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Abstract

Purpose of review Systemic sclerosis (SSc) is a systemic inflammatory, autoimmune
disorder characterized by diffuse fibrosis of the skin and visceral organ involvement.
Endothelial dysfunction and microvascular injury dominate the pathophysiology and
clinical manifestations of the disease, while the impact of macrovascular atherosclerotic
disease on cardiovascular (CVD) morbidity and mortality is yet to be established. In this
article, we aim to review current knowledge about CVD as well as cardiac complications in
SSc and discuss the potentially implicated pathogenetic mechanisms.
Recent findings Systemic inflammation has been identified as an important trigger and
contributor for the development and progression of atherosclerosis, closely associated
with high cardiovascular mortality in patients with autoimmune disorders, such as rheu-
matoid arthritis. A close interplay between traditional risk factors and factors related to
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the disease, including inflammation, endothelial injury, and immune-mediated cytotoxic-
ity, sharing common pathogenetic features with microvasculopathy, may be responsible for
large-vessel involvement and promotion of atherosclerosis in SSc. Cardiac complications,
including heart failure due to impairment of coronary microcirculation and myocardial
fibrosis, are listed among the primary cause of death in SSc. Evaluation of indirect surrogate
markers of CVD, namely, arterial stiffness, carotid media thickness, and flow-mediated
dilation, in small studies has provided inconsistent results regarding the association
between SSc and atherosclerosis, highlighting the need for further research on this field.
In this article, we aim to review current knowledge about large-vessel involvement and CVD
in SSc and discuss the potentially implicated pathogenetic mechanisms.
Summary SSc conveys a higher risk for CVD associated with both vascular and fibrotic
complications during the course of the disease. Increasing attention is given on the use of
vasodilators, immunosuppressants, and more recently antifibrotic drugs that potentially
improve myocardial function and reduce atherosclerotic disease burden.

Introduction

Systemic sclerosis (SSc) is a rare, multiorgan, connective
tissue disease, characterized by fibrosis of the skin and
internal organs and significant deterioration of life quality.
Autoimmune activation, endothelial dysfunction, and ex-
tensive tissue fibrosis form the pathogenetic triad of the
disorder, culminating in a heterogenous spectrumofman-
ifestations with varying prognosis [1]. Based on the extent
of skin involvement, SSc is classified in two major sub-
types, limited and diffuse, with the latter representing the
more aggressive type with severe visceral organ involve-
ment [2]. Despite better understanding in the pathogene-
sis of SSc, the disease remains a field of increasing interest
in terms of precise comprehension of its complex patho-
genesis and optimal medical management.

Cardiac involvement in SSc encapsulates a wide spec-
trum of clinical indices including myocardial fibrosis and
dysfunction, pericarditis, myocarditis, and valvulopathies
as well as pulmonary hypertension and accounts for the
majority of SSc-related deaths in this population [3].
While small-vessel disease represents a pathognomonic
feature of SSc, it remains unclear whether common path-
ogenetic mechanisms, including endothelial dysfunction,

systematic inflammation, oxidative stress, and impaired
coagulation, may lead to large-vessel involvement and,
particularly, development of accelerated atherosclerosis
predisposing patients with SSc to high risk for CVD [4,
5]. Similarly to what occurs in other systemic autoim-
mune disorders such as rheumatoid arthritis and systemic
lupus erythematosus with well-establish excess burden of
CVD, interrelations between traditional risk factors, auto-
immune dysregulation, and systemic inflammation may
account for the progression of accelerated atherosclerosis
in SSc [6]. Non-invasive assessments of vascular function
such as carotid intima-media thickening (cIMT) and
flow-mediated dilatation (FMD) have demonstrated im-
paired endothelial function suggesting a significant de-
gree of atherosclerotic macrovascular disease in this
population[7].

The aim of this review is to discuss the various guises
of cardiovascular morbidity in SSc with a special focus on
potential pathogenetic mechanisms of macrovascular in-
volvement. Aspects of disease-specific CVD such as myo-
cardial dysfunction and pulmonary arterial hypertension
(PAH) are also discussed.

Macrovascular atherosclerotic disease in SSc hypotheses

Connective tissue diseases are correlated with increased morbidity and mortal-
ity related mainly to cardiovascular events and progression of subclinical
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atherosclerosis [8]. SSc, is a chronic multisystem disorder characterized by
widespread vascular impairment and accelerated fibrosis of the skin and inter-
nal organs with broad patient-to-patient variability [9] Microvascular injury is
the pathognomonic feature of SSc culminating in manifestations such as
Raynaud’s phenomenon, digital ulcers, pulmonary arterial hypertension, and
renal crisis. Besides well-characterized microvascular involvement, a number of
recent reports suggest a degree of macrovascular implication, as revealed by the
detection of abnormalities in morphological and functional indices of vascular
evaluation, namely, aortic wall stiffness, cIMT, and FMD [4, 10, 11]. Addition-
ally, SSc patients may develop atherosclerotic alterations more frequently com-
pared to the general population [7, 10]. Atherosclerotic wall damage in SSc is
recognized as a multifactorial process, where not only traditional CVD risk
factors but also endothelial damage, autoimmunity, and chronic inflammation
play an important pathogenetic role [12].

Traditional and disease-related risk factors in SSc

CVD is associated with the greatest burden of morbidity and mortality world-
wide in both developed and developing countries. Traditional CVD risk factors
such as smoking, elevated cholesterol levels, and high blood glucose are signif-
icant contributors to CVD in the general population [13] but their role in
autoimmune diseases appears to be less prominent [14]. Renal crisis was the
leading cause of death in SSc in the past; however, during the recent decades, the
death rates due cardiopulmonary complications including CVD have substan-
tially increased [15]. Nevertheless, conflicting evidence exists regarding the
involvement of atherosclerosis in SSc patients [4].

Studies of small size have suggested that patients with SSc have similar or
lower prevalence of traditional CVD risk factors compared with controls [16–
19]. Man et al. [17] demonstrated no difference in frequencies of obesity,
hyperlipidemia, hypertension, and diabetes between cases and controls [17].
Blood pressure occurrence was shown to be similar between SSc and controls
[20]. Another study investigating 48 SSc patients and 46 healthy controls
suggested only a slight increase in blood pressure and fasting glucose as well
as a lower body mass index in SSc patients [21]. However, a recent Danish
nationwide cohort study including 2778 SSc patients reported higher rates of
hypertension and treated dyslipidemia among SSc patients compared to con-
trols at baseline [22], indicating for first-time classic CVD risk factors as poten-
tial contributors to atherosclerosis in SSc disease setting.

In view of lipid profile alterations, the results of previous studies in SSc
population have also been inconclusive. In a case-control study, the lipid levels
of 31 female SSc patients were generally similar to those of 33 matched healthy
controls [23]. In another study, Mok et al. demonstrated that SSc was signifi-
cantly correlated with lower low-density lipoprotein levels, high-density lipo-
protein levels, and bodymass index compared to controls [24]. Additionally, in
an older study by Ho et al., there were no significant differences in conventional
cardiovascular risk factors, including lipid and glucose levels, as well as systolic
and diastolic blood pressure, between SSc patients and controls [25].

Taking everything together, there are insufficient data to support that tradi-
tional CVD risk factors are more often in SSc patients compared to general
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population and large-scale studies are needed to define the precise impact of
these parameters on increased CVDmorbidity andmortality in this population.
Given that—similarly to other systemic inflammatory diseases—classic CVD
factors cannot explain on their own the heightened CVD risk; it has been
suggested that disease itself represents a predisposing factor coupled with high
levels of inflammation especially during the first year of the disease [26].

It is well recognized that vascular impairment in SSc is ubiquitous and occurs
early in the course of the disease. It is characterized by endothelial cell activation
and altered vascular tone. Raynaud’s phenomenon is one of the earliest signs of
vasculopathy reflectingmorphological changes in capillaries [27]. An impairment
of endothelium-dependent vasodilation seems to take place before the beginning
of clinical atherosclerosis in SSc [5]. Endothelial activation, the main initiating
factor of vascular abnormalities and excess matrix accumulation typical for SSc, is
likely to be triggered via a number of various reasons, including oxidative stress,
hypoxia, and infection [27]. Activated endothelial cells induce the recruitment of
adhesion molecules leading to increased perivascular inflammatory infiltrates,
intimal fibrosis, and fibroblast overproduction. As a result, the balance between
turnover and deposition of extracellular proteins is disrupted. Moreover, the
overexpression of adhesion molecules contributes to a substantial endothelium
homeostasis imbalance by promoting the synthesis of vasoconstrictors, predom-
inantly endothelin 1, and by downregulating the production of vasodilation
mediators, such as nitric oxide and prostacyclin [28].

Dysfunction of platelets also play an important role in the pathophysiology
of vascular injury in SSc via the promotion of fibroblast activation and accu-
mulation of vasoactivemediators, thus contributing to derangement of vascular
hemostasis and the promotion of damage in micro- and macrovascular beds.
Endothelial cell apoptosis in SSc is a significant factor of vascular impairment,
and it is induced by antibody-dependent cell-mediated cytotoxicity via Fas-
dependent pathway [29].

Autoimmune dysregulation is also actively implicated in derangement of
vascular homeostasis as anticentromere antibodies have been linked to plaque
formation and ischemic arterial events [30]. Antiphospholipid antibodies have
also been associated with pulmonary arterial hypertension in a group of SSc
patients [10]. Last but not least, there is mounting evidence that novel markers
of atherosclerotic risk, such as homocysteine [31], lipoprotein[a] [23], and
oxidized low-density lipoprotein [32], are more prevalent in SSc, but these
results have not been evaluated in large-scale studies.

Atherosclerosis and coronary artery disease in SSc

The presence of macrovascular disease in SSc is not well established and
definitely less studied compared to other complications such as visceral organ
fibrosis, and the question whether atherosclerosis has an impact on morbidity
in SSc remains to be answered. However, growing amount of evidence indicates
that macrovascular atherosclerotic disease might lead to increased (20–40%)
morbidity and mortality in SSc [9, 33, 34]. In a study with 5860 SSc patients, it
was demonstrated that pulmonary fibrosis, pulmonary arterial hypertension,
heart failure, and arrhythmias were the primary causes of death in this group of
patients [9].
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Coronary arteries pathology in SSc was initially evaluated by D’ Angelo et al.
in 1969 in an autopsy-based study [35]. They found significant increase in
atherosclerotic lesions in small coronary arteries and arterioles, whereas no
difference was described in medium-size coronary arteries between SSc patients
and controls. Later, Hesselstrand et al. reported that almost 20% of deaths in a
Swedish cohort of SSc patients were correlated to CVD [36]. Table 1 shows the
summary of the studies assessing the prevalence of coronary artery disease
(CAD) and the risk of CVD events in SSc.

A recent nationwide Danish study suggested that SSc is a major cardiovas-
cular risk factor for the composite endpoint of stroke, myocardial infarction
(MI), and cardiovascular death, as well as for all-cause mortality [37]. Another
recent investigation based on US Nationwide Inpatient Sample indicated that
hospitalized SSc patients with atherosclerotic CVD are 1.3 times more likely to
die compared to patients with SSc without atherosclerotic CVD [34]. The
Australian Scleroderma Cohort Study, including 850 SSc as well as 15,787
and 8802 individuals as controls from the National Health Survey and the
Australian Diabetes, Obesity, and Lifestyle Study, respectively, suggested that
there is a greater than threefold increased prevalence of coronary artery disease
defined as history of percutaneous coronary intervention, coronary artery by-
pass grafting, angina, or MI in SSc compared with the general population 15].
Interestingly enough, the findings were not associated with the presence of
traditional CVD risk factors most of which were less prevalent in SSc patients.
Similarly, a nationwide population-based prospective study found that SSc
patients had a 2.45-fold risk for developing acuteMI compared with the general
population independently of relevant risk factors [9, 18].

Moreover, Man et al. [17] reported that the incidence of MI and stroke in
patients with SSc was increased approximately 2-fold compared with healthy
controls. The associations did not change substantially after adjustment for
various CVD risk factors and after excluding patients with other autoimmune
diseases. In line with the previous findings, it was documented that patients
with SSc had an increased risk of MI and stroke in comparison to the general
population [25].

The majority of the studies mentioned above support an increased preva-
lence of atherosclerotic CAD among SSc patients, which constitutes a rather
novel observation. However, the aforementioned studies showed difference in
the prevalence of CAD, which probably reflects the great heterogeneity regard-
ing methodology, definition of cardiovascular events, patient sample, and
predefined outcomes. Consequently, there is a great need for large-scale well-
designed studies in order to evaluate the contribution of large-vessel disease to
high CVD morbidity and mortality in SSc patients.

Table 1 summarizes the comparative studies between SSc patients and
controls in view of CVD outcomes.

Micro- and macrovascular disease in SSc sclerosis: two sides of
the same coin?

In view of the recent developments and the better understanding of vascular
complications in SSc, a number of studies have attempted to investigate
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Table 1. Summary of comparative studies assessing the prevalence of CAD and the risk of CVD events in SSc compared to
general population

Study/Reference Country Patients
SSc/controls

Parameter
assessed

Assessment
tool

Outcome

[16] Australia 850 /8802 MI/Angina Previous
percutaneous
coronary
intervention,
coronary artery
bypass grafting

10.4% vs. 7.3% OR 3.2
95% CI (2.3–4.5)

[17] UK 865/8643 MI Primary care
database
records

Incidence rate 4.4% vs.
2.5% HR 1.8 95% CI
(1.1–3.1)

[18] Taiwan 1344/134 MI Population-based
study

Incidence rate 5.4 vs. 3.1
HR 2.5 95% CI
(1.6–3.8)

[22] Denmark 2778 /13,890 MI,
peripheral
vascular
disease,
PAH,

arrhythmias,
pericarditis

Population-based study

HR: 2.08; 95% CI,
1.65–2.64, HR:
5.73; 95% CI,
4.63–7.09,
HR:21.18; 95% CI,
14.73–30.45), HR:
8.78; 95% CI,
4.84–15.93, HR:
2.86; 95%CI,
2.43–3.37
respectively

[24] Hong
Kong

23/23 Coronary
artery

calcification CT coronary artery calcium
score ≥ 101

56.5% vs. 45.5%, OR
10.9 95% CI
(2.2–53.8)

[26] UK 1239/12,390 MI Incidence rate 13 vs. 3.1
HR 3.49 95% CI
(2.52–4.83)

[30] Sweden 111/105 MI, angina Population-based
study

11.7% vs. 3.8% OR 3.3
(1.1–10.6)

[31] USA 17/17 Coronary
artery

calcification Computed tomography

52.9% vs. 17.6%,
p = 0.03

[37] Denmark 1962/5,428,380 Composite of
CVD death,
MI, stroke

Population-based
study

Incident rate 23.1 vs. 8
HR 2.2 95% CI
(1.99–2.48), p G 0.001
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possible correlations between micro- and macrovascular dysfunction. Nailfold
videocapillaroscopy is an established, non-invasive, and reproducible method
for the assessment of microcirculation with expanding implications in the
assessment of SSc patients ranging from the diagnostic approach to the
follow-up and prognostic utility regarding internal organ complications [39,
40]. Non-invasive assessments of endothelial function including pulse wave
velocity (PWV) for the measurement of arterial stiffness, cIMT, and FMD are
validated, reliable techniques for the evaluation of vascular health [41]. Only a
handful of small studies have explored whether micro- and macrovascular
injury in SSc are interrelated. In a case-control study of 39 SSc Korean patients,
it was found that FMD levels did not differ significantly between the early/active
and late capillary groups, although PWV is found to be already elevated in SSc
patients with early NCV changes [42]. Another case-control study of 43 SSc
patients reported that FMD was already reduced in SSc patients with early
pattern, and that lower FMD values are found in patients with the late pattern
compared to those with active and early patterns [43]. cIMT was significantly
associated with the presence of avascular areas in a cohort of 115 SSc patients
[44]. A recent study of 37 consecutive SSc patients found a significant correla-
tion between Augmentation Index (AIx) and the average number of capillaries/
mm2 (r = − 0.34, p = 0.047) and between AIx and the capillaroscopic skin ulcer
risk index (CSURI) (r = 0.35, p = 0.44). This study suggests that microvascular
vasculopathy is associated with higher wave reflections, indicating an associa-
tion between atherosclerotic disease and microvascular injury in SSc patients
[45]. Collectively, these reports point towards a possible connection between
distinct aspects of vascular involvement in SSc, indicating significant correla-
tions between progressive microvasculopathy and parameters of atherosclerotic
macrovascular disease. Whether micro- and macrocirculation constitute differ-
ent forms of endothelial dysfunction in patients with SSc remains to be ad-
dressed in large, longitudinal studies.

Primary myocardial involvement in SSc

Cardiac involvement in SSc is usually asymptomatic, but when clinically ap-
parent, it is associated with poor prognosis [46]. Primary scleroderma heart
involvement (SHI)—in contrast to secondary SHI due to lung or kidney
involvement—is the result of myocardial fibrosis accompanied by disturbance
of coronary microcirculation due to functional and structural vascular damage
[47]. Observational data suggest that SHI is more common in the diffuse

Table 1. (Continued)

Study/Reference Country Patients
SSc/controls

Parameter
assessed

Assessment
tool

Outcome

[38] Australia 31/31 MI/Angina Hospitalizations 32.7% vs. 22.6% RR 1.7
95% CI (0.8–3.7)

CVD cardiovascular disease, CT computed tomography, MImyocardial infarction, PAH pulmonary arterial hypertension, SSc systemic sclerosis, UK
United Kingdom, USA Unites States of America, RR relative risk, CI confidence intervals, OR odds ratio, HR hazard ratio
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cutaneous form of the disease [48]. Regarding its association with scleroderma-
specific autoantibodies, SHI is associated with antibodies against Ku antigen
(anti-Ku) [49]; anti-histone antibodies [50] and anti-RNA polymerase antibod-
ies I, II, and III [51]; antibodies against topoisomerase I (anti-Scl70); and anti-
fibrillarin antibodies (anti-U3-RNP) [52].

Manifestations of cardiac involvement in SSc patients may involve all heart
sub-structures, leading to myocardial ischemia and hypertrophy, conduction
system abnormalities, pericardial effusion, and heart failure. The hallmark of
heart disease in SSc is myocardial fibrosis with patchy fibrotic deposits, equally
distributed throughout left and right ventricular myocardium [7]. Results from
previous studies suggest that a degree of myocardial perfusion abnormalities
may be reversible, whereas others remain unchanged leading to the hypothesis
of the coexistence of ischemic lesions accessible to reperfusion after small
coronary vasospasm and irreversible lesions (i.e., organic vessel disease and
myocardial fibrosis) [53–56]. Myocardial blood flow disturbances in SSc may
be the result of microvascular alterations, but not from the traditional athero-
sclerotic coronary disease. The “myocardial Raynaud’s phenomenon” (vaso-
spasm of the small coronary arteries and arterioles) is thought to be involved in
the development of structural vascular alterations resulting from the early
scleroderma-related ischemic myocardial changes with subsequent ischemia
reperfusion injury [48]. Subsequently, this phenomenon might be more rele-
vant in the preclinical phase of myocardial involvement, while in the course of
the disease, collagen deposition and damage of the coronary capillary bed
becomes more evident [57]. Another characteristic feature of myocardial in-
volvement is foci of contraction band necrosis in all parts of the myocardium,
including the immediate subendocardial area, usually spared in the atheroscle-
rotic disease [58, 59]. Contraction band necrosis along with severe fibrosis is
most frequent in primary SHI rather than secondary SHI [60, 61]. In an autopsy
study, MI was found in patients with normal coronary arteries [62]. Further-
more, hemosiderin myocardial deposits are not typically seen in SSc-related
myocardial pathology but are evident in the atherosclerotic process [48]. One of
the main characteristics of myocardial fibrosis is diastolic left ventricular dys-
function with well-preserved ejection fraction, and less frequently systolic dys-
function, which may be both asymptomatic [63]. Worsening of myocardial
function has been associated with several indices of disease progression, name-
ly, age, active digital ulcer, lung fibrosis, muscle weakness, and elevated CRP in
large cohort of 1451 SSc individuals [64]. In addition, renal crisis is usually
associated with considerable deterioration of heart function leading to heart
failure and pulmonary edema [65]. Pericardial disease is another cardiac man-
ifestation, symptomatic in a low percentage of patients [66]. Constrictive peri-
carditis can also be present. Clinical manifestation may be due to both con-
strictive pericarditis and restriction because ofmyocardial fibrosis. Other cardiac
manifestations, such as conduction abnormalities, are a consequence of con-
duction system fibrosis and rarely correlatedwithmyocardial involvement [48].

Table 2 describes the main pathognomonic features of myocardial involve-
ment in SSc.

Cardiac rhythm disturbances are common among patients with SSc, and 6%
of the cardiovascular mortality was secondary to the aforementioned according
to the 2010 EULAR Scleroderma Trial and Research group (EUSTAR) database
[9]. Arrhythmias are attributed mostly to myocardial fibrosis, and the
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consequent electrical instability is considered to play the key role in
arrhythmogenesis [67]. Different forms of atrial and ventricular arrhythmias
may occur [57]. Sudden cardiac death is more likely among SSc patients with
arrhythmias, especially ventricular, compared with the arrhythmia-free patients
in the Genetics versus Environment in Scleroderma Outcome Study (GENISOS)
cohort study [68]. A useful tool in the prediction of ventricular arrhythmias and
sudden cardiac death may be the measurement of certain parameters of the 12-
lead surface electrocardiogram, more specifically the prolongation of QT interval
and dispersion, but not yet part of the risk stratification in SSC [69]. Furthermore,
cardiovascular magnetic resonance offers considerable additional utility in SSc by
revealing cardiac involvement in early, asymptomatic diffuse SSc with normal
routine cardiac evaluation andmay allow the identification ofmyocardial edema
and fibrosis [70, 71]. To date, cardiovascular magnetic resonance is considered
the non-invasive gold standard for imagingmacroscopic myocardial fibrosis. Just
recently, Scleroderma Arrhythmia Clinical Utility Study (SAnCtUS), a
multicentre, longitudinal study including 150 SSc patients prospectively recruited
between 2010 and 2016, formed a score for the identification of patients at high
risk of ventricular rhythmdisturbances [72]. The SAnCtUS score is a four-category
scoring system based on T2 ratio in cardiovascular magnetic resonance and late
gadolinium enhancement, and increasing scores are associated with a greater
prevalence of most types of rhythm disturbances at baseline [72]. Surrogate
biochemical markers such as troponin and natriuretic peptides may also assist
in the identification of patients requiring diligent surveillance and/or
cardioprotective treatment [73]. Last but not least, electrophysiological studies
with 24 h recording and implantable loop recorder may constitute an additional
prognostic tool for the identification of patients at higher risk for arrhythmias
[74]. Taken all together, a composite of non-invasive electrophysiological studies,
serum cardiac biomarkers, and cardiac magnetic resonance could be utilized for
the diagnostic workout of SHI in this population.

Pulmonary arterial hypertension

SSc-PAH is one of the most devastating complications of SSc affecting about 8
to 15% of patients [75, 76], while SSc is the most frequent cause of PAH
associated with connective tissue disease [77]. According to the 6th World
Symposium on Pulmonary Hypertension Task Force, the new hemodynamic
definition of PAH includes a mean pulmonary arterial pressure (mPAP) 9
20 mmHg, a pulmonary artery wedge pressure (PAWP) G 15 mmHg, and a

Table 2. Pathognomonic features of myocardial involvement

• “Patchy” distribution of myocardial fibrosis

• Myocardial blood flow disturbances

• Foci of contraction band necrosis (immediate subendocardial area)

• Hemosiderin myocardial deposits

• Concentric intimal hypertrophy
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pulmonary vascular resistance (PVR) ≥ 3 Wood Units [78]. Common patho-
physiologic mechanisms encompass cell hyperproliferation and vasoconstric-
tion, smooth muscle cell hypertrophy, intimal fibrosis, and microthrombosis,
all of which lead to a progressive remodeling of small- and medium-sized
pulmonary arterioles that results in obstructive pulmonary arteriopathy typi-
cally occurred in PAH [71, 79].

PAH is one of the leading causes of death in SSc patients and an independent
predictor of mortality [80]. Despite recent therapeutic advances, survival remains
poor and is worse compared to idiopathic PAH or PAH associated with congen-
ital heart disease [81–83]. The REVEAL Registry reported 3-year survival rates
among 344 prevalent and 166 incident SSc-PAHpatients to be 61.4%± 2.7%and
51.2%± 4.0%, respectively [84]. The PHAROS Registry reported better survival in
160 incident SSc-PAH patients with 1-, 3-, 5-, and 8-year cumulative survival rates
of 95%, 75%, 63%, and 49%, respectively [85]. Male gender, older age at
diagnosis of SSc, diffuse SSc, increased PVR and mean right atrial pressure, short
6-min walk distance, and low diffusion lung capacity are some independent
predictors of mortality in SSc-PAH [80, 84, 85]. The coexistence of pulmonary
fibrosis and PAH results in dramatic deterioration of outcomes and survival [86].

Early diagnosis of PAH in SSc patients is challenging but also essential as
early targeted PAH pharmacotherapy results in better long-term outcomes.
Non-specific clinical manifestations such as dyspnea, fatigue, and exercise
intolerance often lead to a delayed diagnosis for more than 2 years from
symptom onset. In addition, pulmonary hypertension in SSc may be attributed
to other causes, such as left heart disease, interstitial lung disease, or chronic
thromboembolic pulmonary hypertension, which should be ruled out follow-
ing a diagnostic algorithm proposed by the European Society of Cardiology/
European Respiratory Society (ESC/ERS) guidelines [87]. A high index of clin-
ical suspicion is required for further diagnostic work up in these patients. Right
heart catheterization is the gold standard procedure for the diagnosis of PAH.
According to ESC/ERS guidelines, symptomatic SSc patients must undergo right
heart catheterization if transthoracic echocardiography reveals a tricuspid regur-
gitation velocitymore than 2.8 m/s, or in case of a lower tricuspid regurgitation,
velocity along with other echocardiographic signs that suggest intermediate or
high probability for PAH [87].

Several screening tests have been also proposed for the early detection of
PAH considering the high prevalence and mortality among SSc patients [88].
For asymptomatic patients with uncorrected diffusion lung capacity G 80% of
predicted value, annual screening should be considered. Both the ESC/ERS and
American Heart Association (AHA) guidelines recommend initial screening
upon SSc diagnosis by echocardiography [87, 89]. The DETECT algorithm uses
a combination of clinical, laboratory, electrocardiographic, and pulmonary
function parameters for initial screening, with subsequent transthoracic echo-
cardiogram if the patients are considered as high risk [90]. The Australian
Scleroderma Interest Group (ASIG) algorithm incorporates NT-proBNP and
pulmonary function tests for initial screening with subsequent transthoracic
echocardiogram if initial screening is positive [91]. If any of these tests are
positive, then right heart catheterization should be performed to confirm or
rule out PAH. In addition, the progression from an early to an active or late
scleroderma pattern on NVC is also a predictor for the development of PAH in
SSc [91, 92].
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Pulmonary arterial vasodilator therapies have dramatically reducedmorbid-
ity and mortality and improved quality of life among patients with PAH [93].
PAH-specific treatments include four classes of medications which are
endothelin-receptor antagonists, prostacyclin analogs, phosphodiesterase-5 in-
hibitors, and guanylate cyclase stimulators, which are largely extrapolated from
idiopathic PAH clinical trials due to the smaller number of patients with SSc-
PAH. Current proposed management is treating newly diagnosed, therapy-
naive SSc-PAH patients with an upfront combination of two oral medications
[94]. The application of the available risk stratification algorithms both at
diagnosis and during follow-up is mandatory for the estimation of 1-year
mortality risk in SSc-PAH patients in order to guide possible intensification of
targeted treatment using a triple combination therapy for patients at high risk
[94–96].

Management of CVD risk in SSc

Themanagement of CVD risk in SSc patients is demanding and ideally needs to
be based on principles and practical steps that clinicians should follow. As in
other systemic disorders, the interplay between systemic inflammation, auto-
immunity, classical CVD factors enhanced by disease-specific vasculopathy and
fibrosis of visceral organs poses a number of difficulties in both assessment and
management of CVD risk. The optimal control of the various aspects of the
disease with vasodilators, immunosuppressants, and more recently antifibrotic
drugs may contribute to the improvement of myocardial function and the
reduction of atherosclerotic disease burden [97]. For example, EUSTAR data-
base analysis concluded that treatment with calcium channels
blockers—routinely administrated for Raynaud’s phenomenon—may also play
a protective role against the development of left ventricular dysfunction [98]. In
addition, vasoactive agents prescribed for the treatment of SSc-PAH may also
improve overall myocardial performance in SSc with beneficial effects on
cardiac function [99]. On the other hand, intensive immunosuppressive treat-
ment such as intravenous steroids and/or cyclophosphamide could halt inflam-
matory process in cardiac tissue defined as myocarditis and/or myocardial
edema in cardiac magnetic resonance–based studies [100, 101] (Table 3).

Table 3. Brief description of pharmaceutical management for SSc cardiac complications

Type of heart involvement Therapeutic interventions
Heart failure Calcium channels blockers

Systolic dysfunction Angiotensin II receptor blocker

Diastolic dysfunction b-blockers (avoid in patients with severe Raynaud)

Coronary artery disease Aspirin, statins, antihypertensives

Pericarditis Steroids, colchicine

Arrhythmias Anti-arrhythmic, radiofrequency ablation, implantable cardioverter defibrillator, pacemaker

Pulmonary arterial hypertension Endothelin-1 inhibitors, prostanoids, phosphodiesterase type 5 inhibitor

Myocardial fibrosis and edema Steroids, cyclophosphamide
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Regular screening for CVD risk factors is essential and initiation of antihy-
pertensives or lipid lowering agents should follow guidelines for general pop-
ulation. Last but not least, the complexity of disease mandates the cooperation
across a wide spectrum of medical specialties including not only rheumatolo-
gists and cardiologists but also a number of experts in CVD imaging as well as
allied health professionals as necessary for each patient needs.

Conclusions

CVD is a frequent complication of autoimmune diseases such as systemic lupus
erythematosus and rheumatoid arthritis. In the last few years, a number of
studies suggest that patients with SSc may develop atherosclerotic alterations
more often compared to the healthy individuals. The mechanisms promoting
macrovascular disease in SSc are not fully understood. There are insufficient
data to support the contribution of traditional risk factors to the onset and
progression of atherosclerosis per se, and it is postulated that macrovascular
involvement in SSc is rather secondary to disease-related factors, such as in-
flammation, endothelial wall damage, and autoimmunity. Based on small-
scale studies, there is a correlation between progressive microvasculopathy
and parameters of atherosclerotic macrovascular disease, indicating that
micro- and macrocirculation may constitute different sides of the same coin.
Thus, the management of CVD risk in SSc is highly essential. Ideally, the use of
vasodilators, immunosuppressants, and more recently antifibrotic drugs may
contribute to the improvement of myocardial function and the reduction of
atherosclerotic disease burden. Last but not least, large-scale and well-organized
studies aremandatory in order to have a better understanding of the underlying
mechanisms leading to large-vessel involvement and CVD in SSc.
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