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Abstract
Purpose of the Review Systemic sclerosis (scleroderma) is a complex autoimmune disease that commonly involves the cardio-
vascular system. Even if often subclinical, cardiac involvement is considered a poor prognostic factor as it is a leading cause of
death in scleroderma patients. We review the cardiac manifestations of scleroderma, the diagnostic methods useful in detection,
and current advances in therapeutic management.
Recent Findings Beside the routine exams for the assessment of cardiac status (including EKG, standard echocardiography,
provocative tests) novel techniques such as myocardial strain imaging on echocardiography, cardiac magnetic resonance imag-
ing, invasive hemodynamic assessment, and endomyocardial biopsy have been demonstrated to be useful in understanding the
cardiac alterations that typically affect scleroderma patients.
Summary Recent application of novel cardiac detection strategies is providing increased insight into the breadth and pathogen-
esis of cardiac complications of scleroderma. Further studies coupling exercise provocation, invasive and imaging assessment,
and mechanistic studies in scleroderma cardiac tissue are needed to develop the optimal approach to early detection of cardiac
disease in scleroderma and targeted therapies.
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Introduction

Scleroderma (systemic sclerosis, SSc) is a rare heteroge-
neous autoimmune disease that results from a complex
relationship of exaggerated fibrosis, vasculopathy, and im-
mune dysregulation. It can affect multiple organ systems,
and among the rheumatologic diseases, has the highest

rates of case-specific mortality and substantial non-lethal
complications [1]. The heterogeneity and patient-to-
patient variability inherent in the clinical manifestations
of SSc, including autoantibody profiles, speed of disease
progression, constellation of target organ effects, and re-
sponse to treatment and survival, extend to its cardiac
manifestations. Cardiac involvement is common in this
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disease, with a majority of patients having post-mortem
pathologic findings [2], but often this remains clinically
silent until manifesting in later stages of the disease. SSc
can cause pathology in all aspects of the heart, including
the pericardium, myocardium, conduction system, vascu-
lature, and less commonly, the valves [3]. It is estimated
that only 10–30% of cases with cardiac alterations are
symptomatic, whereas the majority of cases (approxi-
mately 70%) are subclinical [4]. It is important to note
that almost a third of deaths related to SSc are attributed to
cardiac causes. Independent of mortality, cardiac involvement
in SSc is indicative of aggressive systemic disease.

Among the demographic risk factors that are associated
with a higher risk of cardiac involvement in SSc, race has
been found to affect outcomes and prevalence. A recent
single-center study comparing African Americans to other
racial groups over 20 years demonstrated significantly in-
creased rates of diffuse cutaneous disease, as compared to
white patients, who tended to have more anti-centromere
antibody and limited cutaneous disease [5]. Notably,
African Americans experienced an increase in prevalence
of cardiac, renal, digital ischemia, muscle, and restrictive
lung disease. Compared to whites, African American SSc
patients experienced an 80% increased mortality, even af-
ter adjusting for age at onset and disease duration. A sig-
nificantly larger multicenter study comparing an African
American cohort to other cohorts confirmed many of
these findings, including the tendency of African
American patients to have earlier onset, more diffuse cu-
taneous disease, more severe disease manifestations, in-
cluding pulmonary arterial hypertension (PAH), and
greater mortality [6, 7].

Cardiac manifestations in SSc are varied and are ei-
ther due to primary effects of the fibrotic disease pro-
cess underlying SSc on the heart or secondary due to
pulmonary arterial hypertension, interstitial lung disease,
or SSc renal crisis [8–10]. We will review the broad
categories of cardiac manifestations including involve-
ment of the pericardium and myocardium, vascular dis-
ease, conduction disease/arrhythmia followed by second-
ary cardiac manifestations.

Cardiac Manifestations

Pericardial Diseases

Pericardial involvement is more common than significant
myocardial fibrosis (62% vs. 30%) but is often limited to
asymptomatic effusions [11]. Some effusions in SSc may
be secondary (transudative) in the setting of right-heart
failure, and recent studies have demonstrated that effu-
sions in SSc patients with PAH is more common than that

in idiopathic PAH patients [12, 13]. When secondary to
right-heart failure, SSc patients tend to respond more to
diuresis rather than immunosuppression. Other less com-
mon pericardial manifestations include pericardial inflam-
mation, fibrinous pericarditis, fibrous pericarditis, pericar-
dial adhesions, cardiac tamponade, and constrictive peri-
carditis, but these are generally less common. When clin-
ically overt, pericardial disease can cause considerable
morbidity and is associated with symptoms in 5–16%
[11–13]. SSc patients are at risk for development of re-
strictive cardiomyopathy from fibrosis of the myocardium
and constrictive cardiomyopathy from chronic inflamma-
tion of the pericardium [11].

Myocardial Diseases

Myocardial involvement is more common and more se-
vere in the diffuse cutaneous variant, though patients with
the limited cutaneous and sine SSc variants also have
significant cardiac disease [14]. The hallmark pathophys-
iological mechanism underlying cardiac disease in sys-
temic sclerosis begins with a microvascular disease,
which leads to ischemia-reperfusion injury, subsequent
necrosis, and eventual fibrosis [15]. These hypothesized
vascular mechanisms are based on early autopsy studies
in which focal myocardial lesions were found, varying
from contraction band necrosis to regional fibrotic scar-
ring, and unrelated to any associated obstructive coronary
artery disease [16]. The common triad of SSc pathogene-
sis involves microvascular abnormalities, immune system
activation, and tissue fibrosis [8–10, 15].

In terms of primary cardiac involvement of SSc, simi-
lar to that observed in histologic studies, imaging findings
demonstrate patchy myocardial fibrosis [16]. Based on a
2015 study of 62 SSc patients, the prevalence of myocar-
dial fibrosis on magnetic resonance imaging (MRI) was
estimated to be 45%; myocardial fibrosis was also more
frequent and severe in diffuse cutaneous SSc patients, and
unrelated to obstructive coronary artery disease [17].
Clinically, diastolic dysfunction of both ventricles is sig-
nificantly more common than systolic dysfunction [18].
Left ventricular (LV) diastolic dysfunction is an early
noninvasive marker of underlying myocardial fibrosis
and may occur early in diffuse SSc independent of co-
morbid cardiac abnormalities, such as essential hyperten-
sion [19]. Diastolic dysfunction underlies the clinical syn-
drome of heart failure preserved ejection fraction
(HFpEF), which is highly prevalent in SSc [20].
Diastolic dysfunction reflecting impaired ventricular fill-
ing represents a stiff or fibrotic ventricle, which may
eventually lead to upstream effects, such as atrial enlarge-
ment and associated dysrhythmias, pulmonary venous
congestion and edema, and/or ventricular systolic
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dysfunction [19, 20]. However, the precise diagnosis of
HFpEF is a significant challenge in SSc patients given co-
morbid pulmonary disease which may also cause non-
specific symptoms.

LV systolic dysfunction is far less common in SSc
when compared to diastolic dysfunction, with an estimat-
ed incidence of 11–15% depending on diagnostic tech-
nique [8]. Impaired stroke volume was found to be pres-
ent at rest and during exercise in patients with SSc [21].
Overt clinical systolic heart failure (heart failure with re-
duced ejection fraction, HFrEF) in patients with SSc typ-
ically presents insidiously and is thought to be due to
focal ischemia from microvascular disease, leading to in-
flammation and myocardial fibrosis [222]. However, some
patients with SSc develop acute or subacute myocarditis
with a more rapidly progressive clinical course.

Right ventricular (RV) dysfunction in SSc may be the
result of HFpEF or HFrEF involving the left ventricle,
primary abnormalities of the right ventricle, or secondary
to PAH [23].

Vascular Dysfunction

Raynaud’s phenomenon, a sign of vascular dysfunction in
SSc, can be found in more than 90% of patients, and can
be associated with ischemic digital ulcers or digital loss.
The anti-centromere antibody is associated with not only
PAH but also increased risk of digital loss. The results of
recent studies suggest that double positivity for anti-
interferon inducible protein 16 (IFI-16) and anti-
centromere antibodies is associated with increased risk
of digital gangrene [24, 25].

Cardiac Conduction Disease and Arrhythmias

Arrhythmias are also common, and mechanistically due to
autonomic cardiac neuropathy, myocardial fibrosis into
the conduction system, as well as microvascular injury.
Approximately 25–75% of SSc patients manifest with an
abnormal electrocardiogram [26]. The most common elec-
trophysiologic abnormalities include premature ventricu-
lar contractions, PR prolongation, left anterior fascicular
block, and intraventricular conduction defects [27].

Valvular Disease

There is a low incidence of valvular disease in SSc; the most
common valvular abnormality is nodular thickening of mitral
and aortic valves, which may be associated with valvular re-
gurgitation that is usually not hemodynamically significant.
However, with an increasingly aged population, SSc patients
may also develop aortic stenosis, the diagnosis of which may
be confounded by multifactorial dyspnea.

Secondary Cardiac Manifestations

Secondary cardiac manifestations of systemic sclerosis are
those induced by pulmonary hypertension (PH), intersti-
tial lung disease (ILD), and renal disease [10]. PH can be
classified into pre-capillary, capillary, and post-capillary
etiologies [28]. It is often difficult to differentiate between
PH as a result of pulmonary arteriopathy versus as a con-
sequence of ILD and/or left heart involvement. A recent
study was able to deconstruct the wide heterogeneity of
pre-capillary pulmonary hypertension in SSc into four
c l in ica l ly re levant c lus ters [28, 29] . Clus ter 1
corresponded to mild and moderate risk PAH without ex-
tensive ILD and with a low diffusing capacity of the lungs
for carbon monoxide (DLCO). Cluster 2 was character-
ized by pre-capillary PH due to extensive ILD and with
a low DLCO. Cluster 3 was characterized by severe PAH
without extensive ILD and with a low DLCO. Cluster 4
was described as mild to moderate risk PAH without ex-
tensive ILD and with a normal DLCO. A source of con-
fusion arises from the uncertainty of the degree to which
pulmonary hypertension is a marker of severity of under-
lying left ventricular (LV) dysfunction versus as a target
for treatment. A precision medicine approach similar to
the one done by Launay et al., may improve and advance
the phenotyping that is necessary to have appropriate and
effective therapeutic interventions, rather than the current
“one-size-fits-all” PH strategy [29]. PH is commonly di-
agnosed in later stages of the disease process, owing to
the non-specific symptoms, such as exertional dyspnea,
and the inability of traditional monitoring, such as stan-
dard 2D echocardiography, to detect the disease process in
its early stages. SSc patients with ILD and associated PH
have particularly poor survival, with an estimated median
survival time between 1 and 3 years [30]. Because the
mortality of PH in the context of SSc is high and occurs
rapidly [12, 31], there has been an impetus to diagnose
PH in earlier stages of the disease [32]. The DETECT
study established an evidenced-based algorithm that min-
imized missed diagnoses of PAH in SSc, with only a 4%
false negative rate [33]. PAH occurs in an estimated 10–
12% of SSc patients and is a leading cause of early death
in this population, with a median estimated survival of 4
years after diagnosis [34, 35]. PAH is more commonly
associated with the limited cutaneous variant and the
anti-centromere antibody [36]. Despite this association,
an association between serum autoantibodies and survival
in patients with SSc-PAH was not identified in the
PHAROS cohort [36]. Increasing number of studies sug-
gest that the RNA polymerase III antibody may be asso-
ciated with both PH and interstitial lung disease in SSc
[37]. SSc patients with PH and HFpEF appear to have a
twofold increased risk of death compared to SSc-PAH
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when adjusted for hemodynamic factors [31]. From a
pathologic perspective, PAH leads to increased afterload
and overload of the RV, leading to RV remodeling and
failure [38]. The sarcomere has been shown in molecular
analyses to be the cause of RV dysfunction in SSc patients
[39••]. SSc patients also demonstrate less increase in RV
mass with increasing PVR than do patients with idiopath-
ic PAH, suggesting that patients with SSc-PAH may man-
ifest less adaptive hypertrophy [40]. SSc-PAH carries a
significantly worse prognosis compared with any other
form of PAH in Group 1, including idiopathic PAH [12,
41]. For prognostication, the ESC/ERS risk prediction
model appears to be accurate at predicting survival in
newly diagnosed SSc-PAH [42].

Diagnosis

In Fig. 2, we summarized the diagnostic algorithm and emerg-
ing research modalities for the assessment of cardiac involve-
ment in systemic sclerosis that will be discussed in the follow-
ing sections.

Initial Steps and Biomarkers

On history and physical, most patients with cardiac involve-
ment from SSc will manifest with dyspnea, decreased exercise
tolerance, fatigue, and/or chest discomfort. First-line testing
typically involves an electrocardiogram, chest x-ray, and
two-dimensional echocardiogram (2D echo), and subsequent
laboratory measurement of troponin, NTpBNP, and CK-MB
[43, 44]. It is important to realize that the sensitivity of just an
EKG and chest X-ray are low for SSc, and that laboratory
testing and imaging will ultimately yield definitive diagnoses.

Troponin and NTpBNP have been proven to risk stratify SSc
patients, in particular, those at risk of pulmonary hyper-
tension and ventricular arrhythmias [45–48]. In situa-
tions with a high suspicion for myocarditis, serum cre-
atine kinase MB isoenzyme elevation diagnoses and
monitors myocarditis. sFlt-1, PIGF, and a high RDW
on CBC may signify the presence of pulmonary arterial
hypertension in SSc, but further studies need to corrob-
orate these findings [49, 50].

Chest X-ray

On chest x-ray, findings that may be associated with SSc in-
clude atrial and ventricular enlargement, vascular congestion,
interstitial lung disease, and pleuropericardial abnormalities.
A pericardial effusionmay be visualized as enlargement of the
cardiac silhouette [51].

Assessment of Cardiac Conduction System

On EKG, the most common abnormalities include PR prolon-
gation, left anterior fascicular block, and intraventricular con-
duction defects [26, 52]. In fact, right bundle branch block is a
predictor of early mortality in systemic sclerosis [53], and QTc
prolongation is associated with longer disease duration, great-
er disease severity, and the presence of anti-RNA polymerase
III antibodies [54]. Diffuse PR depression and ST elevation
can be seen in acute pericarditis. An abnormal EKG is typi-
cally followed by ambulatory Holter monitor or implanted
loop recorder placement [26, 52]. A standard 12-lead EKG
is typically insufficient to diagnose arrhythmias and conduc-
tion disease; extended monitoring will reveal arrhythmias not
apparent in the brief snapshot in time that the 12-lead EKG
captures [27, 55].

The most common findings on Holter monitoring are sup-
raventricular tachycardias [52], and a high frequency of ven-
tricular ectopic beats correlates with life-threatening arrhythmic
complications [55]. Prolonged QTwas thought to be associated
with patients with more severe vascular and fibrotic complica-
tions of SSc, but this was later disproved in a larger cohort
[55–57]. Other less common manifestations on extended elec-
trophysiologic monitoring include ventricular dysrhythmias,
including multiform or coupled ventricular premature contrac-
tions, and ventricular tachycardias. Recent studies suggest that
impairment of heart rate variability (obtainable with high reso-
lution electrophysiologic monitoring) with respect to time and
frequency is a marker of cardiac dysautonomia in SSc [58].
Although the incidence of atrial arrhythmias and their correla-
tion with hemodynamics and clinical parameters has not been
well studied, recent data suggest that the occurrence of atrial
arrhythmias has prognostic implications [59]. This aligns with
its pathophysiology, as intact atrioventricular synchrony opti-
mizes biventricular filling, and is an important determinant of

Fig. 1 The pathologic hallmark of SSc cardiac involvement is patchy
myocardial fibrosis as shown here with trichrome blue staining. Note
fibrotic tissue abutting normal cardiac myocardial tissue. Histologic
image courtesy of Dr. Fredrick Wigley
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systemic output in patients with RV compromise. An adjunct
method for evaluating conduction disease is the exercise

treadmill electrocardiogram to detect exertional arrhythmia
but is not a standard part of an electrophysiological workup.

Baseline Evalua�on  
Pulmonary Func�on Tes�ng (FVC, DLCO), autoan�body assay 

(an�-Scl70, an�-RNA polymerase III, an�-topoisomerase, ANA, 
RF), 2D echocardiogram, proBNP, cardiac troponin, EKG 12-

lead, CXR 

Follow-up in 1 year or sooner if 
any symptoms develop 

Referral to Cardiology if tradi�onal risk factors of hypertension, 
dyslipidemia, diabetes mellitus, family history, and smoking 

present; and/or symptoms of angina or dyspnea with exer�on; 
and/or posi�ve cardiac troponin 

Coronary Artery Disease 

Risk factor stra�fica�on, echocardiography, restora�on of 
sinus rhythm in those with arrhythmia (transesophageal echo 
with cardioversion), ini�a�on and �tra�on of cardiomyopathy 

medica�ons, IV/PO diure�c management, CMR if troponin 
elevated and no evidence of obstruc�ve coronary disease 

Normal 

In pa�ents with RVSP > 35-40 mmHg with normal LV filling 
pressures, FVC < 80%, 10% decline in DLCO out of propor�on 

to FVC,  and/or unexplained dyspnea, referral for exercise 
echocardiography with strain imaging. If abnormal or 

equivocal, referral for cardiopulmonary stress tes�ng and/or 
invasive right heart catheteriza�on with exercise 

hemodynamics 

Pulmonary Hypertension 

In pa�ents with palpita�ons, and/or abnormal res�ng EKG, 
referral for Holter monitor when appropriate, 2D 

echocardiography, EP consulta�on +/- implantable loop 
recorder if ICD implanta�on warranted (depressed systolic 
func�on refractory to op�mal medical therapy or inducible 

ventricular tachycardia), pacemaker placement if 
symptoma�c bradycardia or high-grade AV block, abla�on, 

DC cardioversion for arrhythmia, an�-arrhythmic medica�on 
ini�a�on 

Arrhythmia 

Op�miza�on of diure�c regiment, risk 
factor stra�fica�on and treatment, 
and when applicable: assessment / 
diagnosis / treatment of obstruc�ve 
sleep apnea, obesity management 

HFpEF 
Ischemia evalua�on (stress tes�ng, 

coronary angiography, cardiac CTA), 
op�miza�on of cardiomyopathy 
treatment, CMR to evaluate and 

diagnose myopathy when applicable, 
consulta�on with EP for primary 

preven�on ICD if depressed systolic 
func�on ≤ 35% refractory to medical 

therapy 

HFrEF 

Posi�ve 

• Speckle-tracking echocardiography (both of the 
le� and the right ventricles) 

• Hemodynamic assessment of RV P/V loops 
• Endomyocardial biopsy 

Emerging/research modali�es  

Cor�costeroids, cyclophosphamide, mycophenolate mofe�l, 
azathioprine, guideline-directed medical therapy if LV systolic 

dysfunc�on is present 

Myocardi�s 

Fig. 2 Diagnostic algorithm and emerging research modalities for the assessment of cardiac involvement in systemic sclerosis
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A Holter monitor or implantable loop recorder will provide the
most utility for the vast majority of these patients.

Echocardiography

Echocardiography remains the gold-standard for assessment
of the myocardium, owing to its relative accuracy, reproduc-
ibility, sensitivity, and widespread availability. On standard
doppler echocardiography, findings in SSc include pericardial
effusion, diastolic dysfunction (less commonly systolic dys-
function), RV impairment, abnormal atrial and ventricular vol-
umes, and the presence of PH [60]. Tissue Doppler imaging,
which provides direct measurement of myocardial tissue ve-
locities and patterns of tissue movement, allows for the mea-
surement of a myocardial strain rate (SR), which is a sensitive
method for identifying myocardial contraction, independent
of myocardial translational motion [61]. This is a robust indi-
cator of contractility and stiffness. However, measurement of
velocities are insufficient to characterize cardiac mechanics.
Strain, which is the fractional change in length of a segment of
myocardium compared to its original length, provides an ad-
ditional parameter to describe cardiac deformation that is par-
ticularly valuable in the study of the fibrotic sequelae of SSc.
Due to the complex geometric shape of the right ventricle, the
ability to measure myocardial strain through tissue Doppler is
difficult because this technique requires alignment of the
Doppler beam with the direction of myocardial motion [62].

More recently, a new imaging modality called speckle
tracking echocardiology (STE), used in conjunction with con-
ventional 2D echo, provides a precise measure of regional and
global systolic function through direct measurement of strain
that is not user-dependent or angle-dependent, unlike previous
Doppler-derived techniques [61]. Recent studies have demon-
strated the ability of STE to detect LVand RV dysfunction that
precedes abnormalities detected by conventional echocardio-
graphic methods [63••]. STE has also been able to discern
subtleties in RV dysfunction strain parameters that help dis-
tinguish between different types of pulmonary hypertension
[64•].

Echocardiograms are recommended yearly to screen for
PAH in SSc. Using data from yearly echocardiographic
screening, a recent study demonstrated that the rate of increase
in RV systolic pressure is a risk factor for mortality and PAH
even after adjustment for clinical characteristics and longitu-
dinal pulmonary function tests (PFT) data [65].

Cardiac MRI

Although cardiac MRI has a sensitivity advantage over cur-
rent 2D echo techniques, and is less operator dependent than
echocardiography, it is often only available at tertiary or qua-
ternary care centers. Gadolinium-delayed contrast enhance-
ment allows for visualization of myocardial fibrosis [17, 66,

67], and T2-weighted imaging identifies inflammatory le-
sions, as well as measures of ejection fraction and chamber
size. For quantitative evaluation of RV function and structural
changes, cardiac MRI has become the gold standard, as it
provides accurate and reproducible measurements without
geometric assumptions. Newer perfusion MRI techniques
can also identify perfusion defects through measure of a glob-
al perfusion index. Myocardial stress perfusion defects detect-
ed by pharmacological stress perfusion CMR have been
shown to be reliable and sensitive for non-invasive evaluation
of SSc heart disease, even in early stages of the disease [17,
68–71]. CardiacMRI can also visualize a myriad of additional
pathologies, including the ability to detect silent myocarditis
through the Lake Louise criteria [72–74], as well as epicardial
fat volume, which may be an easily quantifiable cardiovascu-
lar risk marker in systemic sclerosis and other rheumatic dis-
eases [75, 76]. Because of its wide-ranging capabilities, there
is debate over how early in the diagnostic process it should be
utilized [77]. Despite the many capabilities of cardiac MRI, it
is limited by ferro-magnetic implants, patient-to-patient vari-
ability in respirations, the ability of patients to breath-hold,
arrhythmia-induced cardiac motion variability, as well as ac-
quisition time and cost [78].

Nuclear Imaging (PET, SPECT)

Single-photon emission computed tomography can also be
used to assess for myocardial perfusion/ischemia [79].
SPECT is widely available, non-invasive, and demonstrates
areas of reduced myocardial perfusion during stress. In a study
of 35 patients with SSc, 60% manifested signs of reduced
blood supply on SPECT, likely unrelated to occlusive coro-
nary artery disease [80]. Hybrid scanners combining PET and
MRI can help differentiate scar from active inflammation
within myocardium [81, 82].

Increased FDG uptake in the right ventricle correlates with
earlier onset of clinical worsening and higher mortality rates,
but it is not clear the usefulness of RV FDG uptake as a
biomarker in PAH [82–84]. Although nuclear imaging such
as SPECT and PET are sensitive for detection of perfusion
defects, these techniques are limited and inferior in the imag-
ing of subendocardial defects when compared to cardiac MRI
[18, 22, 85]. MRI has largely supplanted the utilization of
thallium-201 SPECT, in part due to the lack of radiation ex-
posure, and the additional data regarding chamber volumes
and fibrosis [86, 87].

Exercise Testing: 6-Min Walk Test

There are conflicting opinions on the utility of the 6-min walk
test (6MWT) in systemic sclerosis [88–90]. Although data
show that the results of the 6MWT strongly correlate with
overall prognosis [91, 92], many non-cardiac and non-
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pulmonary aspects of SSc contribute to the results including
the integumentary and musculoskeletal system [93, 94].
Despite this controversy, the DIBOSA scoring system, taking
into account the 6MWT, has been shown to be a sensi-
tive tool for predicting mortality in SSc-PH, and strong-
ly correlates with pulmonary pressures [95]. An increase
in the ratio of mPAP/Q obtained by stress echo during
the 6MWT appears to provide a clue to future PH and
is a potential indicator of subclinical pulmonary circula-
tory impairment [91, 96].

Exercise Testing: Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing (CPET) response in SSc is
characterized by reduced peak oxygen consumption, early an-
aerobic threshold, reduced oxygen pulse, high minute venti-
lation to carbon dioxide production ratio, low end-tidal pCO2,
and variable oxygen desaturation [97–99]. CPET has not been
widely used or studied in screening studies, in part because
testing and interpretation are complex, costly, time-consuming
processes that may not be standardized across centers [94,
100]. However, a recent study demonstrated the capability of
CPET to non-invasively detect pulmonary arterial hyperten-
sion in a safe manner, thus potentially reducing unnecessary
right heart catheterization procedures [101]. CPET has the
capability of distinguishing between causes of exercise limi-
tation through characterization of the pattern of gas exchange
limitation [102]. Integrating CPET with imaging or invasive
hemodynamics is a recent development in the field, and is the
subject of ongoing research, particularly because of the poten-
tial to assess cardiac “functional reserve” and provide new
insights into systemic and pulmonary hemodynamics [103].
These recent developments will be detailed in the next two
sections.

Exercise Testing: Exercise Echocardiography

Comparison of normal echocardiographic variables to echo-
cardiographic variables obtained during exercises have
yielded insights into SSc heart disease. In particular, exercise
testing appears to unmask abnormalities not apparent in rest-
ing studies. A study of 25 patients with normal resting PAP
demonstrated reduced RV contractile reserve in exercise, sug-
gesting that subclinical RV dysfunction during exercise can be
a surrogate for early pulmonary vascular disease [104]. RV
dilation visualized by ECHO during exercise can predict ad-
verse ventricular-vascular coupling in PAH patients
[105]. Another study found impaired increase in stroke
volume in patients with SSc and PH, as compared to
those without PH [21]. Increases in measured systolic
pulmonary artery pressure on exercise echocardiography
can be measured over time, indicating the progression
of pulmonary vascular disease [98].

Exercise Testing: Exercise Right Heart Catheterization

Comparison of cardiac catheterization parameters obtained at
rest to those obtained during exercise have yielded insights
into SSc heart disease. A sensitive set of criteria to define
exercise induced pulmonary hypertension have been proposed
and include a mPAP > 30mmHg and TPR > 3WU atmaximal
exercise [106, 107]. The gradual deterioration of pulmonary
exercise hemodynamics and exercise capacity can be tracked
by exercise right heart catheterization [90]. Recent studies
suggest that exercise PH may be a precursor of resting PH
[108, 109]. Thus, exercise testing appears capable of revealing
hidden precursor disease states that would not otherwise be
apparent with resting standard right heart catheterization.
Exercise during cardiac catheterization also elucidates the
pathophysiology of dyspnea and distinguishes exercise-
induced PAH from the more common diastolic dysfunction
in SSc patients [110].

Right Heart Catheterization

Right heart catheterization (RHC) is the gold standard and
required to confirm a diagnosis of PAH [111]. A core set of
criteria for referral for RHC has been defined by Delphi con-
sensus methods, and these include clinical criteria (progres-
sive dyspnea over 3 months, unexplained dyspnea, worsened
of WHO dyspnea functional class, any finding on physical
exam suggestive of elevated right heart pressures or right heart
failure), echocardiography (systolic pulmonary artery pressure
> 45 mmHg and right ventricle dilation) and PFTs (DLCO <
50% without pulmonary fibrosis) [112].

A recent study by Tedford et al. established a protocol for
invasive measurements of pressure-volume relations in the
right ventricle in humans, along with the use of a Valsalva
maneuver to lower preload and generate end-systolic pres-
sure-volume relationships effectively [113••]. Although this
is technically difficult and requires skilled operators, this of-
fers an avenue for research that allows advanced physiologic
characterization RV dysfunction using methods traditionally
reserved for animal models of the left ventricle.

Left Heart Catheterization, Coronary Evaluation

Suspicion for coronary artery disease is evaluated by coronary
angiography, and coronary score by CT. Moderate to severe
coronary calcifications are seen in up to two-thirds of patients
with SSc. There was initial uncertainty over the relation of
macrovascular atherosclerotic cardiovascular disease to SSc,
but a large study in Hong Kong demonstrated that SSc was an
independent risk factor for coronary calcification [114, 115].
On cardiac catheterization, atherosclerotic lesions of small
coronary arteries may be seen, but may be better evaluated
by SPECT or MRI. SPECT or MRI can demonstrate stress-
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induced perfusion defects thought to represent fibrotic or mi-
crovasculature changes. Microvascular coronary artery dis-
ease in SSc has an estimated prevalence of over 60%.

Endomyocardial Biopsy

Endomyocardial biopsy (EMBx) can be performed as part of a
cardiac catheterization. On endomyocardial biopsy, fibrotic
tissue with concentric intimal hyperplasia of intramural coro-
nary arteries may be seen if affected areas of the heart are
sampled. The degree of cardiac inflammation and fibrosis
seen on EMBx is associated with adverse cardiac event rate
and can be seen in an estimated 80 to 100% of SSc patients
[116]. The major utility of endomyocardial biopsy is as a tool
to exclude differential diagnoses, such as hydroxychloroquine
toxicity and cardiac amyloid, and to distinguish between in-
flammatory and fibrotic forms of heart involvement in SSc
[4]. The observed fibrosis of the myocardium of SSc differs
from atherosclerotic coronary artery disease and does
not correspond to the regional distribution of a single
coronary artery, rather involving the subendocardium.
On histology, there is diffuse patchy fibrosis, contrac-
tion band necrosis, concentric intimal hypertrophy asso-
ciated with fibrinoid necrosis of intramural coronary ar-
teries, as shown in Fig. 1. A recent study suggested that
endomyocardial biopsy can detect earlier stages of the
disease, before any abnormalities manifest on EKG or
ECHO [116]. Endomyocardial biopsy, however, is sub-
ject to sampling error, as not all areas of the heart may
manifest with fibrosis [51].

Management

In Table 1, we summarized the diagnostic tools and the current
treatment of cardiac manifestations in SSc.

Ischemic Cardiomyopathy

In patients with suspected ischemic cardiomyopathy, re-
ferral to cardiology should be initiated in the setting of
new echocardiographic evidence of left ventricular EF <
45% or interval change in EF associated with new is-
chemic changes on EKG, and/or symptoms of angina or
dyspnea with exertion, and/or positive cardiac troponin
in setting of traditional risk factors of hypertension, dys-
lipidemia, diabetes mellitus, family history, and
smoking. Referral to cardiology would likely entail risk
factor modification, echocardiography, exercise or phar-
macologic stress testing, coronary evaluation with coro-
nary CT angiography, or invasive coronary angiography
if indicated by symptoms or positive stress testing
[117].

Heart Failure

In patients with suspected heart failure, referral to cardiology
should be initiated in the setting of traditional risk factors and
signs/symptoms, including dyspnea, orthopnea, paroxysmal
nocturnal dyspnea, peripheral edema, and elevation in pro-
BNP [118]. Referral to cardiology would likely entail risk
factor stratification, echocardiography, re-establishment of si-
nus rhythm in those with arrhythmia, initiation and titration of
cardiomyopathy medications, IV/PO diuretic management,
and CMR if troponin elevated and no evidence of obstructive
coronary disease [118]. For HFpEF, special considerations
would include workup and treatment for obstructive sleep
apnea and obesity, and referral for cardiac catheterization if
symptoms refractory or disproportionate to noninvasive find-
ings or symptoms [118]. For heart failure with reduced ejec-
tion fraction, special considerations would include ischemia
evaluation, CMR to evaluate and diagnose overlap inflamma-
tory myopathy when applicable, and consultation with EP for
primary prevention ICD if depressed left ventricular systolic
function EF < 35% refractory to medical therapy [118].

Treatment for systolic dysfunction in systemic sclerosis
mirrors traditional guideline directed medical therapy for heart
failure, including diuretics, ACE inhibitors, angiotensin recep-
tor blockers, and aldosterone antagonists. A calcium channel
blocker can be added, because the pathophysiology of systolic
dysfunction in SSc is usually underlying microvascular and
diastolic dysfunction. Treatment for diastolic dysfunction in
systemic sclerosis also mirrors traditional guideline directed
medical therapy, most commonly being diuretics.

Pulmonary Hypertension

SSc patients with suspected PH should be screened with an-
nual PFTs with DLCO measurement and echocardiography
[119]. Current standard of treatment includes endothelin re-
ceptor antagonists, and PDE5 inhibitors such as sildenafil and
tadalafil. Recent studies have demonstrated the benefits of
earlier dual therapy of ambrisentan and tadalafil [120, 121•].
It is important to note that analysis of PHAROS data demon-
strated a significantly worsened time to clinical worsening in
patients initially treated with an endothelin receptor antagonist
as monotherapy as compared to patients treated with a phos-
phodiesterase 5 inhibitor or combination therapy with an
endothelin receptor antagonist and PDE5 inhibitor [122].
Riociguat is a soluble guanylyl cyclase stimulator first ap-
proved in 2013 for the treatment of different forms of pulmo-
nary hypertension, including pulmonary arterial hypertension
associated with CTD [123]. The PATENT-1 and PATENT-2
trials demonstrated that riociguat was well tolerated and asso-
ciated with positive trends in 6MWand other endpoints [124].
The recent RISE-SSc trial aims to evaluate the use of riociguat
in diffuse cutaneous systemic sclerosis [125].
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In patients with suspected PH, referral for exercise echo
with strain imaging would be initiated in the setting of
RVSP greater than 35–40 mmHg with normal LV filling pres-
sures, FVC < 80%, 10% decline in DLCO out of proportion to
FVC, and/or unexplained dyspnea. If abnormal or equivocal,
referral for cardiopulmonary stress testing and/or inva-
sive RHC with exercise hemodynamics can be consid-
ered. Provocative NO testing is not currently recom-
mended in SSc patients. Based on studies of patients
enrolled in the PHAROS registry [126–129], a DLCO
< 50%, exercise oxygen desaturation, or pericardial ef-
fusions should prompt a right heart catheterization and

subsequent appropriate intervention if pulmonary hyper-
tension is confirmed [130, 131].

Arrhythmias

For arrhythmias, there are no specialized indications for pace-
maker or AICD implantation specific to SSc; traditional
guideline-directed electrophysiologic approaches are used.
Referral for Holter monitoring or implanted loop recorder
and 2D echo would be appropriate in the setting of palpations
and/or abnormal resting EKG. As discussed previously, elec-
trophysiology consultation for defibrillator implantation is

Table 1 Prevalence, diagnostic tools, and treatment of cardiac complications of systemic sclerosis

Cardiac manifestation Diagnostic tools Treatment

Pericardial diseases
• Acute/chronic

pericarditis
• Pericardial effusions
• Constrictive

pericarditis

EKG typically demonstrates sinus tachycardia; may
demonstrate pulsus alternans if effusion is present and large

Imaging studies:
• 2D echocardiography to evaluate for cardiac tamponade or

hemodynamic compromise
• CT/CMR may demonstrate pericardial thickening in the

setting of chronic pericarditis, constrictive pericarditis
Right Heart Catheterization:
• Invasive hemodynamics may be indicated in cases of

discordant findings and will demonstrate discordance of
peak LVand RV pressures at peak inspiration

Laboratory Studies: elevated NT-proBNP

Pericarditis: NSAIDs and colchicine; If constriction, then treat
right heart failure symptoms with diuretics, sodium and
fluid restriction; pericardial stripping surgery is
contraindicated in most cases

Pericardial effusion: treat only if symptomatic; rule our renal
crisis; cautious diuretics in the setting of right heart failure;
Pericardiocentesis if severely symptomatic or evidence of
cardiac tamponade. Pericardiocentesis is contraindicated in
patients with significant pulmonary arterial hypertension or
RV dysfunction

Primary left and right
ventricular
myocardial
dysfunction

Imaging Studies:
• 2D echocardiography is the mainstay in diagnosis of LV/RV

systolic or diastolic dysfunction. Tissue Doppler analysis
may demonstrate diastolic dysfunction with elevated LV
filling pressures. Noninvasive estimation of RV filling
pressures may demonstrate evidence of pulmonary
hypertension

• Speckle tracking echocardiography can be used to identify
subclinical abnormalities in contractility

• CMR for inflammation or fibrosis
Right Heart Catheterization:
• Invasive hemodynamics for confirmatory
Laboratory Studies: troponin, NT-proBNP

LV systolic dysfunction: GDMT ± CRT, mechanical support
devices, cardiac transplantation

LV diastolic dysfunction: Symptomatic treatment (i.e.
diuretics), adequate blood pressure control

RV dysfunction: Symptomatic treatment (i.e., diuretics),
Digoxin, invasive hemodynamic testing to rule out
pulmonary arterial hypertension

Cardiac conduction
disease and
arrhythmias

Resting EKG or 24-hour ambulatory Holter monitor. In
patients where symptoms are less frequent, and/or are
associated with cardiogenic syncope, a 30-day event
monitor may be indicated. In cases where a 30-day event
monitor is unrevealing, implantable loop recorders may
extend the ability to detect arrhythmias over a longer period
of time

Imaging Studies:
• CMR for myocardial fibrosis

Bradyarrhythmias: pacemaker according to standard
guidelines

Tachyarrhythmias: Nondihydropyridine calcium channel
blockers, avoid betablockers if Raynaud’s present, cautious
use of antiarrhythmics consider ablation or ICD in select
patients

Ischemic
cardiomyopathy

Imaging Studies:
• Myocardial perfusion imaging (SPECT or CMR imaging)
•Cardiac CTwith coronary artery calcium scoremay be useful

for screening
Left heart catheterization/coronary angiography:
• gold standard for assessment and management of obstructive

epicardial CAD

Microvascular CAD: Calcium channel blockers,
ACE-inhibitors/angiotensin receptor antagonists; consider
ranolazine if angina is present; statins

Macrovascular/epicardial CAD: Coronary stenting or standard
medical management of coronary artery disease; statins

Abbreviations: EKG electrocardiogram, NSAIDs non-steroidal anti-inflammatory drugs, CT computed tomography, CMR cardiac magnetic resonance,
RV right ventricular, LV left ventricular, GDMT guideline-directed medical therapy, CRT cardiac resynchronization therapy, ICD implantable
cardioverter-defibrillator, SPECT single-photon emission computed tomography, CAD coronary artery disease
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warranted for depressed systolic function refractory to optimal
medical therapy or inducible ventricular tachycardia. Sudden
cardiac death is a risk in these patients, and those who might
benefit from an ICD should undergo evaluation for placement
[26]. EP consultation for pacemaker placement is warranted
for symptomatic bradycardia or high-grade AV block.

Pericardial Disease

Treatment of pericarditis in SSc general mirrors standard ther-
apy, including NSAID therapy, and colchicine for 1–3 month
duration [11, 132]. Corticosteroids are avoided because of
increased risk of transformation to chronic symptomatic peri-
carditis and can precipitate SSc renal crisis. Corticosteroids
are reserved for refractory cases.

Pericardial effusions are typically only treated if symptom-
atic. As part of the management of pericardial effusions, renal
crisis should be ruled out. If there is suspicion for right heart
failure with concomitant pericardial effusion, diuresis should
be done cautiously. Pericardiocentesis can be performed if
severely symptomatic or with tamponade physiology; howev-
er, pericardiocentesis is contraindicated in patients with sig-
nificant pulmonary arterial hypertension or RV dysfunction,
due to the concern for acute right heart decompensation [13,
87]. At some centers, RHC is recommended in patients with
concomitant pulmonary arterial hypertension and large peri-
cardial effusions to better characterize hemodynamics prior to
making the decision between medical vs. surgical manage-
ment [132].

Arterial Line Placement

For patients requiring arterial line placement, it is important to
note that radial arterial line placement may trigger critical
ischemic events in SSc patients [133]. Thus, alternatives to
arterial lines should be considered prior to insertion in SSc
patients.

Broad Perspectives

There are no currently accepted disease-modifying therapies
that directly target the heart and its underlying pathophysiol-
ogy, such as inflammation and/or fibrosis, at this time, though
regenerative research into stem cell therapy is ongoing [134].
Recently, results from a multicenter observational long-term
study demonstrated that the use of vasodilators (i.e., calcium
channel blockers and/or ACE inhibitors or angiotensin II re-
ceptor blockers, or even pulmonary vasodilators) and low-
dose acetylsalicylic acid was associated with a decrease in
the incidence of distinct myocardial manifestations (including
arrhythmias, need of pacemaker implantation, reduction of left
ventricular ejection fraction, and/or development of chronic
heart failure), thus suggesting a possible role of these

therapeutic options in preventing the development of SSc-
related cardiac complications [135]. Exercise itself may be-
come an adjunct element to treating not just SSc, but rheumat-
ic diseases in general [136]. Future directions are directed at
development of novel immunomodulators to counteract the
pathologic processes and improving diagnosis through dis-
covery of novel biomarkers from advances in proteomics
[137]. Future directions in the realm of pulmonary hyperten-
sion are focused on establishing a definitive consensus for a
hemodynamic definition, elucidating the pathobiology of lung
capillaries and small arteries, standardizing methods for as-
sessment of right ventricular function, and searching for new
treatments to improve lung vessels and the remodeled right
ventricle [138]. For example, recent developments in thera-
peutics include macitentan, riociguat, and selexipag [139]; a
recent large three-cohort study demonstrated the utility of pul-
monary effective arterial elastance as an upcoming noninva-
sive metric to measure total RVafterload and index ventricular
function to RVafterload [140].

Conclusion

Beside the routine exams for the assessment of cardiac status,
data from recent studies on novel techniques including myo-
cardial strain imaging on echocardiography, cardiac magnetic
resonance imaging, invasive hemodynamic assessment, and
endomyocardial biopsy gave relevant insights in the under-
standing of the SSc-related cardiac alterations (Table 2).
Nevertheless, we acknowledge that it is difficult to apply all
these evaluations on the daily routine care of SSc patients.
Further studies are needed in order to improve the treatment
and the early diagnosis of cardiac involvement in SSc.

Table 2 Summary of the key points of this review on cardiovascular
complications in systemic sclerosis

Key points

•Cardiac involvement in SSc is common and significantly heterogeneous
concerning both prevalence and clinical presentation

• Cardiac alterations in SSc could also be secondary to other SSc
complications (due to pulmonary arterial hypertension, interstitial lung
disease, or SSc renal crisis) with relevant prognostic implications

• Cardiac conduction disease and arrhythmias are quite common,
probably related to due to autonomic cardiac neuropathy, myocardial
fibrosis into the conduction system, as well as microvascular injury

• Guideline-directed medical therapy is the current treatment for cardiac
complications in SSc

• To date no specific treatment is available to prevent cardiac
complications in SSc

• Speckle-tracking echocardiography (both of the left and the right
ventricles), hemodynamic assessment of RV P/V loops, and
endomyocardial biopsy can help in better understanding of the
SSc-related cardiac alterations
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