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ABSTRACT
Heart involvement, including primary 
myocardial involvement, is very com-
mon in systemic sclerosis (SSc). When 
clinically evident, cardiac involvement 
is recognized to be a very poor prog-
nostic factor. Thus pre-clinical identifi-
cation is highly encouraged. Echocar-
diography, including pulsed tissue 
Doppler echocardiography, is the cor-
nerstone of routine heart assessment 
as it allows the detection of reduced 
systolic/ diastolic function, as well as 
the measurement of pulmonary artery 
pressure, and the possible detection of 
valvular or pericardial involvement. 
Myocardial perfusion may be also as-
sessed by single photon emission com-
puted tomography, and if available, by 
cardiac magnetic resonance imaging. 
Since the introduction of routine as-
say for natriuretic peptides, and their 
initial application for the diagnosis of 
acute heart failure, B-type natriuretic 
peptide assays are now recommended 
for a wide number of applications and 
have been introduced as a major tool, 
in particular in primary care, in world-
wide guidelines. Within the context of 
SSc, recent studies have demonstrated 
that BNP and NT-proBNP are highly 
relevant for the diagnosis and the pre-
diction of pulmonary hypertension oc-
currence. Moreover, NT-proBNP allows 
the detection of both reduced left ven-
tricular/right ventricular contractility, 
or pulmonary hypertension, suggesting 
its potential role as a first line tool in 
primary care setting for the overall car-
diac assessment of SSc in which cardio-
vascular complications are a burden.

Introduction
Systemic sclerosis (SSc) is a connec-
tive tissue disease characterized by 
widespread vascular lesions and fi-
brosis of the skin, internal organs and 

small vessels. Cardiac involvement is 
often clinically occult. However, it is 
recognized as a very poor prognostic 
factor, and one of the leading causes of 
mortality in SSc patients (1). Cardiac 
involvement may affect the endocar-
dium, myocardium and pericardium, 
separately or concomitantly. As a con-
sequence, pericardial effusion, auricular 
and/or ventricular arrhythmias, conduc-
tion disease, valvular regurgitation, my-
ocardial ischemia and heart failure have 
been reported. In addition, pulmonary 
arterial hypertension, renal and lung in-
volvement can adversely affect cardiac 
status and may dramatically alter the 
prognosis of these patients (1, 2). 

Prevalence and prognosis of 
overall cardiac involvement
The prevalence of overall cardiac dis-
ease varies among studies according 
to the methods used for its assessment. 
Indeed, most past available data are 
based upon clinical evaluation, ECG 
and thoracic x-ray. Several lines of 
evidence suggest that both limited and 
diffuse cutaneous subtypes can be af-
fected by cardiac involvement (1-3). 
Nevertheless, an epidemiological Ital-
ian study suggested that heart involve-
ment could be more prevalent in the 
diffuse sub-type (32%) as compared 
with the limited form (23%) (4). Such 
an association has been recently con-
firmed in a recent study that focused 
on depressed left ventricular ejection 
fraction (LVEF) and reported data for 
more than 7,000 patients (5). Data from 
the Pittsburgh’s group also showed that 
anti-topoisomerase I antibody-positive 
patients with rapid or intermediate skin 
thickness progression rate are at consid-
erable early risk for the occurrence of 
SSc-associated cardiac problems (6).
In an international meta-analysis, 
among 1645 cases, 578 deaths occurred 
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over 11,521 person-years of follow-up. 
In multivariate analyses, adjusted for 
age and sex, cardiac involvement (de-
fined by major conduction disturbanc-
es, ventricular arrhythmia, heart failure 
or persistent moderate-to-large pericar-
dial effusion detected by echocardio-
graphy) increased the risk of mortality 
(hazard ratio HR=2.8; 95% confidence 
interval [CI]: 2.1 to 3.8) as well as re-
nal (HR=1.9; 95% CI: 1.4 to 2.5), pul-
monary involvement (HR=1.6; 95% 
CI: 1.3 to 2.2), and anti-topoisomerase 
I antibodies (HR=1.3; 95% CI: 1.0 to 
1.6). Moreover, renal, cardiac, and pul-
monary involvements tended to occur 
concomitantly (7). Such a severity has 
been recently confirmed in a series of 
366 Hungarian patients; 65% of the 
observed deaths were attributed to 
cardiopulmonary complications of the 
disease (8).
A part from cardiac involvement, pul-
monary hypertension may also badly 
affect the prognosis of SSc patients. 
Indeed, in 2 recent studies (9, 10), the 
3-years survival of SSc patients with 
pulmonary hypertension ranged from 
28% to 48% and was significantly re-
duced when compared to primary pul-
monary hypertension or systemic lupus 
erythematosus associated pulmonary 
hypertension. As pulmonary hyperten-
sion is often associated with both right 
ventricular (RV) and left ventricular 
(LV) involvements in SSc, one may 
wonder if such specific cardiac in-
volvement does not contribute to the 
observed high-rates mortality (11).

Different manifestations of 
cardiac involvement by SSc 
and their prevalence
SSc may be complicated by several 
distinct cardiac manifestations. Of 
these, depressed myocardial contractil-
ity is supposed to be specific, and the 
“hallmark” of primary myocardial in-
volvement. However, its existence and 
prevalence is still a matter of debate, 
as most studies only investigated LV 
ejection fraction (LVEF) and reported 
somewhat low prevalence of reduced 
LVEF (5, 12-14). One study, which 
included 570 patients, reported a 1.4% 
prevalence of LV systolic dysfunction 
(12). Other authors have reported a low 

prevalence of reduced LVEF at rest, 
though up to 46% of patients had ab-
normal LV contractility as assessed by 
LVEF during exercise (15). More re-
cently, the EUSTAR registry provided 
robust estimates of the prevalence of 
LV dysfunction and demonstrated an 
overall of 5.4% prevalence (5).
We have previously reported the ob-
servation of reduced LV contractility 
despite a normal LVEF using radial 
strain-rate determined by Tissue Dop-
pler Echocardiography (TDE), suggest-
ing that the prevalence of depressed 
myocardial contractility may be un-
derestimated (16, 17). In a more recent 
study, we investigated 100 consecutive 
patients with SSc with matched con-
trols, using conventional echocardiog-
raphy implemented by pulsed TDE of 
mitral and tricuspid annular velocity 
measurements (11). Using this simple 
and widely available method, we dem-
onstrated that 14% and 15% of SSc pa-
tients had respectively reduced LV and 
RV contractility (11). In addition, both 
measurements were correlated which 
may reinforce the existence of a com-
mon LV and RV primary myocardial 
involvement.
The presence of diastolic dysfunction in 
patients with SSc has been extensively 
demonstrated (11, 14). However, the 
distinction of pathologic findings versus 
age-related changes or other confound-
ing factors may be hard to ascertain. In 
the largest study, the authors reported 
the presence of diastolic abnormalities 
in 101 of 570 patients (17.7%) (12). 
However, 48 patients (8.4%) had a re-
strictive mitral flow pattern, which is un-
equivocally abnormal, while 53 patients 
(9.3%) had delayed diastolic relaxation, 
which, in absence of a control group, 
may not allow formal conclusion (12). 
In our controlled study, using pulsed 
TDE, we found that 30/100 patients 
have definite abnormal LV filling (11). 
Overall, the prevalence of diastolic dys-
function is increased when compared to 
age-sex matched controls (11) and may 
range from 17 to 30% (11, 12). 
Primary pulmonary arterial hyperten-
sion (PAH) is assumed to be one of 
the most severe complications of SSc. 
The more recent studies that focused 
on PAH and used catheterization for 

diagnosis, established a prevalence 
that ranged from 7.85 to 12% of SSc 
patients (18-20).
Pericardial effusion has been noted in 
33/77 (43%) SSc patients versus 2/45 
(4%) controls, but only 11/77 (14%) 
had a significant effusion, according 
to a controlled study (14). In our study, 
15/100 (15%) patients compared with 
1/26 (4%) (NS) controls had pericardial 
effusion (11). In addition, we demon-
strated that SSc patients had a higher 
prevalence of aortic regurgitation (18%) 
and a trend towards more prevalent mi-
tral regurgitation; however, valvular re-
gurgitations were associated with age, 
and most patients had grade I aortic or 
mitral regurgitation or both, which is a 
benign finding (11).

Assessment of heart involvement 
in systemic sclerosis
A few decades ago, radionuclide ven-
triculography was recommended for 
heart function assessment. While it 
has been progressively supplanted by 
echocardiography, it should be still 
considered in some patients with poor 
echogenicity (<5%) and for research 
purposes. Doppler-echocardiography 
together with clinical evaluation has 
been proposed as the candidate meth-
ods for routine cardiac assessment (21, 
22), as they should possibly detect all 
forms of cardiac complications by SSc. 
However, recent studies suggest that 
these indexes may lack of sensitivity 
and do not allow a prompt diagnosis at 
a pre-clinical stage. Indeed, new meth-
ods such as magnetic resonance imag-
ing and strain rate imaging have dem-
onstrated to be more sensitive methods 
than conventional echocardiography. 
However, the application of these 
methods for routine assessment does 
not seem to be encouraged. Pulsed TDE 
has emerged in recent years as a robust 
indicator of both LV and RV contractil-
ity, as well as LV filling patterns. In the 
specific context of SSc, we and others 
have demonstrated that the implemen-
tation of conventional echocardiogra-
phy with mitral and tricuspid annular 
velocities measurements resulted in a 
greater detection of cardiac complica-
tion (11, 16, 17, 23). The investigation 
of myocardial perfusion and micro-
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circulation may also be considered for 
some SSc patients. Single photon emis-
sion computed tomography (SPECT) 
has been proposed a few years ago in 
order to assess myocardial perfusion 
abnormalities and possibly distinguish 
reversible ischemia from irreversible 
lesions. However, SPECT is limited in 
quantitative studies (1). Cardiac MRI 
has progressively supplanted SPECT 
as it allows the identification of small 
sub-endocardial perfusion defects, but 
also coronary flow reserve determina-
tion, the identification of myocarditis 
(especially in patients with myositis) 
and the morphological evaluation of 
fibrotic myocardium compared to vi-
able tissue (17, 24, 25). In addition, 
cardiac MRI also appears to be a rapid 
and noninvasive means of determining 
subclinical right myocardial involve-
ment (25) and is under development to 
assess right ventricle in secondary heart 
involvement related to pulmonary arte-
rial hypertension (26).

Natriuretic peptide in 
cardiac diseases
Natriuretic peptides (NP) are peptide 
hormones that are synthesized by the 
heart, brain and also other organs. Most 
of these peptides are secreted by heart 
or vessels in response to pressure and/
or volume overload. As a consequence, 
these peptides may be candidate mark-
ers of various pathologic conditions. 
The atrial natriuretic peptide was the 
first natriuretic peptide to be reported 
in 1984. Its has been progressively sup-
planted by the B-type natriuretic pep-
tides, brain natriuretic peptide (BNP) 
and N-terminal brain natriuretic pep-
tide (NT-proBNP). B-type natriuretic 
peptides are synthesized mainly by 
ventricular myocytes. Their synthesis 
and release are controlled at the level of 
gene expression which can be rapidly 
upregulated. BNP is first synthesized 
as preproBNP, which is then cleaved 
to proBNP and finally to BNP and NT-
proBNP. NPs are involved in the long-
term regulation of sodium and water 
balance, blood volume and arterial 
pressure. They directly dilate veins and 
thereby decrease central venous pres-
sure, which reduces cardiac output by 
decreasing ventricular preload. They 

also dilate arteries, which decreases 
systemic vascular resistance and sys-
temic arterial pressure. They affect 
the kidneys by increasing glomerular 
filtration rate and increase natriuresis. 
Taken together, these actions decrease 
blood volume, arterial pressure, central 
venous pressure, pulmonary capillary 
wedge pressure, and cardiac output 
(27, 28). NPs levels (BNP and NT-
proBNP) are now widely used as mark-
ers of acute and chronic heart failure 
in clinical practice and cardiovascular 
research. They have also been incor-
porated into cardiovascular guidelines 
for heart failure diagnosis and man-
agement. Elevations can establish the 
presence of heart failure caused by 
systolic or diastolic dysfunction with 
similar accuracy in both settings. They 
are of major input to risk stratify pa-
tients with regard to the need for hos-
pital admission in case of suspicion of 
cardiac involvement in primary care. 
NPs levels are also powerful predictors 
of outcome and mortality in heart fail-
ure patients and can guide the therapy. 
They may also be helpful to screen for 
asymptomatic left ventricular dysfunc-
tion in high-risk patients (29).
In the context of idiopathic PAH, sev-
eral studies have investigated the per-
formance of natriuretic peptides. NT-
proBNP was increased in these patients 
and its concentration increased with the 
severity of the patients assessed by the 
NYHA functional classification. Fur-
thermore, compared to the other vari-
ables studied such as hemodynamics 
and walking test, NT-proBNP had the 
lowest level of overlap in the stratifica-
tion of patients. Therefore, NT-proBNP 
appeared to differ among the differ-
ent functional classes and correlates 
with other measures of disease sever-
ity (30). The BNP has also been shown 
to correlate with the functional status 
and prognosis of iPAH patients and 
could be a valuable parameter in this 
respect. BNP levels parallel changes in 
pulmonary hemodynamics and func-
tional parameters under treatment, in-
cluding the walking test (31). Further-
more, baseline NT-proBNP has been 
shown to be an independent predictor 
of mortality in a heterogenous group of 
patients with chronic precapillary PAH 

(32). Similar findings were observed 
for plasma BNP, and in particular, an 
increase in plasma BNP during follow-
up, may have a strong, independent as-
sociation with increased mortality rates 

in patients with iPAH (33).

B-type natriuretic peptides 
in systemic sclerosis
With respect to the various possible 
cardiac complications of SSc, includ-
ing primary and secondary heart in-
volvements, and integrating the impact 
and costs of repeated cardiac echocar-
diography, other screening methods 
may be advocated.  The use of natriu-
retic peptides may be considered in this 
aim. Regarding the burden of pulmo-
nary arterial hypertension, and taking 
into account that few symptoms are ob-
served until this complication becomes 
life-threatening; there is an urgent need 
for early detection and treatment. In 
a first study, we showed that elevated 
NT-proBNP concentrations (>90° per-
centile adjusted for age and sex), meas-
ured after wash-out of vasodilators, 
detected SSc patients with recent el-
evated systolic pulmonary artery pres-
sure (upper than 40 mmHg) with a sen-
sitivity of 90%, a specificity of 90%, a 
positive predictive value of 69%, and a 
negative predictive value of 96%. Fur-
thermore, the NT-proBNP levels corre-
lated with the sPAP (r=0.44; p=0.006). 
Therefore, NT-proBNP appeared to 
be a useful biologic marker to iden-
tify early elevated sPAP values in SSc 
patients without clinical heart failure 
(34). This was confirmed and extended 
in a series of 109 SSc patients includ-
ing 68 with SSc-PAH. It was found that 
NT-proBNP levels correlated with he-
modynamics and prognosis in patients 
with established PAH (35). Indeed, 
patients without PAH had a mean NT-
proBNP concentration of 139 pg/mL 
whereas NT-proBNP was 1474 pg/mL 
in SSc patients with PAH. Baseline 
NT-proBNP levels correlated positive-
ly with mean PAP (r=0.62; p<0.0001), 
pulmonary vascular resistance (r=0.81; 
p<0.0001), and inversely with walking 
distance (r=-0.46; p<0.0001). Among 
patients with SSc-PAH, 13 patients 
(19%) were in WHO functional classes 
II and had mean NT-proBNP levels of 
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325 pg/mL. Fifty-three patients (78%) 
were in WHO classes III and IV and had 
significantly higher mean NT-proBNP 
levels of 1677 pg/mL (p=0.02). Using 
a cut-off value of 395 pg/mL, the sen-
sitivity and specificity of NT-proBNP 
for predicting the presence of SSc-PAH 
were 56 and 95% respectively. Thus 
NT-proBNP levels directly relate to 
the severity of PAH. Some preliminary 
studies also suggested that NT-proBNP 
levels could be a useful marker for the 
response to therapy in patients with 
SSc-PAH secondary to SSc (36, 37). 
However, further data are needed to 
clarify the best strategy and tools to 
monitor PAH therapy in SSc and guide 
the therapeutic strategy.  
We recently performed a study aiming 
at the evaluation of predictors of PAH 
in a prospective cohort of patients with 
SSc (38). After a planned 36-month fol-
low-up, we evaluated the predictive val-
ue of different parameters for the devel-
opment of precapillary PAH, as demon-
strated by cardiac catheterization, in a 
cohort of 101 SSc patients. We observed 
that 8 patients developed PAH. Kaplan-
Meier analysis identified the following 
baseline parameters as being predic-
tors of PAH: DLCO/VA ratio <70% or 
<60% (p<0.01 for each comparison), 
elevated plasma NT-proBNP level 
(>97th percentile of normal; p=0.005), 
echocardiographically estimated systol-
ic PAP >40 mm Hg (p=0.08), and eryth-
rocyte sedimentation rate >28 mm/hour 
(p=0.015). In multivariate analyses, 
an elevated baseline NT-proBNP level 
(hazard ratio [HR] 9.97 [95% confi-
dence interval (95% CI) 1.69-62.42]) 
and a DLCO/VA ratio <60% (HR 36.66 
[95% CI 3.45-387.6]) were predictors 
of the occurrence of PAH during fol-
lowup. An increased NT-proBNP level 
together with a decreased DLCO/VA 
ratio of <70% was highly predictive of 
the occurrence of PAH during follow-
up (HR 47.20 [95% CI 4.90-450.33]) 
(38). As a consequence, the use of these 
markers should result in improved PAH 
risk stratification and allow earlier ini-
tiation of therapy.
Apart from its role in the detection/
management of PAH, natriuretic pep-
tides are also candidate markers for the 
detection of LV/RV dysfunction related 

to SSc, and may even represent “THE” 
marker of overall cardiac involvement 
by SSc. In this issue, we have recently 
investigated 69 consecutive patients 
suffering from SSc using echocardi-
ography, and integrating pulsed TDE 
measurements, and plasma NT-proBNP 
(39). Overall, 18 patients had mani-
festations of cardiac involvement, of 
whom 7 had depressed left ventricular 
and 8 depressed right ventricular myo-
cardial contractility, and 8 had elevated 
systolic pulmonary arterial pressure. 
In this study, we confirmed that NT-
proBNP correlated with pulmonary ar-
terial pressure and inversely correlated 
with LV contractility. Moreover, we 
demonstrated that NT-proBNP accu-
rately detected patients with depressed 
myocardial contractility and overall 
cardiac involvement (area under the 
curve 0.905 [0.814-0.996] and 0.935 
[0.871-0.996] respectively). Consider-
ing SSc patients with normal echocar-
diography and TDE as controls, and 
using a 125pg/ml cut-off concentration 
as recommended by the manufacturer 
for ambulatory patients, sensitivity 
and specificity were 92% and 71% in 
the detection of depressed myocardial 
contractility, and 94% and 78% for 
overall cardiac involvement (39). The 
main observation made in this study 
was the reliable detection of overall 
cardiac involvement by measurements 
of NT-proBNP including depressed LV 
and RV contractility as well as overall 
cardiac involvement by the disease. A 
broad application of these results may 
have important clinical and economic 
implications. The 18 patients with 
overall cardiac involvement represent 
approximately 25% of our entire popu-
lation, leaving approximately 75% of 
patients with an NT-proBNP plasma 
concentration <125 pg/ml and no car-
diac involvement. One might hypoth-
esize that echocardiography and pulsed 
TDE could be omitted in this latter 
group of patients, though this hypothe-
sis will need to be tested prospectively. 
The broad use of NT-proBNP might en-
able the screening of a larger number 
of patients presenting with SSc and, 
perhaps, screening at regular intervals, 
limiting the referral for more detailed 
cardiac investigations to those whose 

NT-proBNP plasma concentration is 
>125 pg/ml. Furthermore, the >90% 
positive predictive value of a >300 pg/
ml NT-proBNP concentration indicates 
a high likelihood of cardiac complica-
tions, and the need for further detailed 
and exhaustive investigations. 

Conclusion 
Heart involvement is frequent in SSc 
but often clinically occult. Once symp-
tomatic, it is of poor prognosis and can 
lead to life-threatening. Several dis-
tinct cardiac manifestations can occur 
including mainly RV and LV dysfunc-
tion (through primary or secondary 
involvements). PAH is a major source 
of end-stage heart failure. The clini-
cal symptoms together with Doppler 
Echocardiography are the first line tool 
to evaluate heart involvement in prima-
ry care setting. However, several lines 
of evidence have raised the major input 
of B-type natriuretic peptides in this 
context. Given the simplicity and wide 
availability of BNP and NT-proBNP 
assays, we recommend its use for the 
detection of any cardiac involvement in 
SSc patients, and believe that it might 
become the test of first choice to risk 
stratify and follow the cardiac status of 
patients with SSc. In a research agenda, 
further data are required to validate the 
use of a peptide assay before echocar-
diography in a general practice setting, 
to determine their prognostic value and 
their potential role for monitoring ther-
apies, especially in the setting of PAH.
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