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Abstract

Purpose of review—When present clinically, cardiac involvement in systemic sclerosis (SSc)
is a major risk factor for death. It is therefore vitally important to understand the epidemiology,
screening, diagnosis, and treatment of the cardiac manifestations of SSc.

Recent findings—The epidemiology of cardiac involvement in SSc has been the subject of
several recent studies. Most importantly, the prevalence of overt left ventricular (LV) systolic
dysfunction and its associated risk factors have been defined, and patients with diffuse cutaneous
SSc appear to be most susceptible to direct cardiac involvement. From a diagnostic and screening
standpoint, tissue Doppler echocardiography and natriuretic peptides have provided fresh insight
into subclinical cardiac dysfunction in SSc. Newer techniques, such as speckle-tracking
echocardiography, diffuse myocardial fibrosis imaging, and absolute myocardial perfusion
imaging, are poised to further advance our knowledge. Lastly, there is now consistent
observational data to suggest a central role for calcium channel blockers in the treatment of
microvascular ischemia and prevention of overt LV systolic dysfunction, although randomized
controlled trials are lacking.

Summary—Recent studies have improved our understanding of cardiac involvement in SSc.
Nevertheless, key questions regarding screening, diagnosis, and treatment remain. Novel
diagnostic techniques and multicenter studies should yield important new data, which will
hopefully ultimately result in improved outcomes.
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Introduction

Systemic sclerosis (SSc) can cause a wide variety of cardiac abnormalities, including
microvascular coronary artery disease (with resultant myocardial ischemia), myocardial
fibrosis, left ventricular (LV) systolic dysfunction, LV diastolic dysfunction, pericardial
disease, and conduction abnormalities (including bradyarrhythmias and tachyarrhythmias)
[1-4]. In addition, cardiac involvement in SSc can be primary (i.e. direct cardiac
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involvement) or secondary to pulmonary arterial hypertension (PAH), interstitial lung
disease (ILD), or kidney disease, all of which are potential complications of SSc [2].
Clinically evident cardiac involvement in SSc is associated with an increased risk of death
[1-4]; therefore, understanding the cardiac manifestations of SSc is critically important.

Pathophysiologic aspects of cardiac manifestations of SSc, especially direct myocardial
involvement, have been reviewed in detail elsewhere [1-4]. Therefore, the present review
will focus on the latest data on epidemiology of SSc-induced heart disease, current and
emerging tools for the detection and monitoring of cardiac involvement in SSc, and
evaluation and treatment of patients with SSc who have known or suspected cardiac
manifestations.

Epidemiology

Screening

Understanding the prevalence of cardiac involvement in SSc is difficult due to the multiple
types of cardiac manifestations which can occur, and the wide variety of techniques used for
their detection. Therefore, rates of cardiac involvement in SSc can vary widely depending on
the cardiac phenotype analyzed. For example, the rate of LV systolic dysfunction has been
estimated to be approximately 5% [5¢¢] whereas the rate of abnormalities on myocardial
perfusion imaging may exceed 60% [1,6].

Risk factors for cardiac involvement include presence of diffuse cutaneous SSc (dcSSc),
rapid progression of skin thickness, and older age at the onset of SSc. In a study [7] of 1012
Italian patients with SSc, cardiac involvement was present in 32% of dcSSc vs. 23% in
limited cutaneous SSc (IcSSc). A large study [5ee ] of LV systolic dysfunction in SSc
replicated these findings by showing that SSc patients with LV systolic dysfunction were
more likely to have dcSSc compared with patients with normal LV systolic function (48 vs.
32%, respectively; £=0.001). In addition, Domsic et a/. [8+] found an association between
rapid skin thickness progression rate and the development of cardiac involvement at 1 year,
and Manno and colleagues [9] found that late-age onset of SSc (age = 65 years) was
associated with increased risk of cardiac involvement [OR 2.7, 95% confidence interval (CI)
1.9-3.8].

As mentioned above, it is well known that cardiac involvement in SSc can be primary or
secondary to other complications of SSc such as PAH. However, recent studies have
highlighted the importance of co-existence of primary and secondary cardiac involvement in
SSc. For example, recent reports [10e,11] suggest that it is not uncommon for patients with
SSc-PAH to have concomitant LV perfusion defects despite normal epicardial coronary
arteries. Co-existence of PAH and direct cardiac involvement of the LV may explain the
increased morbidity and mortality in SSc-PAH compared with other types of PAH.

Given the frequency of cardiac involvement and coexistence with other complications of
SSc, it is not surprising that cardiac manifestations are a common cause of death, as
demonstrated in several recent studies [12¢,13,14,15¢¢]. In the largest study [15e¢] (V=
5860), 55% of deaths were due to SSc whereas 45% of deaths were thought to be unrelated
to SSc. Of the SSc-related deaths, 26% were cardiac (predominantly heart failure and
arrhythmias) whereas 29% of non-SSc related deaths were due to cardiac causes.

and diagnosis

Given the poor prognosis associated with cardiac involvement in SSc (especially when
clinically evident), screening for subclinical cardiac disease and thorough evaluation of
cardiac symptoms are essential. However, unlike ILD and PAH, there are fewer data on
optimal screening for direct cardiac involvement in SSc. Patients with SSc undergo routine
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Doppler echocardiography for pulmonary hypertension screening; therefore, screening for
direct cardiac involvement should be performed simultaneously, and, if possible, the
echocardiography examination should include tissue Doppler imaging. N-term-inal pro-B-
type natriuretic peptide (NT-proBNP and BNP) also play a critical role in the evaluation of
possible cardiac involvement in SSc, as outlined below.

Echocardiography

Many patients with SSc undergo routine annual screening with echocardiography for
estimation of pulmonary artery systolic pressure with simultaneous evaluation for LV
systolic dysfunction (reduced LV ejection fraction) and pericardial effusion. Although these
routine assessments are important, several newer echocardiographic techniques such as
tissue Doppler imaging and right ventricular quantification are available and should be
utilized in all patients with SSc.

Tissue Doppler imaging

The assessment of myocardial tissue velocities using the Doppler technique has provided
immense insight into longitudinal function of the heart [16-25]. As the heart is composed of
longitudinal, circumferential, and radial fibers, global indices (such as ejection fraction) do
not capture the full extent of myocardial dysfunction especially in patients who have
subclinical cardiac involvement. Because subendocardial fibers, which are mostly
longitudinal in orientation, are most susceptible to microvascular ischemia, longitudinal
systolic and diastolic dysfunction are often the earliest signs of cardiac impairment in SSc
[17-23,25]. Systolic longitudinal velocity (S’) can be used to identify early subclinical LV
systolic dysfunction in patients with SSc whereas early diastolic tissue velocity (E’) is
critically important as a marker of LV diastolic dysfunction [25].

Right ventricular quantification

In SSc, right ventricular (RV) dysfunction can be primary (due to direct myocardial
involvement) or secondary (due to PAH, LV dysfunction, or ILD). Recent developments in
echocardiographic RV imaging [27], along with published guidelines for the quantification
of the right ventricle [28¢], now allow routine evaluation of the RV in SSc. Five parameters
[RV fractional area change, tricuspidb annular plane systolic excursion (TAPSE), RV free
wall tissue Doppler S’, pulmonary artery systolic pressure, and the ratio of tricuspid
regurgitant velocity to pulmonary artery velocity time integral (a noninvasive marker of
pulmonary vascular resistance) [29]] form the cornerstone of echocardiographic RV
assessment in SSc. In addition, the shape of the RV outflow tract pulse wave Doppler
velocity profile can provide insight into the presence and type of pulmonary hypertension
[30-].

Natriuretic peptides

The best studied cardiac biomarkers in SSc have been the natriuretic peptides [20,31-36].
Thus far, BNP and NT-proBNP have been studied primarily as biomarkers for the
identification of PAH in most studies of SSc patients. However, it is well known that BNP
and NT-proBNP can increase not only in the setting of RV dysfunction (e.g. in response to
pulmonary hypertension) but also in LV systolic dysfunction, LV diastolic dysfunction, and
myocardial ischemia [37,38]. Thus, natriuretic peptides may be better utilized as a screen for
overall cardiac involvement in SSc as opposed to simply screening for pulmonary
hypertension [33]. In a study of 69 consecutive patients, Allanore et al. [20] found that NT-
proBNP diagnosed overall cardiac involvement (either LV systolic dysfunction, RV systolic
dysfunction, or elevated pulmonary artery pressure) with an excellent area under the curve
of 0.94 (95% CI 0.87-0.99) on receiver operator characteristic (ROC) analysis. These
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authors additionally found that an NT-proBNP cut-off of 125 pg/ml (well within the
‘normal’ range in non-SSc patients [37]) was optimal for the detection of cardiac
involvement in SSc.

Most studies to date in SSc have examined NT-proBNP [20,32,33,35,39-44], which has
longer half-life and increased stability [37] compared with BNP. However, in a single-center
study, Cavagna et al. [45+¢] compared the utility of BNP and NT-proBNP for the diagnosis
of PAH in SSc and found that although pulmonary artery pressure correlated with both BNP
and NT-proBNP, the former was slightly superior to the latter with higher area under the
ROC curve (0.74 vs. 0.63, respectively). On the basis of these recent studies, it appears that
either NT-proBNP or BNP can be used for screening for primary or secondary cardiac
involvement.

It is also apparent that compared with the general population, lower thresholds for BNP and
NT-proBNP should be used to signify possible cardiovascular involvement in the patient
with SSc. Levels of BNP greater than 60 pg/ ml or NT-proBNP greater than 125 pg/ml
(values within the ‘normal limits’ for these tests) may be a sign of cardiac involvement in
SSc. However, it should be noted that both cardiac and noncardiac conditions can influence
natriuretic peptide levels, and these should be taken into consideration when interpreting
results of BNP (or NT-proBNP) testing in SSc.

Nuclear imaging, computed tomography, and cardiac magnetic resonance

Nuclear imaging techniques such as single-photon emission computed tomography (SPECT)
are currently the most commonly used method for the detection of abnormal myocardial
perfusion in SSc, and have been reviewed in detail previously [2]. Cardiac computed
tomography (CT) and cardiac magnetic resonance (CMR) can provide valuable information
on cardiac involvement, and both provide higher spatial resolution than SPECT. Routine
chest CT (which is often ordered for evaluation of ILD) can provide data on pericardial
thickness and coronary calcium. Mok ef al. [46¢] recently demonstrated that SSc patients
were more likely to have an elevated coronary artery calcium score on chest CT compared
with controls. SSc disease duration was also associated with higher coronary artery calcium
score. Whether these findings will be replicated in other SSc cohorts, and the clinical
relevance of these findings, has yet to be determined.

CMR has been investigated in SSc and found to detect cardiac abnormalities with high
sensitivity. In one study [47] of 52 patients with SSc, 75% had at least one detectable
abnormality on CMR. Traditional vasodilator first-pass perfusion CMR can also reliably
detect subendocardial ischemia by displaying a circumferential impairment of perfusion in
the subendocardium, a finding that is thought to be due to microvascular disease in SSc [6].
Finally, CMR is emerging as a vital technique for evaluation of RV structure and function
[48] and may be useful in SSc for the differentiation of primary RV involvement from
secondary RV involvement due to PAH. In a CMR study of 50 SSc patients, Bezante et al.
[48] found that RV ejection fraction was decreased in SSc compared with controls (47 + 7
vs. 58+4%;P < 0.0001) and lower in dcSSc when compared with IcSSc (44 + 6 vs. 48 + 7%;
P=10.03).

Emerging diagnostic tools

Future tools likely to be important in SSc heart disease including speckle-tracking
echocardiography for the evaluation of myocardial strain [49-52], diffuse fibrosis imaging
using CMR to evaluate extent of diffuse cardiac fibrosis [53-55], and absolute perfusion
CMR to evaluate for microvascular coronary ischemia [56].
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Speckle-tracking echocardiography for measurement of myocardial strain

Myocardial strain (the fractional change in length of a segment of myocardium compared
with its original length [49]) is a measure of cardiac deformation, which differs from tissue
velocity (Fig. 1). The fundamentals of strain imaging have recently been described in detail
[24,49,57]. On the basis of the association between cardiac fibrosis, circulating markers of
fibrosis, and reduced myocardial strains in prior non-SSc studies [18-27,28¢ ,29,30+ ,31—
44,450+ 46+ ,47-58, measurement of strain in SSc may be a valuable tool for the assessment
of preclinical myocardial involvement in SSc [59,60]. Matias ef a/. [59] performed speckle-
tracking echocardiography of the RV in patients with SSc and compared with controls; they
found that while tissue Doppler indices were similar between groups, reduced strain by
speckle-tracking echocardiography was present in the SSc patients.

Cardiac magnetic resonance diffuse fibrosis imaging

Late gadolinium enhancement imaging (LGE) has become the gold standard for detecting
and quantifying focal myocardial fibrosis. However, in patients with SSc, fibrosis is
relatively diffuse and therefore cannot be detected readily using traditional LGE imaging,
which relies on differential uptake of gadolinium in scarred (fibrotic) and adjacent
nonscarred (nonfibrotic) myocardial tissue [61]. Fortunately, recent advances in CMR now
allow measurement of diffuse myocardial fibrosis using a T1 mapping technique and
calculating the extracellular volume fraction (V,) [53-55]. Because myocardial fibrosis has
a larger V. than normal myocardium, V. correlates with the degree of diffuse myocardial
fibrosis [62¢]. Although this technique has not yet been reported in SSc, it is likely to be an
important future assessment tool in SSc both for detection of subclinical disease and
response to novel SSc therapies. Figure 2 displays an example of increased V. in a patient
with SSc compared with normal.

Cardiac magnetic resonance absolute perfusion

Like the detection of myocardial scar, traditional methods for detecting abnormalities in
myocardial perfusion (i.e. ischemia) also rely on relative differences between adjacent
myocardial territories. Thus, currently available perfusion techniques are most helpful for
focal epicardial coronary disease and less helpful for diffuse microvascular ischemia such as
that seen in SSc. Using models similar to those used for thermodilution estimation of cardiac
output, absolute myocardial blood flow can now be calculated by first-pass perfusion CMR
[56]. Perfusion quantification may improve the detection of diffuse limitations in coronary
vasodilator reserve in SSc and may provide a novel way to quantify its response to therapy.

Specific cardiac manifestations of systemic sclerosis

Given the many types of cardiac involvement in SSc, it is important for all those involved in
the care of SSc patients to understand the screening, diagnosis, and treatment of cardiac
manifestations. Figure 3 displays an algorithm for the diagnosis of cardiac manifestations in
SSc when cardiac symptoms are present or when screening tests are abnormal. Table 1 lists
the various types of cardiac manifestations of SSc, their prevalence, diagnostic techniques,
and recommended treatments.

Intrinsic myocardial disease: myocardial fibrosis, microvascular ischemia, and left
ventricular dysfunction

Recurrent vasospasm, poor vasodilator reserve, focal ischemia, recurrent ischemia-
reperfusion injury, and inflammation (when present) may all contribute to the development
of myocardial fibrosis and the varied clinical manifestations of myocardial disease in SSc,
which include asymptomatic LV systolic or diastolic dysfunction and clinically overt heart
failure [63¢].

Curr Opin Rheumatol. Author manuscript; available in PMC 2013 June 11.
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Overt heart failure, in turn, can present as acute myocarditis or myopericarditis with a rapid
decline in LV ejection fraction; chronic heart failure with reduced ejection fraction (systolic
heart failure); or chronic heart failure with preserved ejection fraction (diastolic heart
failure), each of which has different treatment options (Table 1).

The beneficial effects of vasodilators, such as calcium channel blockers mostly of
dihydropyridine type, angiotensin converting enzyme inhibitors, and endothelin receptor
antagonist have been demonstrated in SSc patients [4]. Recently, the potential long term
benefit of calcium channel blockers was demonstrated in a large series of 7073 SSc patients:
age, male gender, digital ulcerations, myositis, and lung involvement were each
independently associated with increased prevalence of LV dysfunction; in contrast, calcium
channel blocker use appeared to be protective (odds ratio 0.41; 95% CI 0.22—0.74) [5ee].
Although these data are highly promising, it should be noted that the aforementioned study
was observational and therefore cannot prove a cause-and-effect relationship between
calcium channel blocker use and reduction in incidence of LV dysfunction.

Right ventricular dysfunction

Several studies have demonstrated primary abnormalities of RV function in SSc,
independent of pulmonary hypertension [48,64-71]. A study by Meune et al. [71] focused
on cardiac function in 42 SSc patients with normal pulmonary arterial pressure and less than
5 years of disease duration compared with matched controls; using radionuclide
ventriculography, these investigators found that reduced RV ejection fraction (present in
greater than one-third of patients) correlated with both LV ejection fraction and peak filling
rate, whereas no correlation was found with either pulmonary function impairment or
pulmonary arterial pressure, thereby suggesting intrinsic myocardial involvement in these
patients. Others have found abnormalities in RV diastolic function using tissue Doppler
imaging [70] and TAPSE [69] in patients with SSc. Despite these findings, data on
therapeutics for primary RV dysfunction in SSc are lacking; therefore, treatment is empiric
(Table 1).

Pericardial disease

Patients with SSc can develop a range of complications due to pericardial disease, including
acute pericarditis, pericardial effusion, cardiac tamponade, and constrictive pericarditis [3].
Pericardial effusion is common in SSc and often asymptomatic. At autopsy, the prevalence
of peri- cardial involvement has been reported to be as high as 78%; however, clinically
symptomatic pericardial disease is only present in 5-16% [3,47,72]. When significant
pericardial disease is present, it can cause considerable morbidity in patients with SSc. The
pathophysiology of pericardial disease in SSc is not well known.

Dunne et al. [73¢] recently reviewed all cases in the literature of large pericardial effusions
and cardiac tamponade in SSc. They found that cardiac tamponade is an infrequent
complication of SSc, PAH is an important risk factor, and when a hemodynamically
significant pericardial effusion occurs in the patient with SSc-PAH, prognosis is poor. In this
situation, the authors advocate stabilization of RV function with pulmonary vasodilators,
followed by cautious pericardiocentesis only when absolutely necessary.

Diagnosis of constrictive pericarditis, and its differentiation from restrictive
cardiomyopathy, can be challenging, especially in the patient with SSc in whom both
pathophysiologic processes can coexist. Abnormal interventricular spetal motion and
preserved longitudinal mitral annular early diastolic (E”) tissue velocity are the two
echocardiographic signs that favor a diagnosis of constrictive pericarditis [74].

Curr Opin Rheumatol. Author manuscript; available in PMC 2013 June 11.
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Conduction system disease

Fibrosis of the conduction system disease can occur in SSc, and its relationship to
myocardial fibrosis is variable [75]. When conduction system fibrosis occurs, it most
commonly involves the sinoatrial node [76], though conduction system abnormalities in SSc
are rarely symptomatic [77]. However, patients with SSc can develop palpitations, syncope,
and even sudden death. In addition, in the Genetics and Environment in Scleroderma
Outcome Study (GENOSIS), clinically significant arrhythmia on ECG was associated with
increased mortality [78]. Thus, recognition and identification of bradyarrhythmias and
tachyarrhythmias is essential. Several ECG abnormalities have been reported in SSc, as
summarized in detail by Lubitz et al. [77]. Electrocardiographic abnormalities are predictive
of survival, although it is unclear whether these changes reflect overall disease burden or
contribute directly to morbidity and mortality.

As opposed to the relatively low incidence of symptomatic conduction system disease and
bradyarrhythmias, ventricular and supraventricular arrhythmias are common [3,77,79e,
80,81]. Advanced age and SSc disease burden, and possibly extent of lung involvement,
have been associated with arrhythmic burden. Unfortunately, there is limited data on the use
of 3SSc-specific therapies, vasodilators, antiarrhythmics, or devices such as pacemakers or
defibrillators in patients with SSc. Bernardo et a/. [82¢] recently reported a case series of 10
patients with SSc, all of whom had evidence of ventricular arrhythmia on 24-h Holter
monitoring. All underwent implantable cardioverter-defibrillator (ICD) placement; after 3
years of follow-up, 30% of the patients had ventricular tachyarrhythmias, which were
appropriately terminated, suggesting potential life-saving benefit of ICD implantation.

Conclusion

Early diagnosis and treatment of direct cardiac involvement in SSc are essential. On the
basis of available data, ideal screening includes annual comprehensive echocar-diography
(including tissue Doppler imaging) and natriuretic peptide testing (either BNP or NT-
proBNP). If present, symptoms and signs of possible cardiac involvement should be
thoroughly investigated, thereby ensuring timely intervention in the at-risk patient. For the
most common type of cardiac involvement, intrinsic myocardial disease, treatment with
vasodilators improves myocardial perfusion and may deter the development of overt LV
systolic dysfunction by reducing progression of myocardial fibrosis. Despite advances in our
understanding of cardiac involvement in SSc, several questions remain unanswered:

1. What are the best ways to screen for cardiac involvement? How often? What
modalities?

2. Which abnormalities on cardiac screening tests are associated with functional
limitation and/or adverse outcomes?

3. Does treatment of SSc patients with asymptomatic cardiac involvement (detected
on screening tests) improve outcomes?

Fortunately, many centers are actively investigating cardiac manifestations of SSc and hope
to answer these questions. Novel diagnostic techniques and multicenter studies should yield
important new data, which will hopefully ultimately result in improved outcomes.
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Figure 1. Advanced echocar diographic techniques for the evaluation of cardiac involvement in
systemic sclerosis: tissue Doppler imaging vs. speckle-tracking echocar diography

Left panel: Differences between myocardial velocity and myocardial strain. Middle panel:
Example of tissue velocities of basal RV free wall in a patient with SSc [open arrow points
to peak systolic (S) tissue velocity]. Right panel: Example of systolic strain curves of the
RV derived from speckle-tracking echocardiography in the same patient with SSc (inset =
2D speckle-tracking image; arrow points to peak systolic strain of the basal RV free wall).
In this case, peak systolic strain (—4.4%) was reduced (consistent with intrinsic RV systolic
dysfunction) whereas peak systolic tissue velocity (12.3 cm/s) was preserved. RV systolic
tissue velocity was normal despite abnormal RV function due to the tethering effect of
normal LV systolic function (i.e. RV longitudinal velocity, but not strain, is somewhat
dependent on LV systolic function as the LV ‘pulls’ the RV base toward the apex during
systole). Thus, speckle-tracking strain analysis may be advantageous (compared with tissue
Doppler imaging) for the detection of subclinical cardiac involvement.
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Figure 2. Diffuse myocardial fibrosis quantification by cardiac magnetic resonance

Late gadolinium enhanced (LGE), mid-left ventricular short axis images and corresponding
postcontrast T1 mapping of the blood pool and myocardium in a normal control (left panel)
and a patient with diffuse cutaneous SSc (right panel). Although LGE images demonstrate
no focal areas of myocardial fibrosis, postcontrast myocardial T; mapping demonstrates
faster recovery (shorter T1) in the SSc patient. Precontrast and postcontrast T, values in the
blood and myocardium are used to calculate the extracellular volume fraction (V,). In the
example shown, there is substantially greater diffuse myocardial fibrosis (higher V,) in the
SSc patient compared with normal despite similar appearance of the left ventricle.
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Figure 3. Clinical algorithm for screening and diagnosis of cardiac involvement in systemic

sclerosis

BNP, B-type natriuretic peptide; CAD, coronary artery disease; CMR, cardiac magnetic
resonance; CPET, cardiopulmonary exercise testing; DLCO, carbon monoxide diffusing
capacity; ILD, interstitial lung disease; JVP, jugular venous pulsations; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PA,
pulmonary artery; PAH, pulmonary arterial hypertension; RV, right ventricle; TAPSE,
tricuspid annular plane systolic excursion. *Differential diagnosis also includes noncardiac
causes of natriuretic peptide evaluation including renal insufficiency, sepsis/critical illness,
glucocorticoids, malignancy, and weight loss/cachexia.
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Prevalence, diagnosis, and treatment of cardiac manifestations in systemic sclerosis

Cardiac manifestation

Prevalence Diagnostic tests

Treatment

LV systolic dysfunction

LV diastolic dysfunction

Primary RV dysfunction

Microvascular coronary
artery disease

Macrovascular (epicardial)

coronary artery disease

Myocarditis

Pericardial effusion

Constrictive pericarditis

Bradyarrhythmias
Tachyarrhythmias

5.4% Echocardiography, CMR imaging,
natriuretic peptides

30-35% Echocardiography, tissue Doppler

imaging, natriuretic peptides

38% Echocardiography, tissue Doppler
imaging, CMR imaging, natriuretic
peptides

> 60% Myocardial perfusion imaging
(either nuclear imaging or CMR
imaging)

25050 Coronary angiography; calcium
score and coronary CT may be
useful for screening

Rare Echocardiography, cardiac MRI
with gadolinium contrast,
endomyocardial biopsy

5-16% Echocardiography with Doppler
imaging to look for
echocardiographic signs of cardiac

tamponade

Rare CMR imaging, cardiac CT, echo
(including Doppler and tissue
Doppler); simultaneous right and

left heart catheterization?
Rare Holter monitor, event monitor

15% Holter monitor, event monitor

Beta-blocker?, ACE-inhibitor/ARB; calcium channel
blocker if microvascular coronary disease is present;
referral to heart failure specialist

Treatment of heart failure symptoms if they exist;
evaluate for microvascular ischemia and treat with
calcium channel blocker if present

Digoxin, diuretics for signs, symptoms of right heart
failure; rule out pulmonary hypertension with invasive
hemodynamic testing

Calcium channel blockers, ACE-inhibitors/ARB;
consider ranolazine if angina is present; statins

Coronary stenting or standard medical management of
coronary artery disease; statins

Cyclophosphamide, intravenous pulse steroids; if
symptomatic systolic heart failure is present, treat
according to guidelines; co-management with heart
failure specialist

No treatment indicated unless symptomatic; rule out renal
crisis; cautious diuretics in patients with symptoms of
dyspnea or right heart failure; reserve pericardiocentesis
for severe symptoms/cardiac tamponade, and avoid
pericardiocentesis in patients with significant PAH/RV
dysfunction

Treatment of right heart failure symptoms: diuretics,
sodium and fluid restriction; pericardial stripping surgery
contraindicated in most cases

Pacemaker according to standard guidelines

Centrally-acting calcium channel blockers (diltiazem,
verapamil); Beta -blockers should be avoided if
Raynaud’s is present; consider ablation or defibrillator in
select cases

a\/asodilating beta-blockers, such as carvedilol, are preferred, especially in patients with Raynaud’s phenomenon.

b .. .
Defined as coronary artery calcium score greater than 101.
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