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of deaths, and it was an independent mortality risk factor 
(HR 2.1, P =  0.02), but once CI was established, classi-
cal dcSSc mortality risk factors determined mortality. 
Patients with dcSSc developed CI faster than limited (HR 
1.9, P = 0.003) or sine SSc patients (HR 2.5, P = 0.002), 
specially during the first year after SSc onset. We found 
statistically significant differences between the 3 SSc sub-
sets in the presentation of pericardial involvement and heart 
failure. CI increased the mortality and appeared at a higher 
rate, especially during the first year after SSc onset. Screen-
ing for heart involvement should be performed at diagnosis 
and during follow-up.

Keywords  Systemic sclerosis · Fibrosis · 
Cardiomyopathy · Autoimmunity

Introduction

Systemic sclerosis (SSc) is a systemic disease that may 
affect many organs; among them, cardiac involvement (CI) 
has drawn attention in the last years. CI may be a direct 
consequence of SSc (primary CI) or secondary to other 
organ involvement, like right ventricular dilatation or 
hypertrophy due to pulmonary arterial hypertension (PAH). 
The pathogenesis of primary CI has been related to myo-
cardial fibrosis, but also to coronary vasospasm [1–4] and 
more recently to coronary artery disease [5–7]. CI may also 
be caused by concomitant conditions like cardiovascular 
risk factors among other diseases present in the general 
population.

A broad variety of clinical and subclinical manifes-
tations have been related to primary CI in SSc patients, 
including myocarditis, myocardial fibrosis, left ventricular 
systolic and diastolic dysfunction, myocardial ischemia and 
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coronary artery abnormalities, pericarditis and pericardial 
effusion, conduction alterations and valvular dysfunction 
[8].

The prevalence of CI may be significant among patients 
with CI. Ferri et al. [9] estimated in a study that 32 % of 
dcSSc patients and 23  % of lcSSc patients had CI. The 
cumulative risk of death for SSc patients with CI has been 
reported to be around 3.15, similarly to other important 
independent mortality risk factors like interstitial lung dis-
ease (ILD), PAH or renal involvement. CI usually devel-
ops in patients with other organ-specific alterations. It can 
account for 20–30 % of all the premature deaths in the SSc 
population [10]. Clinically apparent CI is associated with 
an increased risk of death, included as one of the items in 
the Medsger’s severity scale [11]. Therefore, early detec-
tion of CI may be essential for appropriate management of 
SSc patients [12]. However, so far, no consensus assess-
ment strategies have been established. CI can be present in 
three cutaneous SSc subsets (diffuse dcSSc, limited lcSSc 
and sine ssSSc), but dcSSc with rapid progression of skin 
thickness has been associated with an earlier CI onset and 
with an increased severity of the disease [13].

In first place, this study aimed to assess the prevalence 
of CI, primary or secondary, in a Spanish cohort of patients 
with SSc. The second objective was to describe the CI man-
ifestations present in patients classified in dcSSc, lcSSc, 
ssSSc and pre-scleroderma (preSSc) subsets, according 
to the modified LeRoy and Medsger classification [14]. 
Finally, we aimed to determine whether CI was an inde-
pendent risk factor for mortality in our cohort.

Materials and methods

Patient population

Patients from the Vall d’Hebron Universitary Hospital SSc 
cohort meeting the criteria for any of the groups included 
in the modified LeRoy and Medsger classification [14] and 
under active follow-up (minimum one yearly visit as outpa-
tients) from 1976 to 2011 were included in the study. The 
institutional review board of our center approved the pro-
ject, and no external financial funding was received.

Database management

CPS and VFP designed the original database and intro-
duced the data. Data were anonymized in order to pre-
serve patients’ privacy. CPS, VFP and AFC kept all data. 
AFC and IPF completed the data collection and, along with 
CPS and VFP, elaborate the design of the final dataset. Data 
were obtained from the SSc outpatient clinic and from the 
Internal Medicine ward in the Vall d’Hebron University 

Hospital, Barcelona, on the basis of our daily clinical 
practice. Clinical and epidemiological data from the medi-
cal records as well as results of the tests performed were 
included.

SSc subgroups

Patients were divided into four groups (dcSSc, lcSSc, 
ssSSc and preSSc) according to the extent of skin sclerosis, 
meeting the modified classification of LeRoy and Medsger, 
as defined elsewhere [15]:

•	 dcSSc: skin thickening extended proximally to elbows 
and knees or including trunk.

•	 lcSSc: skin sclerosis was confined distally to elbows 
and knees or face.

•	 ssSSc: absence of skin sclerosis and presence of 
Raynaud phenomenon or a peripheral vascular equiva-
lent (digital tip ulcers, abnormal nailfold capillaros-
copy), scleroderma clinical features [gastrointestinal 
hypomotility, interstitial lung disease (ILD), pulmonary 
hypertension (PH), scleroderma renal crisis (SRC) or 
typical CI], and antinuclear autoantibodies but without 
skin sclerosis.

•	 preSSc: absence of skin sclerosis and presence of 
Raynaud phenomenon plus any of the following: abnor-
mal nailfold capillaroscopy and/or SSc specific autoan-
tibodies.

Clinical and epidemiological variables

The analyzed data included the onset (considered as the 
moment the first symptom appeared, including Raynaud 
phenomenon) and death dates, the cause of death and other 
SSc-associated conditions. The cause of death was estab-
lished by the review by two clinicians of the death certifi-
cates and the clinical records. In case there was no agree-
ment or information for a definite cause of death, it was 
considered unknown. These conditions were assessed every 
3 to 6  months depending on the physician criteria. They 
were:

•	 Presence of digital ulcers at physical examination
•	 Esophageal involvement that consisted in hypomotil-

ity of the lower two-thirds of the oesophagus and/or 
decreased peristalsis, confirmed by manometry or cine-
radiographic studies.

•	 Capillaroscopic pattern: slow, active or normal as 
described by Maricq [16].

•	 ILD considered in patients meeting any of the follow-
ing criteria: restrictive pulmonary pattern with forced 
vital capacity below 80 % of expected value on respira-
tory function tests or pulmonary interstitial pattern evi-
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denced by high-resolution computerized tomography or 
by chest X-ray.

•	 PH when systolic pulmonary arterial pressure was 
estimated to be above 40  mmHg by Doppler echocar-
diogram [17] or when mean pulmonary arterial pressure 
was found to be equal or higher than 25 mmHg, deter-
mined by right-sided heart catheterization.

•	 SRC as defined by Traub et al. [18].

Cardiovascular risk factors like High blood pressure 
(HBP) diabetes mellitus and dyslipidemia were defined as 
indicated by the 2007 European consensus [19]. Smoking 
habit was assessed by asking patients whether they had ever 
smoked. The prescription of ACEI (angiotensin-converting-
enzyme inhibitors) or ARB (angiotensin receptor blockers), 
both in the same category, and calcium channel blockers 
(CCB) was reported. The indications for the prescription 
of these drugs were: SSc manifestations different from CI 
(Raynaud phenomenon, digital ulcers), SSc CI manifesta-
tions and non-SSc comorbidities.

On an immunological level, anti-centromere autoanti-
bodies (ACA) were detected by immunofluorescence assay 
on Hep-2 cell substrate. Anti-topoisomerase-I antibodies 
(ATA) were detected by immunoblotting.

Cardiac involvement

Given the large number of cardiac manifestations associ-
ated with SSc and the absence of a consensus definition, 
we considered that a patient had CI if any of the objective 
cardiologic tests was concordantly altered or if any of the 
associated medical conditions was reported. A yearly per-
protocol transthoracic echocardiography and an electro-
cardiogram were performed. Myocardial perfusion SPECT 
(under dipyridamole or cold stress conditions) or coronary 
angiography was performed if there was clinical suspicion 
of further CI. Cardiac manifestations associated with pri-
mary SSc involvement were included into the dataset.

Complementary procedures

•	 Transthoracic echocardiography: left ventricle hyper-
trophy (LVH) defined by a left ventricle mass index 
≥134 g/m2; left ventricle diastolic dysfunction (LVDD) 
defined by an E/A relation ≤1 and mitral decelera-
tion time  >240  ms; and measurement of left ventricle 
ejection fraction (LVEF) classifying results as  ≥50 
or <50 % as Allanore et al. [20]; presence of mitral or 
aortic regurgitation; presence of pericardial effusion.

•	 Dipyridamole and cold-induced stress myocardial per-
fusion SPECT (single-photon emission tomography): 
presence or absence of pathologic thallium myocardial 
perfusion [21, 22].

•	 Coronary angiography: angiographically significant 
lesions (a degree of stenosis ≥60 %) or coronary vasos-
pasm (absence of angiographically significant lesions 
and presence of epicardial spasm after infusion of ace-
tylcholine).

•	 Electrocardiogram: the presence of any of the follow-
ing: atrial fibrillation, ventricular extrasystoles, atrial 
flutter, supraventricular paroxysmal tachycardia, bundle 
and fascicular block, atrioventricular block, ventricular 
tachycardia [23]. Ultrasounds and electrocardiograms 
were performed by protocol. The rest of procedures 
were performed under suspicion of CI, suspected either 
clinically by an expert physician or by alterations in 
protocol testing.

Medical conditions

•	 Pericarditis or cardiac tamponade.
•	 Ischemic cardiopathy (documented myocardial infarc-

tion, angina, ischemic alterations in myocardial perfu-
sion SPECT or requirement of coronary revasculariza-
tion, surgical or percutaneous).

•	 Pacemaker bearing regardless of the type of arrhythmia.
•	 Sudden death.
•	 Congestive heart failure: as defined by the European 

Society of Cardiology [24].

Statistical analysis

Qualitative variables were expressed as percentages and 
absolute frequencies while quantitative variables were 
expressed as mean and standard deviation. For each spe-
cific statistical procedure, we excluded those patients who 
lacked any of the variables involved in that analysis. Stu-
dent’s t test and Chi-squared test or Fisher´s exact test, as 
appropriate, were used to compare quantitative and qualita-
tive variables among clinical groups.

To assess the influence of CI on mortality and of the 
type of SSc on CI, we compared the time to the onset of 
CI and the mortality from the onset of CI among SSc clini-
cal subsets. We also analyzed the mortality from SSc onset 
between patients with and without CI.

The Kaplan–Meier method was used to calculate sur-
vival estimates, and Cox proportional-hazards regression 
analysis was used to estimate hazard ratios (HR) that were 
adjusted for sex, age at SSc onset, ILD, PH and sclero-
derma renal crisis as potential confounding factors of the 
relationship between CI and mortality and also between the 
type of SSc with CI and death. For all Cox models, we plot-
ted scaled Schoenfeld residuals against follow-up time and 
found no violation of the proportional-hazards assumption.

Because this was an exploratory study, a two-sided 
p value of  <0.05 was considered significant for these 
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analysis, with no correction for multiple comparisons. 
Stata/SE 12 was used to perform the statistical analysis.

Results

Baseline characteristics

Three hundred and ninety-three SSc patients (of which 
90 % were women) were included in the study, and their 
distribution by subsets is shown in Table  1. One hundred 
and seventy-three (43  %) had some type of CI. Overall, 
nearby 50 % of the patients in the dcSSc group and in the 
lcSSc group had CI. Patients with CI were older at SSc 
onset (45.7  years vs. 39.9  years, P  <  0.001) and at SSc 
diagnosis (55.6 years vs. 47 years, P < 0.001) having sig-
nificantly more SSc manifestations and organ involvement 
than patients without CI. Regarding SSc cutaneous sub-
sets, a higher percentage of patients in the CI group had 
lcSSc (67 vs. 53 %, P = 0.004); on the contrary, ssSSc was 
more frequent in those patients without CI (30 vs. 12  %, 
P  <  0.001) (Table  1). Patients with CI and dcSSc were 
younger at diagnosis and at death. Moreover, the presence 
of digital ulcers, ILD, SRC, anti-topoisomerase I positivity 
and an active capillaroscopy pattern was more frequent in 
dcSSc. Finally, lcSSc and ssSSc patients with CI presented 
with anti-centromere antibody positivity and a slow capil-
laroscopy pattern more frequently than dcSSc and, lcSSc 

patients, compared to ssSSc, had significantly more digital 
ulcers and interstitial lung disease (Table 2).

Cardiac involvement among systemic sclerosis subsets

Patients with dcSSc were younger at CI onset, and the 
time from SSc onset to CI onset was shorter than in those 
with lcSSc or ssSSc. Moreover, congestive heart failure 
was more frequent in dcSSc (Table  3). Interestingly, aor-
tic regurgitation was significantly more frequent in lcSSc 
than in dcSSc (36 vs. 16 %, P = 0.02) and the pericardial 
involvement frequency was significantly associated with 
the type of SSc subset, higher in dcSSc than in lcSSc (46 
vs. 24 %, P = 0.01) or ssSSc (46 vs. 0 %, P < 0.001) and 
also in lcSSc, compared to ssSSc (24 vs. 0 %, P = 0.01). 
Other cardiologic manifestations were not significantly dif-
ferent between clinical subsets.

Cardiovascular treatments and risk factors were homog-
enously distributed among SSc subsets of patients, except 
for an increase frequency of treatment with calcium chan-
nel blockers in dcSSc patients than in those with lcSSc.

Mortality causes

Out of 173 patients with CI, 60 died during the study fol-
low-up period. PH (13 cases, 22 %) was the most impor-
tant cause of death, closely followed by cardiovascular 
disease, the second cause in our cohort (12 patients, 20 %: 

Table 1   Clinical and epidemiological characteristics of the patients depending on cardiac involvement

Total n = 393 Cardiac Involvement n = 173 No cardiac Involvement n = 220 P value

Cutaneous subset

 Diffuse 76 (19 %) 37 (21 %) 39 (18 %) ns

 Limited 232 (59 %) 116 (67 %) 116 (53 %) 0.004

 Sine SSc 57 (15 %) 20 (12 %) 37 (17 %) ns

 Pre SSc 28 (7 %) 0 (0 %) 28 (13 %) <0.001

Females 352 (90 %) 151 (87 %) 201 (91 %) ns

Age at onset [year (SD)] 42.4 (16.2) 45.7 (14.9) 39.9 (16.8) <0.001

Age at diagnosis [year (SD)] 50.8 (15.4) 55.6 (13.4) 47 (15.9) <0.001

Age at death [year (SD)] 65.6 (12.5) 66.2 (12.3) 63.5 (13.8) ns

Capillaroscopic pattern

 Slow 293 (74 %) 108 (77 %) 131 (72 %) ns

 Active 46 (14 %) 24 (17 %) 22 (12 %) ns

 Unspecific 38 (12 %) 8 (6 %) 30 (16 %) 0.003

Digital ulcers 117 (45 %) 94 (54 %) 83 (38 %) 0.001

Esophageal involvement 214 (54 %) 107 (62 %) 107 (49 %) 0.009

Interstitial lung disease 169 (43 %) 97 (56 %) 72 (33 %) <0.001

Pulmonary hypertension 77 (20 %) 66 (38 %) 11 (5 %) <0.001

Scleroderma renal crisis 16 (4 %) 11 (6 %) 5 (2 %) 0.04

Anti-centromere autoantibodies 147 (40 %) 66 (41 %) 81 (39 %) ns

Anti-topoisomerase I autoantibodies 66 (18 %) 35 (22 %) 31 (15 %) ns
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Table 2   Clinical and epidemiological characteristics of the patients with cardiac involvement depending on the SSc subset

a b c P value

dcSSc n = 37 lcSSc n = 116 ssSSc n = 20 a versus b a versus c b versus c

Females 31 (84 %) 100 (86 %) 20 (100 %) ns ns ns

Age at onset [years (SD)] 43.9 (12.1) 46 (15.3) 46.9 (17.7) ns ns ns

Age at diagnosis [years (SD)] 48.7 (13.1) 57 (12.9) 59.7 (12.6) 0.001 0.003 ns

Age at death [years (SD)] 58.1 (12.6) 69.2 (10.5) 79.0 (3) 0.001 0.03 ns

Capillaroscopic pattern

 Slow 13 (52 %) 76 (80 %) 19 (95 %) 0.004 0.002 ns

 Active 12 (48 %) 12 (13 %) 0 (0 %) <0.001 <0.001 ns

 Unspecific 0 (0 %) 7 (7 %) 1 (5 %) ns ns 1 (5 %)

Digital ulcers 28 (76 %) 64 (55 %) 2 (10 %) 0.027 <0.001 <0.001

Esophageal involvement 22 (59 %) 76 (66 %) 9 (45 %) ns ns ns

Interstitial lung disease 31 (84 %) 60 (52 %) 6 (30 %) 0.001 <0.001 0.073

Pulmonary hypertension 17 (46 %) 41 (35 %) 8 (40 %) ns ns ns

Scleroderma renal crisis 8 (22 %) 2 (2 %) 1 (5 %) <0.001 ns ns

Anti-centromere 2 (6 %) 54 (50 %) 10 (50 %) <0.001 <0.001 ns

Anti-topoisomerase I 23 (72 %) 11 (10 %) 1 (5 %) <0.001 <0.001 ns

Table 3   Cardiovascular risk factors and cardiac involvement according to the SSc subset

CI cardiac involvement, dcSSc diffuse cutaneous systemic sclerosis, lcSSc limited cutaneous systemic sclerosis, ssSSc sine scleroderma systemic 
sclerosis, LVEF left ventricle ejection fraction, ACEI/ARB angiotensin converter enzyme inhibitors/angiotensin receptor blockers

Total a b c P value

n = 173 dcSSc n = 37 lcSSc n = 116 ssSSc n = 20 a versus b a versus c b versus c

Cardiac involvement features

 SSc onset to CI onset [years (SD)] 14.6 (12.6) 9.2 (9.4) 15.9 (13) 16.93 (12.6) 0.004 0.01 ns

 SSc diagnosis to CI onset [years (SD)] 4.7 (6.4) 4.3 (5.5) 4.9 (6.9) 4.2 (5.4) ns ns ns

 Age at CI onset [years (SD)] 60.3 (12.2) 53.1 (12.5) 61.9 (11.2) 63.9 (12.9) <0.001 0.003 ns

 Dipyridamole SPECT ischemia/necrosis 25 (61 %) 4 (44 %) 19 (66 %) 2 (67 %) ns ns ns

 Cold stress SPECT ischemia/necrosis 22 (49 %) 4 (67 %) 16 (44 %) 2 (67 %) ns ns ns

 Coronary angiographic alterations 32 (19 %) 5 (14 %) 24 (21 %) 3 (15 %) ns ns ns

 Left ventricle hypertrophy 64 (37 %) 11 (30 %) 46 (40 %) 7 (35 %) ns ns ns

 Diastolic dysfunction 68 (40 %) 13 (35 %) 44 (38 %) 11 (55 %) ns ns ns

 Decreased left ventricle ejection fraction 7 (6 %) 1 (4 %) 6 (7 %) 0 (0 %) ns ns ns

 Mitral regurgitation 116 (67 %) 22 (59 %) 80 (70 %) 14 (70 %) ns ns ns

 Aortic regurgitation 52 (30 %) 6 (16 %) 41 (36 %) 5 (25 %) 0.02 ns ns

 Pericardial involvement 45 (26 %) 17 (46 %) 28 (24 %) 0 (0 %) 0.01 <0.001 0.01

 Conduction alterations 77 (45 %) 18 (49 %) 52 (45 %) 7 (35 %) ns ns ns

 Ischemic cardiomyopathy 68 (39 %) 13 (35 %) 46 (40 %) 9 (45 %) ns ns ns

 Congestive heart failure 45 (26 %) 15 (41 %) 27 (23 %) 3 (15 %) 0.04 0.05 ns

Cardiovascular risk factors and treatment

 High blood pressure 73 (42 %) 17 (46 %) 50 (43 %) 6 (30 %) ns ns ns

 Dyslipidemia 31 (18 %) 6 (16 %) 20 (17 %) 5 (25 %) ns ns ns

 Diabetes mellitus 11 (6 %) 3 (8 %) 7 (6 %) 1 (5 %) ns ns ns

 Smoking 18 (10 %) 4 (11 %) 13 (11 %) 1 (5 %) ns ns ns

 ACEI/ARB 70 (40 %) 20 (54 %) 43 (37 %) 7 (35 %) ns ns ns

 Calcium channel blockers 127 (73 %) 32 (86 %) 81 (70 %) 14 (70 %) 0.05 ns ns

 Statins 32 (19 %) 4 (11 %) 24 (21 %) 4 (20 %) ns ns ns
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9 from heart failure and 3 from ischemic cardiomyopathy) 
(Table 4). Regarding the causes of death among SSc sub-
sets, ILD and SRC were more frequent in patients with 
dcSSc than in those with lcSSc, while PH was more fre-
quent in lcSSc than in dcSSc.

Survival study

Regression study confirmed cardiac involvement as an 
independent risk factor for mortality in SSc patients 
(adjusted HR 2.1; 95 % CI 1.1 to 3.8; P = 0.02), together 
with the age at SSc onset and the presence of ILD, PH and 
SRC (Table 5). Accordingly, unadjusted 10-year survival in 
patients with cardiac involvement was 90 %, compared to 
98 % in patients without this manifestation (Fig. 1).

Finally, death risk after the onset of CI was associated 
with the traditional SSc mortality risk factors: SSc subset 
(lower in ssSSc than in lcSSc or dcSSc) (Fig. 2), age and 
presence of ILD, PH and SRC (Table 5).

Risk factors for developing cardiac involvement

dcSSc patients had an increased hazard of CI, compared to 
both lcSSc (adjusted HR 1.9; 95 % CI 1.2 to 2.9; P = 0.003) 
and ssSSc (adjusted HR 2.5; 95 % CI 1.4 to 4.6; P = 0.002). 
It is interesting to point out the rate at which CI increased 
during the first year after the onset of the disease in dcSSc 
patients and stabilized afterward, compared to other SSc sub-
sets (Fig. 3). Aside from the SSc subset, SRC and, obviously, 
age at SSc onset were also hazard factors for CI (Table 5).

Table 4   Causes of death in patients with systemic sclerosis and cardiac involvement

dcSSc diffuse cutaneous systemic sclerosis, lcSSc limited cutaneous systemic sclerosis, ssSSc sine scleroderma systemic sclerosis, PH pulmo-
nary hypertension, ILD Interstitial lung disease
a  Liver cirrhosis: 2 patients. Chronic obstructive pulmonary disease: 1 patient. Sepsis: 1 patient

All a b c P value

n = 60 dcSSc n = 19 lcSSc n = 39 ssSSc n = 2 a versus b a versus c b versus c

PH 13 (22 %) 1 (5 %) 12 (31 %) 0 (0 %) 0.05 ns ns

Malignancy 10 (17 %) 3 (16 %) 7 (18 %) 0 (0 %) ns ns ns

Scleroderma renal crisis 9 (15 %) 6 (32 %) 2 (5 %) 1 (50 %) 0.008 ns ns

Heart failure 9 (15 %) 2 (11 %) 7 (18 %) 0 (0 %) ns ns ns

ILD and PH 6 (10 %) 1 (5 %) 5 (13 %) 0 (0 %) ns ns ns

ILD 4 (7 %) 4 (21 %) 0 (0 %) 0 (0 %) 0.007 ns ns

Ischemic cardiomyopathy 3 (5 %) 1 (5 %) 1 (3 %) 1 (50 %) ns ns ns

Othersa 6 (10 %) 1 (5 %) 5 (13 %) 0 (0 %) ns ns ns

Table 5   Adjusted hazard ratios of mortality and cardiac involvement

dcSSc diffuse cutaneous systemic sclerosis, lcSSc limited cutaneous systemic sclerosis, ssSSc sine scleroderma systemic sclerosis, PH pulmo-
nary hypertension, ILD interstitial lung disease

Mortality from SSc onset Mortality from CI onset CI from SSc onset

Adjusted HR (95 % CI) P value Adjusted HR (95 % CI) P value Adjusted HR (95 % CI) P value

Cardiac involvement 2.1 (1.1–3.8) 0.02 – – – –

SSc subset

 dcSSc versus lcSSc 1.5 (0.9–2.7) 0.1 1 (0.5–1.9) 0.9 1.9 (1.2–2.9) 0.003

 dcSSc versus ssSSc 8.7 (2.5–30.3) 0.001 7.3 (1.6–33.9) 0.01 2.5 (1.4–4.6) 0.002

 lcSSc versus ssSSc 5.6 (1.7–18.9) 0.006 7.7 (1.8–33.6) 0.007 1.3 (0.8–2.2) 0.3

Interstitial lung disease 2.3 (1.4–3.8) 0.001 2.1 (1.2–3.8) 0.01 1 (0.7–1.4) 0.9

Pulmonary hypertension 2.1 (1.3–3.4) 0.003 2.2 (1.3–3.7) 0.002 1.1 (0.8–1.5) 0.6

Scleroderma renal crisis 30.6 (12.8–73.5) <0.001 28.1 (10.9–72.3) <0.001 3.1 (1.5–6.1) 0.002

Age 1.06 (1.05–1.08) <0.001 1.05 (1.02–1.07) <0.001 1.06 (1.05–1.08) <0.001

Gender 1.2 (0.6–2.4) 0.6 1.3 (0.6–2.9) 0.4 1.5 (0.9–2.4) 0.1
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Discussion

CI in SSc is a multifaceted problem. Many depictions of 
CI-related alterations or conditions have been described 
in medical literature [8]. Despite the fact that definite SSc 
CI criteria do no exist, and authors have used different 
definitions in their papers, CI has been strongly related to 
increased mortality rates by international meta-analysis 
focusing on death causes [10, 25, 26]. Issues like hypothet-
ical differences between cutaneous subsets are still insuf-
ficiently studied.

We performed a retrospective cohort study based on a 
393 single-center Spanish cohort of patients. One hundred 
and seventy-three individuals showed clinical or subclini-
cal CI. The most common CI manifestations were mitral 
regurgitation, conduction alterations and left ventricle dias-
tolic dysfunction. CI appeared earlier and was more preva-
lent in dcSSc. Congestive heart failure was more common 
in dcSSc, and pericardial involvement showed a frequency 
gradient over SSc subsets (dcSSc  >  lcSSc  >  ssSSc). CI 
accounted directly for 20 % of deaths. A twofold mortal-
ity in patients with SSc was observed for those affected by 
CI. dcSSc proved to be an independent risk factor for CI, 
specially during the first year of the disease. Once CI was 
established, classical SSc risk factors (SSc subset, ILD, 
PH, SRC and age) influenced mortality.

The analysis of the baseline data of all the series, includ-
ing epidemiology, non-cardiac organic involvement and 
immunology, was all coherent with results from our own 
National registry series [15] and the EUSTAR [27] regis-
try. Patients with CI presented other SSc organ involve-
ment more than the non-CI group, SSc started earlier, and 
less patients presented ssSSc. Therefore, it seems that SSc 
patients with CI suffer from a more severe disease, as it will 
be discussed further on. Although autoantibodies may play 
a determinant role in SSc [28], anti-centromere and anti-
topoisomerase I antibodies were evenly distributed among 
patients with and without CI. Other antibodies could have 
more influence at this level and may motivate directed stud-
ies in the future. Male gender has been associated with a 
higher incidence of heart involvement [29], but, on the con-
trary, we did not find this phenomenon in our cohort.

Globally, the prevalence of the diverse CI alterations and 
explorations in the 393-patient sample are in concordance 

Fig. 1   Kaplan–Meier curves and hazard ratios for survival depending 
on cardiac involvement. Survival probability and the number of par-
ticipants who were at risk at the beginning of each interval are shown 
below the graph

Fig. 2   Kaplan–Meier curves and hazard ratios for survival in patients 
with SSc and cardiac involvement divided by cutaneous subsets. Sur-
vival probability and the number of participants who were at risk at 
the beginning of each interval are shown below the graph

Fig. 3   Kaplan–Meier curves for the rate of developing cardiac 
involvement since the onset of SSc divided by cutaneous subsets. 
Survival probability and the number of participants who were at risk 
at the beginning of each interval are shown below the graph
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with the ones reported in 2011 by Desai et  al. [12], who 
collected the prevalence of diverse CI conditions from 
many separate observational studies in a review article. 
Again, CI resulted to appear earlier in life and to develop 
in less time from the SSc onset in the dcSSc subset than 
in the other groups. These findings correspond to the ones 
reported in an Italian study in 2014, the only paper in litera-
ture that has tried to assess differences between dcSSc and 
lcSSc in patients with SSc and CI in a series of 171 patients 
[30]. They found that 63.9–45.7 % (depending if valvular 
abnormalities were minor or not) of the patients presented 
CI versus an overall of 44 % in our study. Unlike in that 
case, we have found significant differences in pericardial 
involvement and congestive heart failure, already described 
above. The rest of the CI features did not present differ-
ences between SSc subsets.

Decreased LVEF was uncommon, as in other series (4 vs 
5.6 %) [20]. The presence of LVDD ranged from 17.7 % in a 
large cohort using traditional Doppler echocardiography [31] 
to 63 % in the latest studies performing tissue Doppler echo-
cardiography [32]. Forty percent of our patients had LVDD, 
the third alteration in frequency after mitral regurgitation and 
conduction alterations. Although it may be influenced by age 
or cardiovascular risk factors, it is considered a key feature 
in SSc CI appearing after myocardial fibrosis and it may be 
associated with an increased risk of mortality [33]. Mitral 
and aortic regurgitation were found in a very significant 
number of patients in our study in comparison with a nation-
wide French study [30], but in that article, patients with sig-
nificant valvular disease were excluded. Aortic regurgitation 
was remarkably more frequent in patients with lcSSc than 
in those with dcSSc in our study, but these results have to 
be interpreted with caution known that it was not designed 
to assess the degree of valvular pathology. Nonetheless, the 
presence of mild valvular alterations was well described 
years ago [22], and recent review works confirm their preva-
lence [33]. Valvular alterations may constitute subclinical 
manifestations of SSc, and thus, directed studies should be 
conducted to assess their extent and progression rate.

Conduction alterations were present in 22.9  % of our 
patients, as in other series [33]. Atrial fibrillation was the 
most common one, but right bundle branch block, recently 
described as an independent predictor of mortality [34], 
was also found in 25 patients (6  %). Only four patients 
required a pacemaker. Cardiovascular risk factors and drugs 
were similarly distributed among patients with and without 
CI with the exception of CCB. CCB were more frequently 
prescribed in dcSSc, probably because of the greater pres-
ence of digital ulcerations in this subgroup of patients.

Prognosis for patients with CI seems worse [35–37], 
accounting for at least 29 % of SSc-related deaths in a 2011 
meta-analysis [38], although it may be underestimated due 
to the difficulty to discern between primary and secondary 

cardiac involvement. In our study, mortality among patients 
with SSc and CI due to heart involvement (heart failure and 
ischemic cardiopathy) represented 20  % of the deceases. 
According to previous reports, CI doubled the mortality 
rate in SSc patients, considered an independent mortality 
risk factor along with ILD, PH, SRC and age [39].

Moreover, CI rate proved to be increased in dcSSc, 
especially during the first year after SSc onset, stabiliz-
ing afterward. Even if it could be argued that the sharp 
increase in the CI rate during the first year may be due 
to detection of prevalent undiagnosed CI during the ini-
tial workup of dcSSc patients, the same workup was per-
formed for the rest of SSc patients and this effect was not 
observed. Consequently, we believe this finding can be 
applied to practice, suggesting that, as in the case of other 
SSc target organs, during the first year after the onset of 
disease, dcSSc patients may have a greater risk to develop 
CI. To this day, solely the combination of annual echo-
cardiography and tissue Doppler with a determination of 
brain natriuretic peptide has been proposed as screening to 
detect CI in SSc. The rest of heart-related tests should be 
performed in the case of concrete clinical manifestations 
[12]. Further studies are warranted to assess the best ini-
tial screening to detect CI in these patients and the optimal 
therapeutic strategy once it is established.

The long follow-up of our cohort may rise worry about 
secular trend bias, to assess this point we stratified our 
cohort between patients with SSc onset before and after 
1990 and did not find any difference between the two 
groups of patients in the analysis contained in this paper 
(“Electronic Supplementary Material”). The fact that there 
is no specific treatment for SSc CI, unlike for SRC or PAH, 
may explain this phenomenon.

The main limitations of our study were: the use of an 
historic cohort, the absence of a control group, the ret-
rospective collection of data and the limited number of 
patients. Authors would like to point the low number 
of men enrolled (10  %) and the high frequency of ssSSc 
(15  %). Authors used the Maricq capillaroscopic patterns 
known that newer criteria were not available at the begin-
ning of the study. The lack of an internationally accepted 
definition of CI in SSc was a strong limitation in terms 
of establishing strict inclusion criteria. Moreover, the dif-
ficulty of establishing the etiology of the CI, related with 
SSc or unrelated, was another limitation. We tried to 
include all CI alterations described in literature in order to 
avoid underestimating SSc heart disease.

Conclusions

In summary, cardiac involvement is a frequent compli-
cation in SSc patients and an independent mortality risk 
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factor. Moreover, dcSSc may increase the hazard of early 
cardiac involvement, predominantly during the first year 
after the onset of the disease. Therefore, screening for heart 
involvement should be conducted actively in all SSc sub-
jects in order to assess the progression of the disease.
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