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Abstract: Cardiac disease is a leading cause of death in systemic sclerosis (SSc) and sudden cardiac
death (SCD) is thought to occur more commonly in SSc than in the general population. Diffuse
myocardial fibrosis, myocarditis and ischaemic heart disease are all prevalent in SSc and can be
reasonably hypothesised to contribute to an increased risk of SCD. Despite this, SCD remains
a relatively understudied area of SSc with little understood about SSc-specific risk factors and
opportunities for primary prevention. In this review, we present an overview of the possible
mechanisms of SCD in SSc and our current understanding of how each of these mechanisms may
contribute to cardiac death. This review highlights the need for a future research agenda that
addresses the underlying epidemiology of SCD in SSc and identifies opportunities for intervention to
modify the disease course of heart disease in SSc.

Keywords: systemic sclerosis (scleroderma); heart disease; cardiac; sudden cardiac death; arrhythmia

1. Introduction

Systemic sclerosis (SSc) is a rare multi-system autoimmune disease with significant
cardiac complications. The most common cardiac involvement is pulmonary arterial hy-
pertension (PAH) and secondary right heart failure, which affects up to 15% of patients
with SSc [1]. However, SSc has direct effects on the heart itself and primary SSc-associated
heart involvement (SHI) is documented to affect all structures of the heart [2]. The ae-
tiopathogenesis of SHI remains incompletely understood, with microvascular changes,
inflammatory infiltrates and both interstitial and replacement fibrosis all observed in af-
fected hearts [3,4]. Cardiac disease is a leading cause of death in SSc [5] but the nature of
cardiac death remains poorly understood. Once clinically apparent with either heart failure
or arrhythmia, SHI portends a very poor prognosis with a 60% survival rate three years
from diagnosis [6]. In the largest SSc cohort study of over 5000 patients, SSc-myocardial
disease accounted for 14% of overall deaths and non-SSc associated cardiovascular disease
caused a further 12% of deaths [7]. The risk of death from SSc, and in particular heart
disease in SSc, has remained largely unchanged for over 40 years [5]. This includes the risk
of sudden cardiac death (SCD) which is reported to occur in up to 9% of individuals with
SSc, [8–15] increasing to 67% in patients with clinically overt SHI [10].

The World Health Organisation defines SCD as a natural and unexpected death of
cardiac cause within 1 h of the symptom onset or within 24 h of a person being last seen
alive and well, in the case of an unwitnessed death [16]. Sudden cardiac arrest or SCD is the
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first presentation of cardiac disease in 50% of cases [17] and survival is low, with only 10%
of patients with sudden cardiac arrest surviving to hospital discharge [18]. SCD accounts
for almost half of all deaths from cardiovascular disease, with the largest proportion of SCD
the result of ischaemic heart disease (IHD) [19,20]. Differences exist in the causes of SCD
across the lifespan, with myocarditis and unexplained death more commonly observed in
young populations, compared to coronary artery disease being the predominant cause in
individuals over the age of 50 (see Figure 1) [21,22]. Importantly, individual risk prediction
remains poor with most individuals who experience SCD not being identified as high risk
prior to their arrest [20,23,24].
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Figure 1. Causes of sudden cardiac death in the general population. Causes of sudden cardiac death
highlighted in green reflect causes of sudden cardiac death seen most commonly in individuals aged
<35 years.

There have been no comprehensive population-based studies to define the epidemiol-
ogy of SCD in SSc. The nature of SCD in SSc is not understood; it is unknown whether the
direct effects of SSc on the myocardium or co-morbidities such as coronary artery disease
account for sudden deaths of individuals with SSc. With consideration to what is under-
stood of the underlying histopathological changes observed in SHI, Figure 2 summarises
the potential mechanisms by which patients with SSc may be at increased risk of SCD.
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Figure 2. Potential mechanisms of sudden cardiac death in systemic sclerosis. Abbreviations: SSc: systemic sclerosis.

In this article, we discuss the rationale and various mechanisms by which patients
with SSc are at increased risk for SCD. In the absence of direct evidence for the effective
treatment of SHI and disease-specific management of heart failure and arrhythmias in SSc,
we propose a pragmatic approach to the risk assessment of patients with SSc and a research
agenda to better understand the risk and primary prevention of SCD in SSc.

2. Coronary Artery Disease

Autoimmune inflammatory diseases are associated with an increased risk of coronary
artery disease, hypothesised to be the result of chronic inflammation leading to accelerated
atherosclerosis [25–27]. Unlike other autoimmune diseases, chronic inflammation is a
less prominent feature of SSc, but the progression of the disease is characterised by an
obliterative small vessel vasculopathy [28]. Important internal organ manifestations such
as scleroderma renal crisis and PAH are a result of this small vessel vasculopathy. Microvas-
cular manifestations of SSc have an unknown impact on the development of macrovascular
disease and cardiovascular events. Endothelial dysfunction is common to the pathogenesis
of SSc and atherosclerosis; therefore, the vasculopathy of SSc is hypothesised to accelerate
atherosclerotic disease [29]. Early autopsy studies have demonstrated small coronary
vessel vasculopathy with concentric intimal hypertrophy and cellular intimal proliferation
in the absence of coronary artery atherosclerosis in patients with ante-mortem evidence
of cardiac ischaemia [3–5,30,31]. In vivo, angina and clinical ischaemic heart disease in
the absence of atherosclerotic coronary artery disease [32], and a subendocardial scar on
cardiac magnetic resonance imaging (CMR) studies with normal coronary angiography
have been observed [15,33,34].

Population-based studies have established that IHD is manifest more frequently
in SSc compared to controls and IHD comorbidity with SSc is associated with poorer
overall survival [29,35]. Whether this increased risk is due to microvascular dysfunction or
accelerated atherosclerosis is unknown as no study has evaluated coronary angiography
findings in SSc compared to non-SSc controls. A time-based risk assessment of IHD
in SSc has indicated that patients are at the highest risk of acute myocardial infarction
(AMI) within the first year of SSc diagnosis, with risk attenuating somewhat over time [36].
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Microvasculopathy can be clinically prominent from early in the disease course and coupled
with an inflammatory early phase of disease may explain this early excess risk of AMI.
Non-invasive measures of atherosclerosis such as intimal media thickness and coronary
calcium scores are elevated in asymptomatic SSc patients [37–39]. However, these scores
were developed in non-SSc populations and have not been validated for SSc presenting
difficulties in interpreting results according to current guidelines. Notably, autopsy studies
have not found an increased rate of macrovascular coronary artery disease in SSc [3–5].

Given the increased frequency of IHD observed in the SSc population, it is reasonable
to presume that a significant proportion of unexpected cardiac deaths may be due to IHD.
Of high clinical importance, it is essential to understand whether atherosclerotic coronary
artery disease is the underlying mechanism of death or whether the increased rates of
IHD in SSc are driven by microvascular disease meaning that the SSc population has
disease-specific causes of SCD.

3. Impaired Cardiac Function and Heart Failure

SCD is a frequent cause of death for patients with heart failure with reduced ejection
fraction (HFrEF), however rates have reduced with optimization of medical therapy, cardiac
resynchronisation therapy and use of implantable cardioverter-defibrillators (ICD) [40,41].
The cumulative risk of SCD in HFrEF is estimated to be 8.8% at 3-years in the modern
treatment era [41]. Individual risk prediction tools for SCD in HFrEF remain limited, with
an ongoing reliance on left ventricular ejection fraction (LVEF) to stratify patients into high
and low risk categories [41]. Other risk factors for SCD in HFrEF are older age, male sex,
lower systolic blood pressure, more severe symptoms, ischaemic cardiomyopathy and
history of AMI, diabetes, elevated N-terminal pro B-type natriuretic peptide and renal
dysfunction [41]. Notably, patients with HFrEF and SCD are less likely to be prescribed
beta blocker therapy [41], which is a treatment that is often used cautiously in SSc due to
concern about exacerbating Raynaud’s phenomenon and peripheral vascular complications
of SSc.

HFrEF remains a feared manifestation of SHI with a cumulative survival of only 50%
at 5-years [6]. Registry data suggest that reduced LVEF occurs in 5% of patients, [42]
however this may underestimate the prevalence as registries have inherent survivor bias
and 50% of patients who develop severe heart involvement do so within 3-years of SSc
onset [6]. In addition to SHI itself, cardiac abnormalities including acute heart failure
and severe pericardial disease can be triggered by scleroderma renal crisis [43]. SHI in
combination with severe skin involvement has a particularly poor prognosis [44] and a
high risk of SCD has been observed in patients with co-morbid skeletal myositis and heart
failure [10]. The effects of cardiac function on survival in SSc are further re-enforced by the
observation that more subtle measures of ventricular function such as global longitudinal
strain are associated with mortality [45].

Diastolic dysfunction is observed more commonly in SSc than HFrEF and thought to
be a result of myocardial fibrosis [46]. An increasing incidence of left ventricular diastolic
dysfunction is observed throughout the SSc disease course and appears to independently
predict increased mortality [47]. No direct relationship between diastolic dysfunction and
risk of SCD in SSc has been reported.

Non-invasive diagnostic modalities such as CMR offer sensitive ways to detect my-
ocardial fibrosis, the histopathological hallmark of SHI [3,4]. It is increasingly appreciated
that there is a significant burden of myocardial fibrosis in SSc that is not manifest by either
diastolic or systolic cardiac dysfunction [15,48,49]. CMR measures of both focal and diffuse
myocardial fibrosis have been shown to predict the development of heart failure and
arrhythmia, and a large burden of fibrosis is associated with increased mortality [14,15,50].
The prevalence of myocardial fibrosis is much greater than that of systolic dysfunction
and reduced LVEF in SSc, despite the observed link between fibrosis and impaired cardiac
function [50]. Specific cardiac predictors of those patients with myocardial fibrosis who will
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go on to develop HFrEF are unknown and as such there are insufficient data to recommend
the routine use of CMR as a screening investigation for SHI.

4. Myocarditis

Overt myocarditis is infrequently reported in SSc, but when present may cause severe
cardiac symptoms and is frequently associated with intractable heart failure and death [2].
However, silent myocarditis can be more frequently observed on CMR [51] and imaging
studies of patients with cardiac symptoms, but no clinical myocarditis, show those with
symptoms such as palpitations are more likely to have evidence of myocardial inflamma-
tion [52]. T2 mapping times, measuring diffuse myocardial inflammation, have consistently
been shown to be elevated in SSc compared to healthy controls and are not associated with
a measurable systemic inflammatory response or serum troponin levels [15,51]. A scoring
system based upon CMR T2 ratio and percentage burden of late gadolinium enhancement
has recently been proposed as a predictive tool to identify patients at heightened risk of
future ventricular rhythm disturbance, [12] highlighting that even subclinical myocardial
inflammation places SSc patients at increased risk of arrhythmia.

The risk of SCD appears to be significantly elevated in those with clinical evidence of my-
ocarditis, with SCD or appropriate ICD discharge observed in up to 67% of patients [10,33,34].
As for the general population, when cardiac arrest occurs in patients with SSc-myocarditis,
it is most commonly preceded by ventricular tachycardia or ventricular fibrillation [33,53].
Interestingly, fibrosis can be the most prominent histopathological finding on biopsy when
myocarditis is suspected clinically and an increased risk of death has been observed with
an increasing burden of fibrosis [10,33,53].

5. Arrhythmias

The exact physiological mechanisms linking SHI to arrhythmia are yet to be fully
elucidated, with inconsistent reports of direct fibrotic infiltration of the conducting system
itself as well as prominent areas of replacement and interstitial fibrosis throughout the
myocardium thought to contribute a pathological substrate from which arrhythmias can
arise [3,4,30,54,55]. Chronic ischaemia and inflammation likely also contribute to myocar-
dial irritability in SSc. It is notable that observational data have shown that patients who
receive vasodilator therapy with calcium channel antagonists appear to be at decreased
risk of developing left ventricular systolic dysfunction and arrhythmia [13,42]. Whilst elec-
trocardiogram (ECG) changes are associated with changes in cardiac function measurable
by echocardiography, [56,57] left ventricular function is a poor predictor of the presence of
arrhythmia as many patients with arrhythmias have preserved ventricular function [58].

Severe arrhythmic complications of SSc remain amongst the most feared disease
manifestations but are fortunately a less common presentation of disease. Yet, despite their
relative infrequency, arrhythmias account for a disproportionate number of SSc-associated
deaths [7]. Non-specific arrhythmic and conduction abnormalities are detectable in 50% of
SSc patients on resting ECG, and more frequently than other autoimmune conditions [56,58].
Yet, individual risk prediction for the progression to malignant arrhythmia remains limited
and sudden cardiac arrest or death continues to be a first presentation of severe arrhythmic
disease in SSc [59]. Both atrial and ventricular arrhythmias arise throughout the disease
course, with patients remaining at risk of arrhythmic disease for the duration of SSc,
with the exception perhaps of ventricular tachycardia which has been more frequently
observed in young patients with shorter disease duration [56,60]. Consistently, a higher
burden of ventricular ectopic beats has been associated with increased mortality [53]. Early
publications of Holter monitor studies in SSc demonstrated a 6.2 fold increased risk of
death if patients recorded > 1000 ventricular ectopic beats per 24 h period, [9] a finding
that has remained unchanged over recent decades [8]. Prolonged QT interval is commonly
reported in SSc, with a prevalence of 11–24.8% of patients [8,61]. QT prolongation is
a hypothesised consequence of myocardial fibrosis and resultant disturbed ventricular
repolarisation. Abnormalities of the QT interval can lead to a propensity to develop
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ventricular tachycardia and SCD [62]. In SSc, prolonged QT interval has been linked to
features of more severe SSc [61,63,64] but whether QT interval can predict those patients
who will go on to develop ventricular tachycardia or SCD is unknown.

Dysfunction of the autonomic nervous system can trigger ventricular arrhythmia
and is associated with a five-fold increased risk of cardiovascular mortality and increased
risk of SCD [65]. Autonomic dysfunction has been considered part of the spectrum of
SHI [2]. A number of small studies have shown that impaired heart rate variability and
turbulence, loss of circadian heart rhythm and impaired heart rate recovery after exercise
can be commonly detected in SSc, from early in the disease course [66–71]. More recently,
it was suggested that reduced heart rate variability in SSc is associated with impaired left
ventricular strain [72]. Longitudinal data evaluating the prognostic importance of cardiac
autonomic dysfunction is absent and given the unexpected nature of SCD, there is very
little reporting of measures of autonomic dysfunction when such deaths occur. Reports
of two sudden deaths following evaluation in one study found that these patients had
markedly depressed circadian and heart rate variability and lower RR interval [70].

Rhythm abnormalities are treated empirically in SSc, with an absence of robust
evidence-base for disease-specific treatments. Progressive cardiac disease is observed
despite treatment with vasoactive, heart failure and anti-arrhythmic therapies. There are
rare reports of successful treatment of sustained ventricular tachycardia with catheter
ablation [73–76] and case series of successful ICD insertion with appropriate discharge and
prevention of potential sudden cardiac arrest [77–80]. However, there are no SSc-specific
guidelines for primary prevention of SCD in SSc with ICD.

6. Pulmonary Arterial Hypertension

Up to 15% of patients with SSc will be diagnosed with PAH over the course of their
illness, with an increasing cumulative incidence associated with increasing disease du-
ration [1]. Most deaths due to PAH are attributable to progressive right heart failure,
with SCD the second commonest cause of death in PAH patients generally [81]. Little
is known about the nature of SCD in PAH; ventricular arrhythmias are less commonly
seen in patients with PAH compared to those with advanced left heart disease and other
proposed mechanisms of SCD in PAH are compression of the left main coronary artery
and pulmonary artery rupture or dissection [81–83]. Bradycardia and electromechanical
dissociation were the two most commonly reported ECG findings in patients with PAH
at the time of cardiopulmonary arrest, and are thought to portend poor prognosis in this
patient group [83]. Supraventricular arrhythmias are increasingly recognised as a contribu-
tor to morbidity and mortality in PAH and commonly precipitate clinical decompensation.
The incidence of supraventricular arrhythmias in PAH and the clinical association with
important outcomes such as SCD remain relatively unexplored [81]. There is an absence of
evidence to guide clinical practice in relation to screening for either atrial or ventricular
arrhythmias in PAH, and no data to show any benefit from ICD insertion to prevent of
SCD in PAH. The mainstay of PAH therapy is pulmonary vasodilator therapy, which has
markedly reduced both mortality and requirement for heart-lung transplantation [84,85].

7. Valvular Heart Disease

It is hypothesised that there is an increased frequency of valvular heart disease due to
the effects of SSc itself; however, it remains unclear whether the observed increased rates
of aortic and mitral valve disease seen in population-based studies [86] are attributable to
the increased frequency of screening echocardiograms performed as part of routine SSc
care. Case-control studies have suggested an increased frequency of moderate to severe
aortic and mitral valvular disease in SSc [87,88]. However, valvular heart disease has not
been linked with increased mortality [87] and how valvular pathology may impact SCD
risk in SSc is unstudied.
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8. Predicting Risk of Sudden Cardiac Death in Systemic Sclerosis

There is no simple way to predict SCD in the general population, and therefore by
extension in a population of SSc patients. The correct identification of all who are at risk of
SCD has previously been described in European Society of Cardiology guidelines as ‘the
philosopher’s stone of modern cardiology’ [89]. The nature of SCD is such that there will
be some high-risk individuals who can be correctly identified as a result of clinical assess-
ment and targeted imaging. Certain SSc disease features have been identified as placing
individuals at increased risk of heart involvement and severe arrhythmia (see Table 1).

Table 1. High risk features for systemic sclerosis heart involvement and severe heart involvement.

SSc Specific Risk Factors
for Heart Involvement

High Risk Clinical Features
for Severe Heart Involvement

• Male sex • New unexplained breathlessness

• Older age at SSc onset • Chest pain

• Recently diagnosed SSc • Palpitations

• Diffuse skin thickening, rapidly progressive skin thickening • Syncope or pre-syncope

• Scl70 positive, U3RNP positive • Unexplained elevated troponin or BNP

• Inflammatory myositis • LVEF <50%

• Inflammatory arthritis
• Tendon friction rubs • Multifocal PVC or VE >1000 beats per 24 h

Abbreviations: BNP: B-type natriuretic peptide; LVEF: left ventricular ejection fraction; PVC: polymorphic ventricular contraction; Scl70:
anti-topoisomerase I antibody; SSc: systemic sclerosis; VE: ventricular ectopic.

Annual cardiopulmonary assessment is recommended as part of routine clinical care
for patients with SSc [90]. Abnormalities detected by screening echocardiography and
pulmonary function tests initiate further evaluation with second line investigations such as
right heart catheterisation, CT chest and possible CMR (see Figure 3). Standardised asymp-
tomatic testing that occurs as part of the routine management of SSc, as well as frequent
contact with treating physicians, may create opportunities for the incidental identification
of high-risk clinical features. Initial steps towards more sophisticated risk stratification
of SSc patients have been made with the development of the Scleroderma Arrhythmia
Clinical Utility Study (SAnCtUS) score, a four-category scoring system based on CMR
findings to predict those patients at highest risk of ventricular rhythm disturbance [12]. In
this particular study, patients with ≥4.6% burden of late gadolinium enhancement were
found to have the greatest likelihood of having ventricular rhythm changes. These findings
highlight the future role that more advanced imaging modalities such as CMR might play
to inform our prognostication of SCD risk [91].
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Figure 3. Cardiac evaluation of patients with systemic sclerosis. Abbreviations: DLCO: diffusing capacity of the lung for
carbon monoxide; EF: ejection fraction; LV: left ventricle; MRI: magnetic resonance imaging; NYHA: New York Heart
Association; SCD: sudden cardiac death; RVSP: right ventricular systolic pressure; SSc: systemic sclerosis.

9. How Can Sudden Cardiac Death in SSc Be Prevented in the Future?

SHI is multifaceted, with vascular, fibrotic and inflammatory manifestations that can
be reasonably theorised to contribute to an increased risk of SCD in SSc. However, the
nature and exact risk of SCD in SSc remain undescribed. Knowledge gaps exist in sudden
cardiac arrest and SCD research in general due to regulatory and study feasibility issues
as well as the inherent nature of SCD itself [92]. To understand how SCD in SSc may be
prevented in the future, more detailed studies are required both to quantify the burden of
SCD and to describe the nature of SCD in SSc. Before risk factors are identified and targeted
primary prevention strategies are developed, it needs to be understood if SCD in SSc is
due to the disease itself or cardiac co-morbidities thought to more commonly co-exist with
SSc. SHI is an uncommon manifestation of a rare disease; therefore, collaborative research
efforts are crucial to gain insights and trial potential therapies and primary prevention
strategies. These steps are essential to address the significant knowledge gaps in SSc and
move towards preventing this catastrophic clinical event.
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Abbreviations

AMI Acute myocardial infarction
CMR Cardiac magnetic resonance imaging
CT Computed tomography
ECG Electrocardiogram
HFrEF Heart failure with reduced ejection fraction
ICD Implantable cardioverter-defibrillator
IHD Ischaemic heart disease
LVEF Left ventricular ejection fraction
PAH Pulmonary arterial hypertension
SAnCtUS Scleroderma Arrhythmia Clinical Utility Study
SCD Sudden cardiac death
SHI Systemic sclerosis heart involvement
SSc Systemic sclerosis

References
1. Denton, C.P.; Khanna, D. Systemic sclerosis. Lancet 2017, 390, 1685–1699. [CrossRef]
2. Ross, L.; Prior, D.; Proudman, S.; Vacca, A.; Baron, M.; Nikpour, M. Defining primary systemic sclerosis heart involvement: A

scoping literature review. Semin. Arthritis Rheum. 2019, 48, 874–887. [CrossRef]
3. Bulkley, B.H.; Ridolfi, R.L.; Salyer, W.R.; Hutchins, G.M. Myocardial lesions of progressive systemic sclerosis a cause of cardiac

dysfunction. Circulation 1976, 53, 483–490. [CrossRef] [PubMed]
4. D’Angelo, W.; Fries, J.F.; Masi, A.T.; Shulman, L.E. Pathologic observations in systemic sclerosis (scleroderma) a study of fifty-eight

autopsy cases and fifty-eight matched controls. Am. J. Med. 1969, 46, 428–440. [CrossRef]
5. Elhai, M.; Meune, C.; Avouac, J.; Kahan, A.; Allanore, Y. Trends in mortality in patients with systemic sclerosis over 40 years: A

systematic review and meta-analysis of cohort studies. Rheumatology 2012, 51, 1017–1026. [CrossRef]
6. Steen, V.; Medsger, T.A. Severe organ involvement in systemic sclerosis with diffuse scleroderma. Arthritis Rheum. 2000, 43,

2437–2444. [CrossRef]
7. Tyndall, A.J.; Bannert, B.; Vonk, M.; Airo, P.; Cozzi, F.; Carreira, P.E.; Bancel, D.F.; Allanore, Y.; Muller-Ladner, U.; Distler, O.; et al.

Causes and risk factors for death in systemic sclerosis: A study from the EULAR Scleroderma Trials and Research (EUSTAR)
database. Ann. Rheum. Dis. 2010, 69, 1809–1815. [CrossRef]

8. De Luca, G.; Bosello, S.L.; Gabrielli, F.A.; Berardi, G.; Parisis, F.; Rucco, M.; Canestrari, G.; Loperfido, F.; Galiuto, L.; Crea, F.; et al.
Prognostic role of ventricular ectopic beats in systemic sclerosis: A prospective cohort study shows ECG indexes predicting the
worse outcome. PLoS ONE 2016, 11, e0153012.

9. Kostis, J.B.; Seibold, J.; Turkevich, D.; Masi, A.T.; Grau, R.G.; Medsger, T.A.; Steen, V.; Clements, P.; Szydlo, L.; D’Angelo, W.A.
Prognostic importance of cardiac arrhythmias in systemic sclerosis. Am. J. Med. 1988, 84, 1007–1015. [CrossRef]

10. Follansbee, W.P.; Zerbe, T.R.; Medsger, T.A., Jr. Cardiac and skeletal muscle disease in systemic sclerosis (scleroderma): A high
risk association. Am. Heart J. 1993, 125, 194–203. [CrossRef]

11. Rodriguez-Reyna, T.S.; Rosales-Uvera, S.G.; Kimura-Hayama, E.; Hernandez-Reyes, P.; Mercado-Velazquez, P.; Benavides-Suarez,
S.A.; Esquinca-Gonzalez, A.; Nunez-Alvarez, C.A. Myocardial fibrosis detected by magnetic resonance imaging, elevated U-CRP
and higher mRSS are predictors of cardiovascular complications in systemic sclerosis (SSc) patients. Semin. Arthritis Rheum. 2019,
49, 273–278. [CrossRef]

12. Mavrogeni, S.; Gargani, L.; Pepe, A.; Monti, L.; Maarkousis-Mavrogenis, G.; De Santis, M.; Marchi, D.; Koutsogeorgopoulou,
L.; Karabela, G.; Stavropoulos, E.; et al. Cardiac magnetic resonance predicts ventricular arrhythmias in scleroderma: The
Scleroderma Arrhythmia Clinical Utility Study (SAnCtUS). Rheumatology 2020, 59, 1938–1948. [CrossRef]

13. Valentini, G.; Huscher, D.; Riccardi, A.; Fasano, S.; Irace, R.; Messiniti, V.; Matucci-Cerinic, M.; Guiducci, S.; Distler, O.; Maurer, B.;
et al. Vasodilators and low-dose acetylsalicylic acid are associated with a lower incidence of distinct primary myocardial disease
manifestations in systemic sclerosis: Results of the DeSScipher inception cohort study. Ann. Rheum. Dis. 2019, 78, 1576–1582.
[CrossRef]

14. Terrier, B.; Dechartres, A.; Gouya, H.; Ben Arfi, M.; Berezne, A.; Regent, A.; Dunogue, B.; London, J.; Cohen, P.; Guillevin, L.; et al.
Cardiac intravoxel incoherent motion diffusion-weighted magnetic resonance imaging with T1 mapping to assess myocardial
perfusion and fibrosis in systemic sclerosis: Association with cardiac events from a prospective cohort study. Arthritis Rheum.
2020, 72, 1571–1580. [CrossRef]

15. Bordonaro, V.; Bivort, D.; Dresselaers, T.; De Langhe, E.; Bogaert, J.; Symons, R. Myocardial T1 mapping and extracellular volume
quantification as novel biomarkers in risk stratification of patients with systemic sclerosis. Clin. Radiol. 2021, 76, 162.e1–162.e8.
[CrossRef] [PubMed]

16. Paratz, E.R.L.; van Heusden, A.; Zentner, D.; Parsons, S.; Morgan, N.; Thompson, T.; James, P.; Pflaumer, A.; Semsarian, C.;
Ingles, J.; et al. The End Unexplained Cardiac Death (EndUCD) registry for young Australian sudden cardiac arrest Heart Lung.
Circulation 2020, 30, 714–720.

http://doi.org/10.1016/S0140-6736(17)30933-9
http://doi.org/10.1016/j.semarthrit.2018.07.008
http://doi.org/10.1161/01.CIR.53.3.483
http://www.ncbi.nlm.nih.gov/pubmed/1248080
http://doi.org/10.1016/0002-9343(69)90044-8
http://doi.org/10.1093/rheumatology/ker269
http://doi.org/10.1002/1529-0131(200011)43:11&lt;2437::AID-ANR10&gt;3.0.CO;2-U
http://doi.org/10.1136/ard.2009.114264
http://doi.org/10.1016/0002-9343(88)90305-1
http://doi.org/10.1016/0002-8703(93)90075-K
http://doi.org/10.1016/j.semarthrit.2019.02.005
http://doi.org/10.1093/rheumatology/kez494
http://doi.org/10.1136/annrheumdis-2019-215486
http://doi.org/10.1002/art.41308
http://doi.org/10.1016/j.crad.2020.09.023
http://www.ncbi.nlm.nih.gov/pubmed/33109349


Diagnostics 2021, 11, 1781 10 of 13

17. Marijon, E.; Uy-Evanado, A.; Dumas, F.; Karam, N.; Reinier, K.; Teodorescu, C.; Narayanan, K.; Gunson, K.; Jui, J.; Jouven, X.;
et al. Warning symptoms are associated with survival from sudden cardiac arrest. Ann. Intern. Med. 2016, 164, 23–29. [CrossRef]

18. Ball, L.N.R.; Nair, R.; Sathish-Kumar, K. VACAR Annual Report 2019/2020; Ambulance Victoria: Melbourne, Australia, 2021.
19. Kuriachan, V.P.; Sumner, G.L.; Mitchell, L.B. Sudden cardiac death. Curr. Probl. Cardiol. 2015, 40, 133–200. [CrossRef]
20. Wong, C.X.; Brown, A.; Lau, D.H.; Chugh, S.S.; Albert, C.M.; Kalman, J.M.; Sanders, P. Epidemiology of sudden cardiac death:

Global and regional perspectives. Heart Lung Circ. 2019, 28, 6–14. [CrossRef]
21. Isbister, J.; Semsarian, C. Sudden cardiac death: An update. Intern. Med. J. 2019, 49, 826–833. [CrossRef]
22. Semsarian, C.; Ingles, J. Molecular autopsy in victims of inherited arrhythmias. J. Arrhythm. 2016, 32, 359–365. [CrossRef]
23. Myerburg, R.J. Sudden cardiac death: Interface between pathophysiology and epidemiology. Card. Electrophysiol. Clin. 2017, 9,

515–524. [CrossRef]
24. Morin, D.P.; Homoud, M.K.; Estes, N.A.M., 3rd. Prediction and prevention of sudden cardiac death. Card. Electrophysiol. Clin.

2017, 9, 631–638. [CrossRef]
25. Logstrup, B.B.; Olesen, K.K.W.; Masic, D.; Gyldenkerne, C.; Thrane, P.G.; Ellingsen, T.; Botker, H.E.; Maeng, M. Impact of

rheumatoid arthritis on major cardiovascular events in patients with and without coronary artery disease. Ann. Rheum. Dis. 2020,
79, 1182–1188. [CrossRef]

26. Mourguet, M.; Chauveau, D.; Faguer, S.; Ruidavets, J.B.; Bejot, Y.; Ribes, D.; Huart, A.; Alric, L.; Balardy, L.; Astudillo, L.; et al.
Increased ischemic stroke, acute coronary artery disease and mortality in patients with granulomatosis with polyangiitis and
microscopic polyangiitis. J. Autoimmun. 2019, 96, 134–141. [CrossRef]

27. Li, H.; Tong, Q.; Guo, L.; Yu, S.; Li, Y.; Cao, Q.; Li, J.; Li, F. Risk of coronary artery disease in patients with systemic lupus
erythematosus: A systematic review and meta-analysis. Am. J. Med. Sci. 2018, 356, 451–463. [CrossRef]

28. Cutolo, M.; Soldano, S.; Smith, V. Pathophysiology of systemic sclerosis: Current understanding and new insights.
Expert Rev. Clin. Immunol. 2019, 15, 753–764. [CrossRef]

29. Ungprasert, P.; Charoenpong, P.; Ratanasrimetha, P.; Thongprayoon, C.; Cheungpasitporn, W.; Suksaranjit, P. Risk of coronary
artery disease in patients with systemic sclerosis: A systematic review and meta-analysis. Clin. Rheumatol. 2014, 33, 1099–1104.
[CrossRef]

30. Bulkley, B.H.; Klacsmann, P.G.; Hutchins, G.M. Angina pectoris, myocardial infarction and sudden cardiac death with normal
coronary arteries: A clinicopathologic study of 9 patients with progressive systemic sclerosis. Am. Heart J. 1978, 95, 563–569.
[CrossRef]

31. James, T.N. De subitaneis mortibus. VIII. Coronary arteries and conduction system in scleroderma heart disease. Circulation 1974,
50, 844–856. [CrossRef]

32. Derk, C.T.; Jimenez, S.A. Acute myocardial infarction in systemic sclerosis patients: A case series. Clin. Rheumatol. 2007, 26,
965–968. [CrossRef] [PubMed]

33. Mueller, K.A.; Mueller, I.I.; Eppler, D.; Zuern, C.S.; Seizer, P.; Kramer, U.; Koetter, I.; Roecken, M.; Kandolf, R.; Gawaz, M.; et al.
Clinical and histopathological features of patients with systemic sclerosis undergoing endomyocardial biopsy. PLoS ONE 2015,
10, e0126707. [CrossRef] [PubMed]

34. Pieroni, M.; De Santis, M.; Zizzo, G.; Bosello, S.; Smaldone, C.; Campioni, M.; De Luca, G.; Laria, A.; Melduri, A.; Bellocci, F.; et al.
Recognizing and treating myocarditis in recent-onset systemic sclerosis heart disease: Potential utility of immunosuppressive
therapy in cardiac damage progression. Semin. Arthritis Rheum. 2014, 43, 526–535. [CrossRef] [PubMed]

35. Watad, A.; McGonagle, D.; Bragazzi, N.L.; Damiani, G.; Comaneshter, D.; Lidar, M.; Cohen, A.D.; Amital, H. Systemic sclerosis is
an independent risk factor for ischemic heart disease, especially in patients carrying certain antiphospholipid antibodies: A large
cross-sectional study. Eur. J. Intern. Med. 2020, 81, 44–49. [CrossRef]

36. Avina-Zubieta, J.A.; Man, A.; Yurkovich, M.; Huang, K.; Sayre, E.C.; Choi, H.K. Early cardiovascular disease after the diagnosis of
systemic sclerosis. Am. J. Med. 2016, 129, 324–331. [CrossRef]

37. Au, K.; Singh, M.K.; Bodukam, V.; Bae, S.; Maranian, P.; Ogawa, R.; Spiegel, B.; McMahon, M.; Hahn, B.; Khanna, D. Atherosclerosis
in systemic sclerosis: A systematic review and meta-analysis. Arthritis Rheum. 2011, 63, 2078–2090. [CrossRef]

38. Mok, M.Y.; Lau, C.S.; Chiu, S.S.; Tso, A.W.; Lo, Y.; Law, L.S.; Mak, K.F.; Wong, W.S.; Khong, P.L.; Lam, K.S. Systemic sclerosis is an
independent risk factor for increased coronary artery calcium deposition. Arthritis Rheum. 2011, 63, 1387–1395. [CrossRef]

39. Sanz Pérez, I.; Martínez Valle, F.; Guillén-Del-Castillo, A.; Roque Pérez, A.; Cuéllar Calàbria, H.; Pizzi, M.N.; Fernández Codina,
A.; Callegas-Moraga, E.; Orozco Gálvez, O.; Fonollosa Pla, V.; et al. Subclinical cardiovascular disease and systemic sclerosis:
A comparison between risk charts, quantification of coronary calcium and carotid ultrasonography. Autoimmun. Rev. 2018, 17,
900–905. [CrossRef]

40. Barra, S.; Providencia, R.; Narayanan, K.; Boveda, S.; Duehmke, R.; Garcia, R.; Leyva, F.; Roger, V.; Jouven, X.; Agarwal, S.; et al.
Time trends in sudden cardiac death risk in heart failure patients with cardiac resynchronization therapy: A systematic review.
Eur. Heart J. 2020, 41, 1976–1986. [CrossRef]

41. Shen, L.; Jhund, P.S.; Petrie, M.C.; Claggett, B.L.; Barlera, S.; Cleland, J.G.F.; Dargie, H.J.; Granger, C.B.; Kjekshus, J.; Kober, L.;
et al. Declining risk of sudden death in heart failure. N. Engl. J. Med. 2017, 377, 41–51. [CrossRef]

42. Allanore, Y.; Meune, C.; Vonk, M.C.; Airo, P.; Hachulla, E.; Caramaschi, P.; Riemekasten, G.; Cozzi, F.; Beretta, L.; Derk, C.T.;
et al. Prevalence and factors associated with left ventricular dysfunction in the EULAR Scleroderma Trial and Research group
(EUSTAR) database of patients with systemic sclerosis. Ann. Rheum. Dis. 2010, 69, 218–221. [CrossRef]

http://doi.org/10.7326/M14-2342
http://doi.org/10.1016/j.cpcardiol.2015.01.002
http://doi.org/10.1016/j.hlc.2018.08.026
http://doi.org/10.1111/imj.14359
http://doi.org/10.1016/j.joa.2015.09.010
http://doi.org/10.1016/j.ccep.2017.07.003
http://doi.org/10.1016/j.ccep.2017.07.012
http://doi.org/10.1136/annrheumdis-2020-217154
http://doi.org/10.1016/j.jaut.2018.09.004
http://doi.org/10.1016/j.amjms.2018.08.001
http://doi.org/10.1080/1744666X.2019.1614915
http://doi.org/10.1007/s10067-014-2681-4
http://doi.org/10.1016/0002-8703(78)90297-1
http://doi.org/10.1161/01.CIR.50.4.844
http://doi.org/10.1007/s10067-006-0211-8
http://www.ncbi.nlm.nih.gov/pubmed/16521051
http://doi.org/10.1371/journal.pone.0126707
http://www.ncbi.nlm.nih.gov/pubmed/25966025
http://doi.org/10.1016/j.semarthrit.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23932313
http://doi.org/10.1016/j.ejim.2020.06.022
http://doi.org/10.1016/j.amjmed.2015.10.037
http://doi.org/10.1002/art.30380
http://doi.org/10.1002/art.30283
http://doi.org/10.1016/j.autrev.2018.03.015
http://doi.org/10.1093/eurheartj/ehz773
http://doi.org/10.1056/NEJMoa1609758
http://doi.org/10.1136/ard.2008.103382


Diagnostics 2021, 11, 1781 11 of 13

43. Steen, V.; Medsger, T.A., Jr.; Osial, T.A., Jr.; Ziegler, G.L.; Shapiro, A.P.; Rodnan, G.P. Factors predicting development of renal
involvement in progressive systemic sclerosis. Am. J. Med. 1984, 76, 779–786. [CrossRef]

44. Clements, P.J.; Lachenbruch, P.A.; Furst, D.E.; Paulus, H.E.; Sterz, M.G. Cardiac score: A semiquantitative measure of cardiac
involvement that improves prediction of prognosis in systemic sclerosis. Arthritis Rheum. 1991, 34, 1371–1380. [CrossRef]
[PubMed]

45. Van Wijngaarden, S.E.; Boonstra, M.; Bloem, B.; Cassani, D.; Tanner, F.C.; Jordan, S.; Distler, O.; Delgado, V.; Bax, J.J.; de
Vries-Bouwstra, J.K.; et al. Clinical and echocardiographic associates of all-cause mortality and cardiovascular outcomes in
patients with systemic sclerosis. JACC Cardiovasc. Imaging 2019, 12, 2273–2276. [CrossRef]

46. Meier, F.M.; Frommer, K.W.; Dinser, R.; Walker, U.A.; Czirjak, L.; Denton, C.P.; Allanore, Y.; Distler, O.; Riemekasten, G.; Valentini,
G.; et al. Update on the profile of the EUSTAR cohort: An analysis of the EULAR Scleroderma Trials and Research Group database.
Ann. Rheum. Dis. 2012, 71, 1355–1360. [CrossRef] [PubMed]

47. Tennoe, A.H.; Murbraech, K.; Andreassen, J.C.; Fretheim, H.; Garen, T.; Gude, E.; Andreassen, A.; Aakhus, S.; Molberg,
O.; Hoffmann-Vold, A.M. Left ventricular diastolic dysfunction predicts mortality in patients with systemic sclerosis.
J. Am. Coll. Cardiol. 2018, 72, 1804–1813. [CrossRef] [PubMed]

48. Ntusi, N.; Piechnik, S.; Francis, J.M.; Ferreira, V.M.; Rai, A.B.S.; Matthews, P.M.; Robson, M.D.; Moon, J.; Wordsworth, P.B.;
Neubauer, S.; et al. Subclinical myocardial inflammation and diffuse fibrosis are common in systemic sclerosis—A clinical study
using myocardial T1-mapping and extracellular volume quantification. J. Cardiovasc. Magn. Reson. 2014, 16, 21. [CrossRef]
[PubMed]

49. Poindron, V.; Chatelus, E.; Canuet, M.; Gottenberg, J.E.; Arnaud, L.; Gangi, A.; Gavand, P.E.; Guffroy, A.; Korganow, A.S.;
Germain, P.; et al. T1 mapping cardiac magnetic resonance imaging frequently detects subclinical diffuse myocardial fibrosis in
systemic sclerosis patients. Semin. Arthritis Rheum. 2020, 50, 128–134. [CrossRef]

50. Rodriguez-Reyna, T.S.; Morelos-Guzman, M.; Hernandez-Reyes, P.; Montero-Duarte, K.; Martinez-Reyes, C.; Reyes-Utrera, C.;
Vazquez-La Madrid, J.; Morales-Blanhir, J.; Nunez-Alvarez, C.; Cabiedes-Contreras, J. Assessment of myocardial fibrosis and
microvascular damage in systemic sclerosis by magnetic resonance imaging and coronary angiotomography. Rheumatology 2015,
54, 647–654. [CrossRef] [PubMed]

51. Mavrogeni, S.; Koutsogeorgopoulou, L.; Karabela, G.; Stavropoulos, E.; Katsifis, G.; Raftakis, J.; Plastiras, S.; Noutsias, M.;
Markousis-Mavrogenis, G.; Kolovou, G. Silent myocarditis in systemic sclerosis detected by cardiovascular magnetic resonance
using Lake Louise criteria. BMC Cardiovasc. Disord. 2017, 17, 187. [CrossRef] [PubMed]

52. Markousis-Mavrogenis, G.; Bournia, V.K.; Panopoulos, S.; Koutsogeorgopoulou, L.; Kanoupakis, G.; Apostolou, D.; Katsifis, G.;
Polychroniadis, M.; Dimitroulas, T.; Kolovou, G.; et al. Cardiovascular magnetic resonance identifies high-risk systemic sclerosis
patients with normal echocardiograms and provides incremental prognostic value. Diagnostics 2019, 9, 220. [CrossRef]

53. De Luca, G.; Campochiaro, C.; De Santis, M.; Sartorelli, S.; Peretto, G.; Sala, S.; Canestrari, G.; De Lorenzis, E.; Basso, C.; Rizzo, S.;
et al. Systemic sclerosis myocarditis has unique clinical, histological and prognostic features: A comparative histological analysis.
Rheumatology 2020, 59, 2523–2533. [CrossRef] [PubMed]

54. Roberts, N.; Cabeen, W. Atrioventricular nodal function in progressive systemic sclerosis: Electrophysiological and morphological
findings. Br. Heart J. 1980, 44, 529–533. [CrossRef]

55. Ridolfi, R.L.; Bulkley, B.H.; Hutchins, G.M. The cardiac conduction system in progressive systemic sclerosis. Clinical and
pathologic features of 35 patients. Am. J. Med. 1976, 61, 361–366. [CrossRef]

56. Clements, P.J.; Furst, D.E.; Cabeen, W.; Tashkin, D.; Paulus, H.E.; Roberts, N. The relationship arrhythmias and conduction
disturbances to other manifestations of cardiopulmonary disease in progressive systemic sclerosis (PSS). Am. J. Med. 1981, 71,
38–46. [CrossRef]

57. Yiu, K.H.; Schouffoer, A.A.; Marsan, N.A.; Ninaber, M.K.; Stolk, J.; Vlieland, T.V.; Scherptong, R.W.; Delgado, V.; Holman, E.R.;
Tse, H.F.; et al. Left ventricular dysfunction assessed by speckle-tracking strain analysis in patients with systemic sclerosis:
Relationship to functional capacity and ventricular arrhythmias. Arthritis Rheum. 2011, 63, 3969–3978. [CrossRef] [PubMed]

58. Follansbee, W.P.; Curtiss, E.I.; Rahko, P.S.; Medsger, T.A.; Lavine, S.J.; Owens, G.R.; Steen, V. The electrocardiogram in systemic
sclerosis (scleroderma): Study of 102 consecutive cases with functional correlations and review of the literature. Am. J. Med. 1985,
79, 183–192. [CrossRef]

59. Vacca, A.; Meune, C.; Gordon, J.; Chung, L.; Proudman, S.; Assassi, S.; Nikpour, M.; Rodriguez-Reyna, T.S.; Khanna, D.; Lafyatis,
R.; et al. Cardiac arrhythmias and conduction defects in systemic sclerosis. Rheumatology 2014, 53, 1172–1177. [CrossRef]
[PubMed]

60. Draeger, H.T.; Assassi, S.; Sharif, R.; Gonzalez, E.B.; Harper, B.E.; Arnett, F.C.; Manzoor, A.; Lange, R.A.; Mayes, M.D. Right
bundle branch block: A predictor of mortality in early systemic sclerosis. PLoS ONE 2013, 8, e78808. [CrossRef]

61. Massie, C.; Hudson, M.; Tatibouet, S.; Steele, R.; Huynh, T.; Fritzler, M.J.; Baron, M.; Pineau, C.A.; Canadian Scleroderma Research
Group. Absence of an association between anti-Ro antibodies and prolonged QTc interval in systemic sclerosis: A multicenter
study of 689 patients. Semin. Arthritis Rheum. 2014, 44, 338–344. [CrossRef]

62. Moss, A.J.; Schwartz, P.J.; Crampton, R.S.; Locati, E.; Carleen, E. The long QT syndrome: A prospective international study.
Circulation 1985, 71, 17–21. [CrossRef]

63. Rosato, E.; Gigante, A.; Liberatori, M.; Gasperini, M.L.; Sardo, L.; Amoroso, A.; Tubani, L. QTc interval prolongation in systemic
sclerosis: Correlations with clinical variables. Int. J. Cardiol. 2015, 182, 20–22. [CrossRef]

http://doi.org/10.1016/0002-9343(84)90986-0
http://doi.org/10.1002/art.1780341105
http://www.ncbi.nlm.nih.gov/pubmed/1835389
http://doi.org/10.1016/j.jcmg.2019.05.017
http://doi.org/10.1136/annrheumdis-2011-200742
http://www.ncbi.nlm.nih.gov/pubmed/22615460
http://doi.org/10.1016/j.jacc.2018.07.068
http://www.ncbi.nlm.nih.gov/pubmed/30286924
http://doi.org/10.1186/1532-429X-16-21
http://www.ncbi.nlm.nih.gov/pubmed/24593856
http://doi.org/10.1016/j.semarthrit.2019.06.013
http://doi.org/10.1093/rheumatology/keu350
http://www.ncbi.nlm.nih.gov/pubmed/25239881
http://doi.org/10.1186/s12872-017-0619-x
http://www.ncbi.nlm.nih.gov/pubmed/28716007
http://doi.org/10.3390/diagnostics9040220
http://doi.org/10.1093/rheumatology/kez658
http://www.ncbi.nlm.nih.gov/pubmed/31990340
http://doi.org/10.1136/hrt.44.5.529
http://doi.org/10.1016/0002-9343(76)90373-9
http://doi.org/10.1016/0002-9343(81)90256-4
http://doi.org/10.1002/art.30614
http://www.ncbi.nlm.nih.gov/pubmed/22127711
http://doi.org/10.1016/0002-9343(85)90008-7
http://doi.org/10.1093/rheumatology/ket377
http://www.ncbi.nlm.nih.gov/pubmed/24241036
http://doi.org/10.1371/journal.pone.0078808
http://doi.org/10.1016/j.semarthrit.2014.07.001
http://doi.org/10.1161/01.CIR.71.1.17
http://doi.org/10.1016/j.ijcard.2014.12.069


Diagnostics 2021, 11, 1781 12 of 13

64. Foocharoen, C.; Pussadhamma, B.; Mahakkanukrauh, A.; Suwannaroj, S.; Nanagara, R. Asymptomatic cardiac involvement in
Thai systemic sclerosis: Prevalence and clinical correlations with non-cardiac manifestations (preliminary report). Rheumatology
2015, 54, 1616–1621. [CrossRef] [PubMed]

65. Svane, J.; Pedersen-Bjergaard, U.; Tfelt-Hansen, J. Diabetes and the risk of sudden cardiac death. Curr. Cardiol. Rep. 2020, 22, 112.
[CrossRef] [PubMed]

66. Bienias, P.; Ciurzynski, M.; Glinska-Wielochowska, M.; Korczak, D.; Kalinska-Bienias, A.; Glinski, W.; Pruszczyk, P. Heart rate
turbulence impairment and ventricular arrhythmias in patients with systemic sclerosis. Pacing Clin. Electrophysiol. 2010, 33,
920–928. [CrossRef] [PubMed]

67. Dessein, P.H.; Joffe, B.I.; Metz, R.M.; Millar, D.L.; Lawson, M.; Stanwix, A.E. Autonomic dysfunction in systemic sclerosis:
Sympathetic overactivity and instability. Am. J. Med. 1992, 93, 143–150. [CrossRef]

68. Karakulak, U.N.; Okutucu, S.; Sahiner, L.; Maharjan, N.; Aladag, E.; Akdogan, A.; Kilic, L.; Kaya, E.B.; Aytemir, K.; Tokgo-
zoglu, L. Assessment of cardiac autonomic nervous system involvement in systemic sclerosis via exercise heart rate recovery.
Med. Princ. Pract. 2014, 24, 17–22. [CrossRef]

69. Di Franco, M.; Paradiso, M.; Riccieri, V.; Basili, S.; Mammarella, A.; Valesini, G. Autonomic dysfunction and microvascular
damage in systemic sclerosis. Clin. Rheumatol. 2007, 26, 1278–1283. [CrossRef] [PubMed]

70. Ferri, C.; Emdin, M.; Giuggioli, D.; Carpeggiani, C.; Maielli, M.; Varga, A.; Michelassi, C.; Pasero, G.; L’Abbate, A. Autonomic
dysfunction in systemic sclerosis: Time and frequency domain 24 h heart rate variability analysis. Br. J. Rheumatol. 1997, 36,
669–676. [CrossRef]

71. Bienias, P.; Ciurzynski, M.; Kisiel, B.; Chrzanowska, A.; Ciesielska, K.; Siwicka, M.; Kalinska-Bienias, A.; Saracyn, M.; Liscika, M.;
Radochonska, J.; et al. Comparison of non-invasive assessment of arrhythmias, conduction disturbances and cardiac autonomic
tone in systemic sclerosis and systemic lupus erythematosus. Rheumatol. Int. 2019, 39, 301–310. [CrossRef]

72. Tadic, M.; Zlatanovic, M.; Cuspidi, C.; Ivanovic, B.; Stevanovic, A.; Damjanov, N.; Kocijancic, V.; Celic, V. The relationship between
left ventricular deformation and heart rate variability in patients with systemic sclerosis: Two- and three-dimensional strain
analysis. Int. J. Cardiol. 2017, 236, 145–150. [CrossRef]

73. Chung, H.H.; Kim, J.B.; Hong, S.H.; Lee, H.J.; Joung, B.; Lee, M.H. Radiofrequency catheter ablation of hemodynamically unstable
ventricular tachycardia associated with systemic sclerosis. J. Korean Med. Sci. 2012, 27, 215–217. [CrossRef] [PubMed]

74. Rankin, A.C.; Osswald, S.; McGovern, B.A.; Ruskin, J.N.; Garan, H. Mechanism of sustained monomorphic ventricular tachycardia
in systemic sclerosis. Am. J. Cardiol. 1999, 83, 633–636. [CrossRef]

75. Casella, M.; Carbucicchio, C.; Russo, E.; Pizzamiglio, F.; Golia, P.; Conti, S.; Costa, F.; Dello Russo, A.; Tondo, C. Electrical storm in
systemic sclerosis: Inside the electroanatomic substrate. World J. Cardiol. 2014, 6, 1127–1130. [CrossRef]

76. Lacroix, D.; Brigadeau, F.; Marquié, C.; Klug, D. Electroanatomic mapping and ablation of ventricular tachycardia associated with
systemic sclerosis. Europace 2004, 6, 336–342. [CrossRef] [PubMed]

77. Martinez-Taboada, V.; Olalla, J.; Blanco, R.; Armona, J.; Sueiro, J.F.; Rodriguez-Valverde, V. Malignant ventricular arrhythmia in
systemic sclerosis controlled with an implantable cardioverter defibrillator. J. Rheumatol. 1994, 21, 2166–2167. [PubMed]

78. Marsico, F.; Savarese, G.; Sardu, C.; D’Ascia, C.; Ruggiero, D.; Casaretti, L.; Parisi, V.; Musella, F.; Pirozzi, E.; Formisano, R.;
et al. Implantable cardioverter defibrillator to prevent sudden cardiac death in a patient with systemic sclerosis: A clinical case.
J. Cardiol. Cases 2012, 5, e166–e170. [CrossRef] [PubMed]

79. Chighizola, C.; Meroni, P.; Schreiber, B.; Coghlan, J.G.; Denton, C.; Ong, V.H. Role of N-terminal pro-brain natriuretic peptide in
detecting clinically significant cardiac involvement in systemic sclerosis patients. Clin. Exp. Rheumatol. 2017, 30, S81–S85.

80. Bernardo, P.; Conforti, M.L.; Bellando-Randone, S.; Pieragnoli, P.; Blagojevic, J.; Kaloudi, O.; Guiducci, S.; Porta, F.; Padeletti, L.;
Gensini, G.F.; et al. Implantable cardioverter defibrillator prevents sudden cardiac death in systemic sclerosis. J. Rheumatol. 2011,
38, 1617–1621. [CrossRef] [PubMed]

81. Cirulis, M.M.; Ryan, J.J.; Archer, S.L. Pathophysiology, incidence, management, and consequences of cardiac arrhythmia in
pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension. Pulm. Circ. 2019, 9, 2045894019834890.
[CrossRef]

82. Zipes, D.P.; Camm, A.J.; Borggrefe, M.; Buxton, A.E.; Chaitman, B.; Fromer, M.; Gregoratos, G.; Klein, G.; Myerburg, R.J.;
Quinones, M.A.; et al. ACC/AHA/ESC 2006 guidelines for management of patients with ventricular arrhythmias and the
prevention of sudden cardiac death—Executive summary. J. Am. Coll. Cardiol. 2006, 48, 1064–1108. [CrossRef]

83. Rajdev, A.; Garan, H.; Biviano, A. Arrhythmias in pulmonary arterial hypertension. Prog. Cardiovasc. Dis. 2012, 55, 180–186.
[CrossRef] [PubMed]

84. Coghlan, J.G.; Galie, N.; Barbera, J.A.; Frost, A.E.; Ghofrani, A.; Hoeper, M.M.; Kuwana, M.; McLaughlin, V.V.; Peacock,
A.J.; Simonneau, G.; et al. Initial combination therapy with ambrisentan and tadalafil in connective tissue disease-associated
pulmonary arterial hypertension (CTD-PAH): Subgroup analysis from the AMBITION trial. Ann. Rheum. Dis. 2017, 76, 1219–1227.
[CrossRef]

85. Sitbon, O.; Cottin, V.; Canuet, M.; Clerson, P.; Gressin, V.; Perchenet, L.; Bertoletti, L.; Bouvaist, H.; Picard, F.; Prevot, G.; et al.
Initial combination therapy of macitentan and tadalafil in pulmonary arterial hypertension. Eur. Respir. J. 2020, 56, 2000673.
[CrossRef] [PubMed]

86. Butt, S.A.; Jeppesen, J.L.; Torp-Pedersen, C.; Sam, F.; Gislason, G.H.; Jacobsen, S.; Andersson, C. Cardiovascular manifestations of
systemic sclerosis: A Danish nationwide cohort study. J. Am. Heart Assoc. 2019, 8, e013405. [CrossRef]

http://doi.org/10.1093/rheumatology/kev096
http://www.ncbi.nlm.nih.gov/pubmed/25863044
http://doi.org/10.1007/s11886-020-01366-2
http://www.ncbi.nlm.nih.gov/pubmed/32770374
http://doi.org/10.1111/j.1540-8159.2010.02779.x
http://www.ncbi.nlm.nih.gov/pubmed/20456648
http://doi.org/10.1016/0002-9343(92)90043-B
http://doi.org/10.1159/000368359
http://doi.org/10.1007/s10067-006-0492-y
http://www.ncbi.nlm.nih.gov/pubmed/17235657
http://doi.org/10.1093/rheumatology/36.6.669
http://doi.org/10.1007/s00296-018-4207-x
http://doi.org/10.1016/j.ijcard.2017.02.043
http://doi.org/10.3346/jkms.2012.27.2.215
http://www.ncbi.nlm.nih.gov/pubmed/22323872
http://doi.org/10.1016/S0002-9149(98)00935-7
http://doi.org/10.4330/wjc.v6.i10.1127
http://doi.org/10.1016/j.eupc.2004.03.012
http://www.ncbi.nlm.nih.gov/pubmed/15172658
http://www.ncbi.nlm.nih.gov/pubmed/7869331
http://doi.org/10.1016/j.jccase.2012.02.009
http://www.ncbi.nlm.nih.gov/pubmed/30532931
http://doi.org/10.3899/jrheum.100480
http://www.ncbi.nlm.nih.gov/pubmed/21632680
http://doi.org/10.1177/2045894019834890
http://doi.org/10.1016/j.jacc.2006.07.008
http://doi.org/10.1016/j.pcad.2012.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23009914
http://doi.org/10.1136/annrheumdis-2016-210236
http://doi.org/10.1183/13993003.00673-2020
http://www.ncbi.nlm.nih.gov/pubmed/32350101
http://doi.org/10.1161/JAHA.119.013405


Diagnostics 2021, 11, 1781 13 of 13

87. Narvaez, J.; LLuch, J.; Ruiz-Majoral, A.; Sanchez-Corral, M.A.; Claver, E.; Nolla, J.M. Increased prevalence of moderate to severe
mitral and aortic valve dysfunction in systemic sclerosis: A case-control study. J. Rheumatol. 2021, 48, 394–401. [CrossRef]

88. Kurmann, R.D.; El-Am, E.A.; Radwan, Y.A.; Sandhu, A.S.; Crowson, C.S.; Matteson, E.L.; Warrington, K.J.; Mankad, R.; Makol, A.
Increased risk of valvular heart disease in systemic sclerosis: An underrecognized cardiac complication. J. Rheumatol. 2021, 48,
1047–1052. [CrossRef]

89. Priori, S.G.; Blomstrom-Lundqvist, C.; Mazzanti, A.; Blom, N.; Borggrefe, M.; Camm, J.; Elliot, P.M.; Fitzsimons, D.; Hatala, R.;
Hindricks, G.; et al. 2015 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of
sudden cardiac death: The Task Force for the management of patients with ventricular arrhythmias and the prevention of sudden
cardiac death of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital
Cardiology (AEPC). Eur. Heart J. 2015, 36, 2793–2867.

90. Hoffmann-Vold, A.M.; Distler, O.; Murray, B.; Kowal-Bielecka, O.; Khanna, D.; Allanore, Y.; EUSTAR and SCTC Collaborators.
Setting the international standard for longitudinal follow-up of patients with systemic sclerosis: A Delphi-based expert consensus
on core clinical features. RMD Open 2019, 5, e000826. [CrossRef]

91. Kariki, O.; Antoniou, C.K.; Mavrogeni, S.; Gatzoulis, K.A. Updating the risk stratification for sudden cardiac death in cardiomy-
opathies: The evolving role of cardiac magnetic resonance imaging. An approach for the electrophysiologist. Diagnostics 2020,
10, 541. [CrossRef]

92. Paratz, E.; Semsarian, C.; La Gerche, A. Mind the gap: Knowledge deficits in evaluating young sudden cardiac death.
Heart Rhythm 2020, 17, 2208–2214. [CrossRef] [PubMed]

http://doi.org/10.3899/jrheum.201025
http://doi.org/10.3899/jrheum.201005
http://doi.org/10.1136/rmdopen-2018-000826
http://doi.org/10.3390/diagnostics10080541
http://doi.org/10.1016/j.hrthm.2020.07.029
http://www.ncbi.nlm.nih.gov/pubmed/32721478

	Introduction 
	Coronary Artery Disease 
	Impaired Cardiac Function and Heart Failure 
	Myocarditis 
	Arrhythmias 
	Pulmonary Arterial Hypertension 
	Valvular Heart Disease 
	Predicting Risk of Sudden Cardiac Death in Systemic Sclerosis 
	How Can Sudden Cardiac Death in SSc Be Prevented in the Future? 
	References

