific treatment for this 
condition and prevention of life-threatening complications is 
fundamental (Figure 1). 

Heart Failure

Diastolic dysfunction (DD) commonly occur in SSc patients, 
even at early stages, as is considered one of the first markers 
of SSc-pHI. DD has been historically considered the conse-
quence of myocardial fibrosis. There are few evidences on 
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the therapeutic options for the treatment of DD in SSc. As 
for other forms of DD, afterload reduction can be helpful to 
improve cardiac function even in SSc patients.[55,56] 

Systolic dysfunction is less common than diastolic dysfunc-
tion in SSc patients, and it could be considered as the final 
result of vascular damage, myocardial inflammation and fi-
brosis.[11] 

The standard cardiologic therapy for systolic dysfunction in-
cludes angiotensin-converting enzyme (ACE)-inhibitors, al-
dosterone antagonists, diuretics and CCBs.[55,57]  

To date, caution is needed when prescribing ACE-inhibitors 
to SSc patients who are at an high risk of developing sclero-
derma renal crisis, since a previous ACE-inhibitors therapy 
has been associated with a worst outcome in patient with this 

dramatic complication.[58] 

More recently, the sodium-glucose co-transporter 2 (SGLT2)-
inhibitors have been shown to reduce risks of clinical events 
in patients with HF, with early and sustained benefits regard-
less of ejection fraction. SGLT2-inhibitors should therefore 
be considered in the therapeutic algorithm for SSc-pHI mani-
fested with HF.[57] 

Arrhythmias

Arrhythmias are frequent in SSc and are associated with a 
dismal prognosis, accounting alone for 6% of total disease-
related deaths.[59] It is therefore important to identify patients 
at higher arrhythmic risk. There are no randomized controlled 
trials with anti-arrhythmic drugs specifically conducted in SSc 
patients; therefore, the choice of therapy should be similar to 

Figure 1. Therapeutic strategies for primary heart involvement in systemic sclerosis. Immunosuppressive treatment should be considered 
in any case of evidence or high suspect for myocardial inflammation. Pulse or oral corticosteroids have been successfully used in 
systemic sclerosis (SSc) myocarditis and pericarditis, with beneficial effects on clinical status and cardiac enzymes, but not definite 
benefit on systolic function. Conventional disease modifying anti-rheumatic drugs (DMARDs; azathioprine, mycophenolate mofetil 
[MMF], methotrexate and cyclophosphamide), as monotherapy or in combination with steroids, have shown a positive effect in SSc 
myocarditis. Among DMARDs, MMF is the most widely used, even considering its safety profile and tolerability, its wide use in others 
scleroderma organ involvement and even considering the potential cardiotoxicity of cyclophosphamide. Preliminary data on tocilizu-
mab and rituximab are also available with positive outcomes. Calcium channel blockers (CCBs) should be considered in all SSc pa-
tients since they have been associated with a reduced risk of left ventricular systolic dysfunction in SSc patients. Limited data suggest 
a beneficial effects of other vasodilators to treat SSc primary heart involvement (pHI), given their potential role in treating the vascular 
mechanisms of the disease. The role of aspirin is still controversial. Some preliminary data are available on effectiveness of nintedanib 
on myocardial fibrosis at cardiac magnetic resonance. Arrhythmias and heart failure in SSc-pHI should be managed according to car-
diologic guidelines[59,63]. *Steroids need to be used with caution in SSc patients with diffuse or rapidly-progressive disease, especially in 
those with anti-RNA polymerase III antibodies. ^ No data are available to recommend a specific anti-arrhythmic drug in SSc patients. § 
Caution must be payed using ACE-inhibitors in SSc patients at high risk for scleroderma renal crisis. 
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that of patients without SSc,[14] according to current cardio-
logic guidelines. In the clinical scenario of SSc, however, it is 
crucial to consider that β-blockers have been associated with 
potential negative effects on Raynaud’s phenomenon and 
generally on peripheral vasculopathy. However, to date, a re-
cent study demonstrated that metoprolol, if co-administered 
with CCBs, may alleviate symptoms of Raynaud’s phenom-
enon in SSc patients.[60] 

Besides treatment of arrhythmic burden,[61] once clinically 
manifested, prevention of life-threatening arrhythmias and 
SCD is a major goal in SSc patients. In this view, patients 
with life-threatening arrhythmias or at high-risk for potentially 
severe arrhythmic manifestations, prevention of SCD with 
the use of an implantable cardioverter defibrillator (ICD) or 
invasive procedures should be encouraged. ICD insertion in 
high-risk SSc patients was indeed effective in reverting sev-
eral episodes of ventricular tachycardia (VT) in 3 out of 10 
implanted patients in a recent Italian study.[14] Another study 
reported the efficacy of catheter ablation in a single SSc pa-
tient with ventricular tachycardia arising from right ventricular 
scars, suggesting ablation as a potential therapeutic strat-
egy for treating ventricular arrhythmias in selected severe 
cases.[62] These studies, together with others,[5,63] underlie 
again the prognostic importance of Holter abnormalities (and 
electrophysiology studies in selected cases) and the clinical 
significance of primary prevention of SCD in selected SSc 
populations. 

Finally, cardiac transplantation should be considered a vi-
able option in refractory severe cases when other therapeutic 

strategies failed.[64] 

CONCLUSIONS

The prevalence of primary cardiac manifestations in SSc car-
ries significant prognostic implications, necessitating prompt 
and accurate diagnostic efforts. Ischemic, inflammatory, and 
fibrotic pathologies represent crucial therapeutic targets. 
Although the heightened interest from the healthcare com-
munity, clear evidence and guidelines for effectively manag-
ing SSc-pHI are not established yet. 

Immunosuppressive treatment should be considered in any 
case of evidence or high suspect for myocardial inflamma-
tion. Among conventional immunosuppressants, MMF repre-
sents the first therapeutic choice. Biologic therapy with tocili-
zumab and rituximab could be proposed in selected cases. 
Calcium channel blockers should be considered in all SSc 
patients since they have been associated with a reduced risk 
of left ventricular systolic dysfunction, while limited data sug-
gest a beneficial effects of other vasodilators to treat SSc-
pHI. Finally, a fascinating biologic rationale support the future 
potential usefulness of nintedanib to curb myocardial fibrosis. 

The lack of randomized controlled trials in this disease do-
main, however, heightens the need for robust clinical re-
search to guide evidence-based management. Improved un-
derstanding of the pathogenetic underpinnings of SSc-pHI, 
along with the creation of specific clinical recommendations 
that include management and therapeutic strategies for SSc-
pHI, is critical to improve patient outcomes. 

Acknowledgement

None.

Source of funding

None. 

Author contributions

VB: conceptualization, original draft preparation, writing; LD: reviewing and editing, supervision; GDL: conceptualization, original draft prepara-
tion, writing, supervision, project administration.

Informed Consent

Not applicable.

Ethical Approval

Not applicable. 



80

RHEUMATOLOGY AND IMMUNOLOGY RESEARCH

Review • DOI: 10.1515/rir-2024-0010 • 5(2) • 2024 • 72-82

[1] Bruni C, Buch MH, Furst DE, et al. Primary systemic sclero-
sis heart involvement: A systematic literature review and pre-
liminary data-driven, consensus-based WSF/HFA definition. J 
Scleroderma Relat Disord. 2022;7:24–32.

[2] Elhai M, Meune C, Boubaya M, et al. Mapping and pre-
dicting mortality from systemic sclerosis. Ann Rheum Dis. 
2017;76:1897–1905.

[3] Allanore Y, Meune C. Primary myocardial involvement in sys-
temic sclerosis: evidence for a microvascular origin. Clin Exp 
Rheumatol. 2010;28:S48-S53.

[4] De Luca G, Campochiaro C, Franchini S, et al. Unexpected 
acute lymphocytic virus-negative myocarditis in a patient with 
limited cutaneous systemic sclerosis: a case report. Scand J 
Rheumatol. 2019;48:166–167.

[5] De Luca G, Bosello SL, Gabrielli FA, et al. Prognostic Role of 
Ventricular Ectopic Beats in Systemic Sclerosis: A Prospective 
Cohort Study Shows ECG Indexes Predicting the Worse Out-
come. PLoS One. 2016;11:e0153012.

[6] De Luca G, Bosello S, Leone AM, et al. Life-threatening arrhyth-
mias in a scleroderma patient: the role of myocardial inflamma-
tion in arrhythmic outburst. Scand J Rheumatol. 2017;46:78–80. 

[7] De Luca G, Campochiaro C, De Santis M, et al. Systemic scle-
rosis myocarditis has unique clinical, histological and prognostic 
features: a comparative histological analysis. Rheumatology 
(Oxford). 2020;59:2523–2533.

[8] Pieroni M, De Santis M, Zizzo G, et al. Recognizing and treating 
myocarditis in recent-onset systemic sclerosis heart disease: 
potential utility of immunosuppressive therapy in cardiac dam-
age progression. Semin Arthritis Rheum. 2014;43:526–535. 

[9] Kahaleh MB, LeRoy EC. Autoimmunity and vascular involve-
ment in systemic sclerosis (SSc). Autoimmunity. 1999;31:195–
214.

[10] Varga J, Abraham D. Systemic sclerosis: a prototypic multisys-
tem fibrotic disorder. J Clin Invest. 2007;117:557–567.

[11] Lim GB. Heart failure: Macrophages promote cardiac fibrosis 
and diastolic dysfunction. Nat Rev Cardiol. 2018;15:196–197. 

[12] Soldano S, Trombetta AC, Contini P, et al. Increase in circu-
lating cells coexpressing M1 and M2 macrophage surface 
markers in patients with systemic sclerosis. Ann Rheum Dis. 
2018;77:1842–1845. 

[13] Bulkley BH, Ridolfi RL, Salyer WR, et al. Myocardial lesions of 
progressive systemic sclerosis. A cause of cardiac dysfunction. 
Circulation. 1976;53:483–490.

[14] Bernardo P, Conforti ML, Bellando-Randone S, et al. Implant-
able cardioverter defibrillator prevents sudden cardiac death in 

systemic sclerosis. J Rheumatol. 2011;38:1617–1621.
[15] Kowal-Bielecka O, Fransen J, Avouac J, et al. Update of EULAR 

recommendations for the treatment of systemic sclerosis. Ann 
Rheum Dis. 2017;76:1327–1339.

[16] Del Galdo F, Lescoat A, Conaghan PG, et al. Op0234 2023 up-
date of eular recommendations for the treatment of systemic 
sclerosis. Published online June 2023:154–155.

[17] Pussadhamma B, Tipparot T, Chaosuwannakit N, et al. Clini-
cal Outcomes of Myocarditis after Moderate-Dose Steroid 
Therapy in Systemic Sclerosis: A Pilot Study. Int J Rheumatol. 
2020;2020:8884442. 

[18] Kerr LD, Spiera H. Myocarditis as a complication in scleroderma 
patients with myositis. Clin Cardiol. 1993;16:895–899. 

[19] West SG, Killian PJ, Lawless OJ. Association of myositis and 
myocarditis in progressive systemic sclerosis. Arthritis Rheum. 
1981;24:662–668. 

[20] Carette S, Turcotte J, Mathon G. Severe myositis and myocardi-
tis in progressive systemic sclerosis. J Rheumatol. 1985;12:997-
999.

[21] Pingitore A, Guiducci S, Conforti ML, et al. Early detection of 
myocardial and pulmonary oedema with MRI in an asymptom-
atic systemic sclerosis patient: successful recovery with pulse 
steroid. Rheumatology (Oxford). 2013;52:1920–1921.

[22] Clemson BS, Miller WR, Luck JC, et al. Acute myocarditis in 
fulminant systemic sclerosis. Chest. 1992;101:872–874.

[23] Panopoulos S, Mavrogeni S, Vlachopoulos C, et al. Cardiac 
magnetic resonance imaging before and after therapeutic inter-
ventions for systemic sclerosis-associated myocarditis. Rheu-
matology (Oxford). 2023;62:1535–1542.

[24] Iudici M, Mongin D, Siegert E, et al. Glucocorticoids prescribing 
practices in systemic sclerosis: an analysis of the EUSTAR da-
tabase. Rheumatology (Oxford). 2023;62:1559–1567.

[25] Denton CP, Khanna D. Systemic sclerosis. Lancet. 
2017;390:1685-1699.

[26] Stack J, McLaughlin P, Sinnot C, et al. Successful control 
of scleroderma myocarditis using a combination of cyclo-
phosphamide and methylprednisolone. Scand J Rheumatol. 
2010;39:349–350.

[27] Goldberg MA, Antin JH, Guinan EC, Rappeport JM. Cyclophos-
phamide cardiotoxicity: an analysis of dosing as a risk factor. 
Blood. 1986;68:1114-1118.

[28] Frustaci A, Russo MA, Chimenti C. Randomized study on the 
efficacy of immunosuppressive therapy in patients with virus-
negative inflammatory cardiomyopathy: the TIMIC study. Eur 
Heart J. 2009;30:1995–2002.

Conflict of interest

The authors declare no competing interest. 

Data availability statement

No additional data is available.

REFERENCES



81

RHEUMATOLOGY AND IMMUNOLOGY RESEARCH

Review • DOI: 10.1515/rir-2024-0010 • 5(2) • 2024 • 72-82

[29] Mavrogeni S, Koutsogeorgopoulou L, Karabela G, et al. Silent 
myocarditis in systemic sclerosis detected by cardiovascular 
magnetic resonance using Lake Louise criteria. BMC Cardio-
vasc Disord. 2017;17:187.

[30] De Luca G, Campochiaro C, Sartorelli S, et al. Efficacy and 
safety of mycophenolate mofetil in patients with virus-negative 
lymphocytic myocarditis: A prospective cohort study. J Autoim-
mun. 2020;106:102330.

[31] Blagova O, Rud’ R, Kogan E, et al. Comparative Efficacy and 
Safety of Mycophenolate Mofetil and Azathioprine in Combina-
tion with Corticosteroids in the Treatment of Lymphocytic Myo-
carditis. J Clin Med. 2023;12:4913.

[32] Zhang L, Zhu YL, Li MT, et al. Lupus Myocarditis: A Case-Con-
trol Study from China. Chin Med J (Engl). 2015;128:2588–2594. 

[33] Allaoui A, El Ouarradi A, Jabbouri R, et al. Mycophenolate 
Mofetil Use in Severe Myocarditis Complicating Systemic Lu-
pus. Cureus. 2022;14:e25789. 

[34] Campochiaro C, De Luca G, De Santis M. Anti-Ku syndrome 
with elevated CK: association with myocardial involvement in 
systemic sclerosis. Ann Rheum Dis. 2021;80:e113.

[35] Ferlito A, Campochiaro C, Tomelleri A, et al. Primary heart in-
volvement in systemic sclerosis, from conventional to innova-
tive targeted therapeutic strategies. J Scleroderma Relat Disord. 
2022;7:179-188.

[36] Cacciatore C, Riviere S, Cohen A, et al. Sclérodermie sys-
témique : efficacité des immunoglobulines intraveineuses pour 
l’atteinte cardiaque sévère ? [Systemic sclerosis: Efficacy of 
intravenous immunoglobulins in severe cardiac involvement?]. 
Rev Med Interne. 2018;39:594-596.

[37] De Luca G, Cavalli G, Campochiaro C, et al. Myocarditis: An 
Interleukin-1-Mediated Disease? Front Immunol. 2018;9:1335. 

[38] De Luca G, Campochiaro C, Dinarello CA, et al. Treatment of 
Dilated Cardiomyopathy With Interleukin-1 Inhibition. Ann Intern 
Med. 2018;169:819–820.

[39] De Luca G, Cavalli G, Campochiaro C, et al. Interleukin-1 and 
Systemic Sclerosis: Getting to the Heart of Cardiac Involvement. 
Front Immunol. 2021;12:653950.

[40] Savvatis K, Müller I, Fröhlich M, et al. Interleukin-6 receptor in-
hibition modulates the immune reaction and restores titin phos-
phorylation in experimental myocarditis. Basic Res Cardiol. 
2014;109:449.

[41] Zhang Y, Wang JH, Zhang YY, et al. Deletion of interleukin-6 
alleviated interstitial fibrosis in streptozotocin-induced diabetic 
cardiomyopathy of mice through affecting TGFβ1 and miR-29 
pathways. Sci Rep. 2016;6:23010.

[42] Ma F, Li Y, Jia L, et al. Macrophage-stimulated cardiac fibro-
blast production of IL-6 is essential for TGF β/Smad activa-
tion and cardiac fibrosis induced by angiotensin II. PLoS One. 
2012;7:e35144.

[43] Khanna D, Lin CJF, Furst DE, et al. Tocilizumab in systemic scle-
rosis: a randomised, double-blind, placebo-controlled, phase 3 
trial. Lancet Respir Med. 2020;8:963–974. 

[44] Campochiaro C, De Luca G, Tomelleri A, et al. Tocilizumab for 
the Treatment of Myocardial Inflammation Shown by Cardiac 
Magnetic Resonance: Report of Two Cases and Rationale for 

Its Therapeutic Use. J Clin Rheumatol. 2021;27:S476-S479. 
[45] Ishizaki Y, Ooka S, Doi S, et al. Treatment of myocardial fibrosis 

in systemic sclerosis with tocilizumab. Rheumatology (Oxford). 
2021;60:e205–e206. 

[46] Lee ZC, Noviani M, Yap J, et al. Tocilizumab for systemic sclero-
sis with cardiac involvement: a case report. Clin Exp Rheumatol. 
2022;40:2006–2007.

[47] Al-mashaleh M, Bak H, Moore J, et al. Resolution of scleroder-
matous myocarditis after autologous stem cell transplantation. 
Ann Rheum Dis. 2006;65:1247–1248.

[48] Henes JC, Koetter I, Horger M, et al. Autologous stem cell 
transplantation with thiotepa-based conditioning in patients with 
systemic sclerosis and cardiac manifestations. Rheumatology 
(Oxford). 2014;53:919–922.

[49] Distler O, Highland KB, Gahlemann M, et al. Nintedanib for Sys-
temic Sclerosis-Associated Interstitial Lung Disease. N Engl J 
Med. 2019;380:2518–2528.

[50] Umbarkar P, Singh AP, Tousif S, et al. Repurposing Nintedanib 
for pathological cardiac remodeling and dysfunction. Pharmacol 
Res. 2021;169:105605.

[51] Huang J, Beyer C, Palumbo-Zerr K, et al. Nintedanib inhibits fi-
broblast activation and ameliorates fibrosis in preclinical models 
of systemic sclerosis. Ann Rheum Dis. 2016;75:883–890. 

[52] Ninagawa K, Kato M, Tsuneta S, et al. Beneficial effects of nint-
edanib on cardiomyopathy in patients with systemic sclerosis: a 
pilot study. Rheumatology (Oxford). 2023;62:2550–2555. 

[53] Vignaux O, Allanore Y, Meune C, et al. Evaluation of the ef-
fect of nifedipine upon myocardial perfusion and contractility 
using cardiac magnetic resonance imaging and tissue Dop-
pler echocardiography in systemic sclerosis. Ann Rheum Dis. 
2005;64:1268–1273. 

[54] Valentini G, Huscher D, Riccardi A, et al. Vasodilators and low-
dose acetylsalicylic acid are associated with a lower incidence 
of distinct primary myocardial disease manifestations in system-
ic sclerosis: results of the DeSScipher inception cohort study. 
Ann Rheum Dis. 2019;78:1576–1582. 

[55] Kazzam E, Caidahl K, Hllgren R, et al. Non-invasive evaluation 
of long-term cardiac effects of captopril in systemic sclerosis. J 
Intern Med. 1991;230:203–212.

[56] Meune C, Avouac J, Wahbi K, et al. Cardiac involvement in sys-
temic sclerosis assessed by tissue-doppler echocardiography 
during routine care: A controlled study of 100 consecutive pa-
tients. Arthritis Rheum. 2008;58:1803–1809.

[57] Authors/Task Force Members; McDonagh TA, Metra M, Adamo 
M, et al. 2023 Focused Update of the 2021 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure: 
Developed by the task force for the diagnosis and treatment of 
acute and chronic heart failure of the European Society of Car-
diology (ESC) With the special contribution of the Heart Failure 
Association (HFA) of the ESC. Eur J Heart Fail. 2024;26:5–17. 

[58] Bütikofer L, Varisco PA, Distler O, et al. ACE inhibitors in SSc 
patients display a risk factor for scleroderma renal crisis-a EU-
STAR analysis. Arthritis Res Ther. 2020;22:59.

[59] Tyndall AJ, Bannert B, Vonk M, et al. Causes and risk factors 
for death in systemic sclerosis: a study from the EULAR Sclero-



82

RHEUMATOLOGY AND IMMUNOLOGY RESEARCH

Review • DOI: 10.1515/rir-2024-0010 • 5(2) • 2024 • 72-82

European Paediatric and Congenital Cardiology (AEPC). Euro-
pace. 2015;17:1601–1687.

[62] Costa NJ, Lerman B, Cheung J. Catheter ablation of ventricular 
tachycardias originating from right ventricular scar in a patient 
with systemic sclerosis. J Am Coll Cardiol. 2019;73:2447.

[63] Mueller KA, Mueller II, Eppler D, et al. Clinical and histopatho-
logical features of patients with systemic sclerosis undergoing 
endomyocardial biopsy. PLoS One. 2015;10:e0126707.

[64] Schreiber BE, Parish V, Knight DS, et al. Cardiac transplantation 
in a 20-year-old woman with scleroderma. J Scleroderma Relat 
Disord. 2018;3:NP1-NP4.

derma Trials and Research (EUSTAR) database. Ann Rheum 
Dis. 2010;69:1809–1815.

[60] Csiki Z, Garai I, Shemirani AH, et al. The effect of metoprolol 
alone and combined metoprolol-felodipin on the digital micro-
circulation of patients with primary Raynaud’s syndrome. Micro-
vasc Res. 2011;82:84–87.

[61] Priori SG, Blomström-Lundqvist C, Mazzanti A, et al. 2015 ESC 
Guidelines for the management of patients with ventricular ar-
rhythmias and the prevention of sudden cardiac death: The Task 
Force for the Management of Patients with Ventricular Arrhyth-
mias and the Prevention of Sudden Cardiac Death of the Euro-
pean Society of Cardiology (ESC)Endorsed by: Association for 


