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ABSTRACT
Objective: To prospectively assess late cardiac involvement in asymptomatic patients with system-
ic sclerosis (SSc). Patients and Methods: Sixty-six selected patients (60 women, 41 with diffuse
SSc), aged 50.3+12.4 years (mean+SD) with at least a 3-year disease duration (8.2+5.9) having
left ventricular ejection fraction (LVEF) >55% by ultrasound were followed-up every 3-6 months for
5.5+2.1 years (range 3-10). A 12-lead electrocardiogram and 24-hour heart rate recording were
performed at least annually and every 1-3 years, respectively. None were receiving bosentan or
iloprost at baseline. Results: Baseline electrocardiographic abnormalities included incomplete
(10.6%) and complete right bundle branch block (1.5%), left bundle branch block (6.0%), left an-
terior hemiblock (6.0%) and LV hypertrophy (1.5%). Baseline LV diastolic dysfunction and systolic
pulmonary pressure >40mmHg were also found by ultrasound in 15.1% and 21.2%, respectively.
During follow-up, no myocardial infarction or cardiac death occurred, but 4.5% and 2.1% of patients
developed pericarditis and atrial fibrillation, respectively, and 6.1% needed pacemaker implantation.
Although none of the patients developed heart failure at follow-up end, the mean LVEF decreased
significantly. At follow-up end, the use of calcium channel blockers and angiotensin-converting
enzyme inhibitors administration was not increased, but 16.7% and 22.7% of patients were on an-
ti-arrhythmic drugs and bosentan, respectively. No major differences in
evolution and management between diffuse and limited SSc were noted.
Conclusion: Late cardiac involvement is common but relatively benign
in a typical contemporary SSc cohort, probably due to prompt diagnosis
B o M, P @nd improved therapeutic approaches.
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INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue disease
characterized by widespread vascular lesions and fi-
brosis of the skin and internal organs, resulting in in-
creased morbidity and mortality. The leading cause of
mortality is cardiac involvement which may occur early
or late in the disease course.'? Although the frequency
of cardiac abnormalities has been identified in autopsy
series in more than 80% of the patients, a clinical diag-
nosis of cardiac involvement is made much less often,
especially in patients with active lung disease.®® Car-
diac involvement includes pericardial and myocardial
disease and also disorders of cardiac rhythm and con-
duction.” Typical pathological findings include dissemi-
nated plaques of myocardial fibrosis, normal epicardial
coronary arteries and arteriolar concentric intimal hy-
pertrophy, which leads to impaired coronary reserve.®®
A multitude of electrocardiographic abnormalities have
been described in patients with SSc, but the preva-
lence of such disorders varies greatly, ranging from 9 to
98 percent.’®!" Abnormalities reported have included
atrial (20-30%) and ventricular arrhythmias (7-13%),'"-14
and conduction system disease including right and left
bundle branch block and heart block (2-7%).1"18.15-17
Conduction defects and arrhythmias are thought to be
a result of fibrosis or ischemia of the conduction sys-
tem.® Left ventricular hypertrophy has been noted both
with and without systemic hypertension.'®'"'® Similarly,
right ventricular hypertrophy has been reported.' 1617
A recent meta-analysis of literature revealed that the
standardized mortality ratio in SSc has not significantly
changed over the past 40 years." However, other
evidence suggests that survival has been improved
during the last decade.?® The present prospective
study was carried out to evaluate the incidence and
evolution of late cardiac involvement and describe
its management in contemporary SSc patients who
survived the first 3 years after disease onset without
clinically overt cardiac disease.

PATIENTS AND METHODS

Sixty-six adult patients (60 women) with SSc of at least
3 years duration (range 3-22 years) and having no clin-
ical evidence of cardiac involvement and left ventricular
gjection fraction (LVEF) higher than 55% by echocardi-
ography, participated in this observational study which
was conducted between 2002 and 2012 in our centre.
At baseline, none had a history of coronary artery dis-
ease, valvular or congenital heart disease, hypertrophic
cardiomyopathy, chronic obstructive pulmonary dis-
ease, renal failure, diabetes mellitus, or arterial hyper-
tension prior to SSc diagnosis; serum concentrations
of thyroid hormones were within normal limits in all
patients. Moreover, none of these patients at baseline
was receiving anti-arrhythmic drugs. Patients where
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followed up for at least 3 years from baseline (mean
5.5+2.1, range 3-10 years).

Complete clinical and laboratory evaluation, standard
electrocardiography (ECG), 24-hour ambulatory ECG
recordings, transthoracic echocardiography, high-res-
olution computed tomography (CT) of the chest and
lung function tests, including measurements of forced
vital capacity (FVC), total lung capacity (TLC), and dif-
fusing capacity for carbon monoxide (DLCO), as de-
scribed were performed at baseline.?’ Patients were
clinically followed up every 3-6 months. ECG, echocar-
diography and the lung function tests were performed
at least annually, whereas 24-hour ECG recordings
were performed at least every 1-3 years. Immediate
decisions and pharmaceuticals interventions were
made according to the findings.

The study complied with the Declaration of Helsinki and
was approved by the Institutional Ethics Committee. All
participants provided informed consent.

Electrocardiography and 24-hour ambulatory
electrocardiography recordings

A 12-lead digital ECG (CardioControl NV, Netherlands)
was recorded in the supine resting position for 5 min.
Twenty-four hour recordings started between 11.00
a.m. and 12.00 a.m. using a three-channel record-
er (version 3.1 ELA Medical, France). All arrhythmias
and conduction system abnormalities were record-
ed. Ventricular arrhythmias were categorised accord-
ing to Lown and Wolf Classification,?? as class 0 (no
ventricular ectopic beat); class | (<720 ventricular ec-
topic beats/24h); class Il (=720 ventricular ectopic
beats/24h); class Ill (multiform ventricular extrasystole
or bigeminal or trigeminal extrasystole); class IVA (ven-
tricular extrasystoles in couplets); class IVB (non-sus-
tained ventricular tachycardia); and class V (ventricular
extrasystole of the R-on-T type).

Echocardiographic measurements

Standard echocardiographic examination was always
performed by the same experienced operator (Hew-
lett-Packard, Sonos 2500, Andover, Massachusetts,
USA). The left ventricular ejection fraction (LVEF) was
calculated by the method of Simpson.®*?* The ear-
ly diastolic peak flow (E) and atrial peak flow (A) were
recorded by the pulse wave Doppler with the sample
volume at the tip of the mitral leaflet. The E/A ratio, the
isovolumic relaxation time as well as the deceleration
time of E wave, were calculated as indicators of LV di-
astolic function.?® Pulmonary artery systolic pressure
(PASP) was estimated by continuous wave Doppler re-
corded in the apical four-chamber or parasternal short
axis view as the peak systolic pressure gradient across
the tricuspid valve (peak regurgitation velocity) plus the
estimated right atrial pressure.?® PASP >40 mmHg was
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defined as abnormal.?® Detailed valvular and pericar-
dial evaluation was assessed by two-dimensional and
Doppler (color, PW, CW) images.

Statistical analysis

Continuous variables were compared using t-tests (or
non-parametric equivalent when appropriate). Categorical
variables were compared using the chi-squared statistic.
Results are presented as the meanzstandard deviation
(SD) or percentage, or as median values (50" quartile) with
interquartile ranges (25" to 75" quartiles), as appropriate. A
p-value less than 0.05 was considered significant.

RESULTS

Table 1 summarizes SSc patients’ characteristics at
baseline and at the end of the follow-up. Fourteen
patients (21.2%) had elevated PASP and 10 (15.1%)
diastolic dysfunction of LV at baseline. Among the 66
patients, 7 (10.6%) and 1 (1.5%) had incomplete and
complete right bundle branch block (RBBB), respec-
tively, 4 had left bundle branch block (LBBB) (6.0%),
4 had left anterior hemiblock (LAH) (6.0%) and one
(1.5%) had LV hypertrophy (Table 2). Ten patients
had Lown class IV ventricular arrhythmias (5 patients
had couplets of ventricular beats and 5 patients had
non-sustained ventricular tachycardia). None present-
ed an R-on-T phenomenon (Lown class V) (Table 3).
Furthermore, serious ventricular arrhythmias were as-
sociated with PASP>40mmHg (p=0.016), especially in
the limited type of the disease (p=0.044), with a tenden-
cy to occur in subjects with oesophageal involvement

(p=0.058). Notably, more than one half of the patients
with PASP>40mmHg developed serious ventricular ar-
rhythmias (Lown>IV).

During a follow—up period of 5.5+2.1 years (range 3-10),
4 patients died from other than primary cardiac causes
(pulmonary failure, respiratory infection, renal crisis and
pulmonary arterial hypertension, respectively). None of
the patients developed symptomatic coronary artery
disease. Three patients developed pericarditis (4.5%)
and 1 hypertrophic cardiomyopathy (1.5%). Additionally,
8 patients (12.1%) developed atrial fibrillation and four
patients (6.0%) had a pacemaker implanted (3 and 1
for atrio-ventricular block and tachycardia-bradycardia
syndrome, respectively) (Table 4). No significant change
regarding the number of patients with elevated PASP
was observed when comparing baseline and follow-up
end. However, there was a significant increase in the
number of patients with diffuse SSc and LV diastolic
dysfunction (p=0.0127) (Table 1). The patients with
disease duration >5 years when entering the study were
more prone to develop diastolic dysfunction at the end
of the study (p=0.01). Furthermore, although none of the
patients developed systolic dysfunction of the LV, there
was a significant reduction of LVEF (p=0.049) (Table 1).
Table 3 shows the evolution of the ventricular
arrhythmias. At follow-up end, episodes of serious ar-
rhythmias (Lown class>3) were not increased, although
there was a significant reduction of the patients without
ectopic beats (Lown class 0, p=0.016).

As shown in Table 5, the use of cardiological drugs was
increased from baseline through follow-up end, while

Table 1. Characteristics of patients with SSc at baseline and after 5.5+2.1 years (range 3-10)*.

All patients Diffuse skin involvement Limited skin involvement
. Follow-up . Follow-up . Follow-up
Baseline end p Baseline end p Baseline end p
n 66 66 41 41 25 25
Men/women 6/60 6/60 4/37 4/37 2/23 2/23
Age (years) 50.3+12.4 | 55.8+12.6 491+ 11.6 | 54.6+11.8 52.4+13.6 57.9+13.8
Disease duration | 5, 59 | 37,7 83:6.1 | 13774 82+ 58 | 137:65
(years)
Scl70 positive (%) 40 (60.6) | 40(60.6) 34 (82.9) 34 (82.9) 6 (24) 6 (24)
ACA positive (%) 18 (27.3) | 18(27.3) 1(2.4) 1(2.4) 17 (68) 17 (68)
PASP>40 mmHg (%) | 14(21.2) | 10(15.1) NS 6 (14.6) 6 (14.6) NS 8(32) 4 (16) NS
LVEF (%) 60.7+5 | 59.3+4.4 | 0.049 | 61.2+4.7 59.9+4.1 NS 59.9+ 5.5 58.4+4.8 NS
D'aSt°gflj',y(f,2“)"°t'°“ 10(151) | 25079 |0.0026| 7(17.4) | 17@418 | 002 | 3(12) 832 | NS

* For patients who died, data recorded at their last follow-up evaluation are presented.
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Table 2. Baseline Electrocardiographic findings in patients with SSc.

All patients Diffuse skin involvement Limited skin involvement
(n=66) (n=41) (n=25) P

LBBB, n (%) 4 (5.8) 2 (50) 2 (50) 0.56
RBBB, n (%) 1(1.5) 0(0) 1 (100) 0.33
Incomplete
RBBB, n (%) 7(10.6) 4(57.1) 3 (42.9) 0.99
LAH, n (%) 4 (6.0) 4 (100) 0(0 0.24

LVH,n (%) 1(1.5) 4 (100) 0(0) 0.99

LBBB: Left Bundle Branch Block, RBBB: Right Bundle Branch Block, LAH: Left Anterior Hemiblock, LVH: Left

ventricular Hypertrophy.

Table 3. Evolution of ventricular arrhythmias.

Lown class

Baseline n (%) Follow-up end n (%) p

0 11(16.6) 2 (3.2) 0.016
1 35 (63) 45 (68.2) NS
Il 5 (7.6) 10 (15.85) NS
1] 5 (7.6) 1(1.59) NS
IVA 5 (7.6) 5 (7.9)°% NS
IVB 5 (7.6) 3(4.76) NS
Vv 0(0) 0(0) NS

'3 patients are paced.
$1 patient is paced.

Table 4. Characteristics of late cardiac involvement in previously asymptomatic patients with SSc during 5.5 years

of follow-up.
s Diffuse skin Limited skin
Characteristics All (ﬁfgg)nts involvement involvement p
= (n=41) (n=25)
Pericarditis (%) 3 (4.5) 3 (100) 0 (0) 0.5
Cardiomyopathy (%) 1(1.5) 1 (100) 0(0) 0.99
Atrial fibrillation (%) 8(12.1) 5 (62.5) 3 (37.5) 0.99
Pacemaker (atrioventricular block,
tachycardia-bradycardia syndrome) 4(6.0) 2 (50) 2 (50) 0.56
Table 5. Cardiological drugs at baseline and follow-up end.
All patients Diffuse skin involvement :;:\Iglt\?gn?grl:
(n=66) (%) (n=41) (%) (n=25) (%)
. Follow-up ; Follow-up ; Follow-up
Drugs Baseline end Baseline end Baseline end
Cads channel 32485 | 34(B15 | 20488 | 22(B37) | 1248 12 (48)
ACE inhibitors 14 (21.2) 16 (24.2) 10 (24.4) 13 (31.7) 4 (16) 3(12)
AT1antagonists 3 (4.5) 4 (6.0) 2 (4.9) 2(4.9) 1(4) 2 (8)
Antiplatelet agents 17 (25.7) 17 (25.7) 13 (31.7) 13 (31.7) 4 (16) 4 (16)
Diuretics 4 (6.0) 6 (9.0) 2(4.9) 3(7.3) 2 (8) 3(12)
Antiarrhythmics 00 11 (16.7) 00 6 (14.6) 00 5 (20)
Anticoagulants 0(0) 3(4.5) 0(0) 2 (4.9 0(0) 1(4)
Endothelin inhibitors 0(0) 15 (22.7) 00 12 (29.2) 00 3(12)
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16.7% and 22.7% of the patients were using anti-arrhyth-
mic drugs and endothelin inhibitors, respectively, at the
end of the study. Finally, statistical analysis did not reveal
major differences in evolution and management of late
cardiac involvement between diffuse and limited SSc.

DISCUSSION

To the best of our knowledge, this is the first prospective
cardiological study in asymptomatic SSc patients who
survived the first 3 years of the disease. The results
show that about 1 out of 5 of such patients, with mean
disease duration of 8 years at baseline, will develop
atrial fibrillation or need pacemaker implantation during
the next 5 years, irrespective of the extent of skin in-
volvement. In the larger cross-sectional study to date,
183 SSc patients underwent 24-hour Holter recording;
ventricular ectopy occurred in 67% of patients, while
episodes of ventricular tachycardia were also observed
in 7% of patients. Importantly, the presence of ventric-
ular ectopy has been strongly correlated with total mor-
tality and with sudden cardiac death.?” Consistent with
our findings, ventricular tachycardia runs were present
in 8% of SSc patients.?® These types of arrhythmias
are considered serious since they increase the risk for
sustained ventricular tachycardia, ventricular fibrillation
and sudden cardiac death even in apparently healthy
individuals.?®% In the present study, an association
between elevated PASP and Lown classes>3 was
observed. Furthermore, at follow-up end, episodes of
Lown class>3 were not increased, probably because
the patients were under very close monitoring and im-
mediate decisions were made regarding their treatment
with anti-arrhythmic drugs.

Elevated PASP by echocardiography was found in 21.2
and 15.15% of patients during the first and the last re-
cording, respectively. It should be noted that no endo-
thelin inhibitors were administered to the patients when
entering the study, while there was an extensive use
of them during the follow up, mainly for the treatment
of digital ulcers. This fact may explain the absence of
PASP deterioration. On the other hand, none of the pa-
tients underwent right heart catheterization, which is
the ‘gold standard’ for the diagnosis of PAH.

The use of calcium-channel blockers has been shown
to exert a protective role against the development of
LV dysfunction in different series.?3'-% Since about half
of our patients were on these drugs at baseline, this
may explain why none had a LVEF lower than 50% at
follow-up end. Because microvascular functional and
structural abnormalities rather than macrovascular
coronary involvement characterize SSc,3* calcium
channel blocker administration may also explain the
absence of fatal cardiovascular events in our cohort
which does not comprise patients with diabetes or
history of coronary artery disease.

The presence of diastolic dysfunction in patients with
SSc has been extensively described.?4%-%¢ Howev-
er, the distinction between pathological findings and
age-related changes or other confounding factors may
be hard to ascertain. In the largest cross-sectional
study, the authors reported the presence of diastolic
abnormalities in 101 of 570 patients (17.7%). Howev-
er, 48 (8.4%) patients had a restrictive mitral flow pat-
tern, which is unequivocally abnormal, while 53 (9.3%)
patients had delayed diastolic relaxation, which, in the
absence of a control group, does not allow formal con-
clusions to be made.? In one controlled study, using
pulsed TDE, 30 of 100 patients had definite abnormal
left ventricular filling.®” Overall, the prevalence of dia-
stolic dysfunction was increased compared with age
and gender-matched controls,®” and ranged from 17 to
30%.25%7 Our results are consistent with the above; the
presence of diastolic dysfunction increased significant-
ly from 15.1% of patients at baseline to 38% at the end
of the follow-up. Patients with diffuse SSc and those
with disease duration>5 years when entering the study
were more prone to developing diastolic dysfunction.
Finally, pericarditis occurred in only 4.5% of patients
during follow-up. Pericardial involvement in autopsy
studies has been reported in 77.5% of SSc patients.®
Pericardial effusion has been noted in 43% of patients
versus 4% of controls, but only 14% had a significant
effusion, according to a controlled study.®®
Acknowledging the relatively small sample size of this
study, we conclude that late cardiac involvement is
common but relatively benign in a typical contemporary
SSc cohort, irrespective of the extent of skin involve-
ment. Notably, asymptomatic patients commonly de-
velop atrial fibrillation or need pacemaker implantation
over the next years. Overall, our results suggest that
optimal care, which includes at least annual screening
and the use of innovative drugs in combination with
the conventional cardiological drugs, may prevent fatal
cardiovascular events in these patients.
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