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Objectives: We aimed to evaluate left and right ventricular functions with different echocardiographic methods
in asymptomatic patients with diffuse scleroderma (SSc).

Amaç: Asemptomatik diffüz skleroderma (SSc) hastalarında sağ ve sol ventrikül fonksiyonlarının değişik
ekokardiyografik yöntemler ile değerlendirilmesi amaçlanmıştır.

Patients and Methods: Twenty diffuse SSc outpatients, asymptomatic with regard to cardiac symptoms
and twenty healthy control subjects were enrolled.
Conventional left ventricular (LV) and right ventricular
(RV) echocardiographic measurements, pulsed wave
tissue Doppler imaging (TDI) and myocardial performance indexes (MPI) were evaluated.

Hastalar ve Yöntemler: Çalışmaya kardiyak açıdan
asemptomatik olan 20 diffüz SSc tanılı ayaktan hasta
ile 20 sağlıklı kontrol dahil edildi. Konvansiyonel ekokardiyografik yöntemler ile sol (LV) ve sağ (RV) ventrikül
ölçümleri, doku Doppler görüntüleme (TDI) ve miyokard
performans indeksleri (MPI) değerlendirildi.

Results: Both left (LV early to atrial peak velocity ratio:
p<0.02, LV isovolumic relaxation time: p<0.03, LV deceleration time: p<0.02) and right ventricle (RV early to atrial peak
velocity ratio: p<0.02) diastolic functions were significantly
reduced in SSc group while the parameters assessing LV
systolic function were similar in both groups. Pulmonary
artery pressure was significantly higher in 25% of SSc
patients (31.1±5.2 and 24.7±2.7 mmHg, p<0.001). Although
mitral and tricuspid annular systolic velocities with TDI (Sm,
St) were similar between two groups, obtained diastolic
functions showed a decrease in SSc patients. Tei index was
statistically higher in SSc group (left ventricle MPI (LV-MPI):
p<0.03 and right ventricle MPI (RV-MPI): p<0.007).

Bulgular: Skleroderma tanılı hastalarda hem sol hem
de sağ ventrikül diyastolik fonksiyonları belirgin olarak
azalmış olmakla birlikte, LV sistolik fonksiyonları her
iki grupta benzer bulundu. SSc hastalarının %25’inde
pulmoner arter basıncının artmış olduğu gözlendi
(31.1±5.2 ve 24.7±2.7 mmHg, p<0.001). TDI ile mitral
ve triküspid anüler sistolik hızlarının her iki grupta
benzer olduğu saptanırken, SSc hastalarında diyastolik fonksiyonların azaldığı görüldü. Tei indeksinin
SSc grubunda her iki ventrikül için de istatistiki olarak
artmış olduğu saptandı (LV-MPI: p<0.03 ve RV-MPI:
p<0.007).
Sonuç: Kardiyak açıdan asemptomatik diffüz SSc hastalarında, farklı ekokardiyografik yöntemler ile, her iki
ventrikül diyastolik disfonksiyonun bulunduğu gözlenmiştir.

Conclusion: Diastolic dysfunction of both ventricles
with different echocardiographic methods was observed
in diffuse SSc patients even without cardiac symptoms.
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Systemic Sclerosis (SSc) is a multisystem disease that
effects the skin, gastrointestinal tract, lung, heart, kidney
and peripheral nervous system. The extent and severity
of internal organ involvement are the most important
factors influencing the disease outcome and prognosis
in SSc. Until recent years it has been considered that
cardiac and pulmonary involvement were the main
determinants of the overall prognosis of the disease.[1,2]
However, with the help of different diagnostic methods
and clinical observations, it has been proven that heart
is more frequently and severely involved in SSc. Recent
studies have suggested that clinical evidence of myocardial disease may be found in 20% to 25% of patients
with SSc.[3]

All patients and control subjects were questioned
about cardiac history and examined with electrocardiography to consider cardiac involvement. Patients with
any cardiac symptoms were excluded. Patients with
hypertension, atrial fibrillation, complete heart block,
changes referring to myocardial infarction on ECG
and the other connective tissue diseases, major organ
involvement and malignancy were excluded.

Echocardiographic Examination

Echocardiographic examination was performed using
a Vingmed System Five, Norway echocardiographic
system equipped with 2.5-MHz transducers (Vingmed
Sound, Norway). M-Mode and two-dimensional
measurements were performed in accordance with
methods recommended by the American Society of
Echocardiography.[9,10]

Systemic Sclerosis heart involvement (SHI) may
present itself with a variable pattern of clinical manifestations. Most frequent symptoms are palpitations which
may result from various ventricular and supraventricular arrhythmias, angina pectoris caused by pericarditis
and coronary vasoconstriction, dyspnea related to congestive heart failure and malign arrhythmias resulting
with death.[1,2,4-7] It is easy to trace cardiac involvement
in symptomatic patients, but what about patients with
no cardiac symptoms? Is it possible that there might
be a subclinical cardiac involvement with deteriorating
systolic or diastolic function? In this study we aimed to
evaluate silent cardiac involvement with different echocardiographic methods in asymptomatic patients with
diffuse SSc.

Conventional left ventricular (LV) and right ventricular (RV) echocardiographic measurements were
performed in all subjects. Measurements included LV
deceleration time (LV-DT), LV isovolumic relaxation
time (LV-IVRT), LV early to atrial peak velocity ratio
(LV-E/A), RV early to atrial peak velocity ratio (RV-E/A).
Left ventricular ejection fraction (LV-EF) was measured
by using the Teichholtz formula.[11]
Pulsed wave tissue Doppler imaging (TDI) was
performed by activating the TDI function of the same
machine. The spectral pulsed Doppler signal was
arranged to obtain a Nyquist limit of 15-20 cm/s with the
lowest wall filter settings. From the apical four-chamber
view, a 5 mm sample volume was located at the ventricle
free wall near to the lateral tricuspid and the posterior
mitral leaflets. The resulting velocities were recorded
for five cycles at a sweep speed of 50 mm/s and stored
on a videotype for later analysis. Following parameters
were determined: peak systolic mitral annular velocity
(Sm), peak early diastolic mitral annular velocity (Em),
peak late diastolic mitral annular velocity (Am), mitral
Em/Am ratio, peak systolic tricuspid annular velocity
(St), peak early diastolic tricuspid annular velocity (Et),
peak late diastolic tricuspid annular velocity (At) and
tricuspid Et/At ratio.[10]

PATIENTS AND METHODS
Study Population

We consecutively selected twenty asymptomatic diffuse SSc outpatients (18 women; age range 24-63;
mean 44±9.6 years) who referred to the division of
Rheumatology at İstanbul University and a sex and
age matched group of twenty healthy control subjects
(18 women; age range 25-64; mean 41±10 years). All
patients had Raynaud’s phenomenon and none had
positive anti-centromere antibodies but had 60% were
positive for anti-Scl 70. Cardiac symptoms including
dyspnea were absent in all patients. Routine chest
x-rays and pulmonary function tests were incompatible
with lung involvement. Six minute walk distance and
arterial pulse oxygen saturation levels were also in normal ranges. None of the patients included to the study
had evidence of hypertension, renal involvement, diabetes or any other systemic disease. Written informed
consent was obtained from all patients and study protocol was approved by our institutional review board.
All patients met American College of Rheumatology
1980 preliminary criteria for the classification of SSc.[8]
Fifteen scleroderma patients (75%) were using calcium
antagonists (CA), while three patients (%15) were using
angiotensin-converting inhibitors (ACEI) for Raynaud
phenomenon.

Left and right ventricular functions were also investigated by using myocardial performance index (MPI).
Myocardial performance index was calculated by the
formula: MPI = (Isovolumic contraction time + isovolumic relaxation time) / (ejection time).[11]
The Doppler imaging calculations of both left and
right ventricles were performed during the end of the
expirium.
Pulmonary artery pressures (PAP) were calculated
by the modified Bernoulli equation in patients with tricuspid regurgitation.[12] In this study PAP were figured
both in two groups only who had tricuspid regurgita-
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Table 1: Demographic features, hemodynamic and
biochemistric parameters
Scleroderma
n=20

Age (years)
44±9.6
Male
2/20
BMI (kg/m2)
22±3.2
Systolic (mmHg)
126±23
Diastolic (mmHg)
76±11
Heart rate (beats/min) 74±6
Glucose (mg/dl)
88±12
Creatinine (mg/dl)
0.9±0.2
Hb (g/dl)
11.3±2.1
ACEI/CA
3/15
Steroid/Methotrexate
4/5

Control
n=20

41±10
2/20
23±5.6
121±16
79±9
66±5
90±14
0.8±0.1
12.3±3.2
-

p<0.02) diastolic functions were significantly reduced
in SSc group while the parameters assessing LV systolic
function were similar in SSc and control groups (Table
2). Furthermore the PAP measurements were assigned
significantly higher in 25% of the patients in the SSc
group (31.1±5.2 and 24.7±2.7 mmHg, p<0.001).

p

NS
NS
NS
NS
NS
0.001
NS
NS
NS
-

Although mitral and tricuspid annular systolic
velocities with TDI (Sm, St) were similar between
two groups, the obtained diastolic functions showed a
decrease in SSc patients than the control group, parallel
to the results from prior conventional measurements
(left ventricle Em/Am: p<0.01, right ventricle Et/At:
p<0.03) (Table 2 and 3).
We evaluated that for MPI measurements, Tei index
was statistically higher in SSc group (left ventricle MPI
(LV-MPI): p<0.03 and right ventricle MPI (RV-MPI):
p<0.007) (Table 2 and 3).

BMI: Body mass index; Hb: Hemoglobin; ACEI: Angiotensin-converting
enzyme inhibitors; CA: Calcium antagonists; NS: Not significant.

tion; 16 in the scleroderma group and 15 in the control
group.

DISCUSSION

The left and right ventricular myocardial performance
index representing global ventricular functions was
higher in SSc group. In other words, left and right
ventricular global functions were depressed in patients
with scleroderma. Besides global dysfunction, diastolic
dysfunction of both ventricles were also detected by
conventional and new methods such as TDI. Tei index
assesses the global functions of the ventricles and is not
influenced by factors such as pre-load and after-load.
This index has also been reported to be independent of
heart rate.[13-15] Diastolic dysfunction was also detected
by TDI which is not affected by heart rate.[13,14] Since both
ventricular systolic functions were normal, it seems MPI
to be influenced mainly by diastolic dysfunction of the
left and right ventricles. So, we suggest that the subclinical myocardial involvement is evident in scleroderma
patients even with no cardiac symptoms and this may be
important because heart involvement is one of the most
important prognostic factors.[1,2]

Statistical Analysis

Statistical analysis was performed using SPSS 10.0 for
Windows. Comparison of groups was performed using
Mann-Whitney U and chi-square tests. Mann-Whitney
U test was applied to the groups in pairs, for all possible
combinations. p less than 0.05 is considered statistically
significant. All values are expressed as mean ± SD.

RESULTS

Baseline clinical, biochemistrical and demographic characteristics are listed in Table 1. Only the heart rate was
significantly higher in the diffuse SSc group while the
other parameters were similar (Table 1).
When we compared the echocardiographic findings
evaluated from conventional methods, we established
that both left (LV-E/A ratio: p<0.02, LV-IVRT: p<0.03,
LV-DT: p<0.02) and right ventricle (RV-E/A ratio:
Table 2: Echocardiographic measurements of left
ventricle
Scleroderma
n=20

LV-EF (%)
LV-E/A
LV-IVRT (msn)
LV-DT (msn)
Sm (m/sn)
Em/Am
LV-MPI
PAP (mmHg)

63±5
1.1±0.4
117±14
196±35
9.1±2.5
1.1±0.1
0.55±0.1
31.1±5.2

Control
n=20

p

66±5
1.4±0.2
106±11
170±18
10±2.4
1.6±0.2
0.41±0.05
24.7±2.7

NS
0.02
0.03
0.02
NS
0.01
0.03
<0.001

By the help of conventional echocardiographic methods, several studies indicate diastolic dysfunction, but
systolic dysfunction is not so frequently evaluated. Some
of the recent studies done with using tissue Doppler
imaging showed disturbed right ventricular diastolic
Table 3: Echocardiographic measurements of right
ventricle
Scleroderma
n=20

RV-E/A
St (m/sn)
TDI-E/A
RV-MPI:

LV: Left ventricle; EF: Ejection fraction; E/A: Early to atrial peak
velocity ratio; IVRT: Isovolumic relaxation time; DT: Deceleration time;
Sm: Peak systolic mitral annular velocity; Em: Peak early diastolic
mitral annular velocity; Am: Peak late diastolic mitral annular velocity;
MPI: Myocardial performance index; PAP: Pulmonary artery pressure;
NS: Not significant.

1.1±0.1
13.3±2.6
0.9±0.2
0.43±0.1

Control
n=20

p

1.4±0.3
13.7±1.6
1.2±0.4
0.30±0.05

0.02
NS
0.03
0.007

RV: Right ventricle; E/A: Early to atrial peak velocity ratio; St: Peak
systolic tricuspid annular velocity; TDI: Tissue Doppler imaging; MPI:
Myocardial performance index; NS: Not significant
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function in patients with systemic sclerosis.[16] We also
found consistent results about both right and left ventricle functions and were similar to these mentioned
studies. Even most of the studies investigated left ventricle functions[17,18], this is one of the few studies that
evaluates right ventricle functions with different echocardiographic methods.

4.

5.

Decrease in wall elasticity and incomplete relaxation
resulting from myocardial fibrosis are the major factors creating diastolic dysfunction.[4,5] The underlying
mechanism of the detected myocardial dysfunction
may be either the focal myocardial lesions ranging from
constructive band necrosis to fibrosis[4-6] or the reversible
vasospastic abnormalities in small coronary arteries[19,20]
or both. Since there has been studies indicating myocardial perfusion defects in these patients,[7,21] ischemia
seems to be a reasonable cause of myocardial dysfunction.

6.
7.
8.

9.

In our study we observed increased PAP levels in
25% of SSc patients. Pulmonary arterial hypertension
(PAH) is an important cause of mortality and morbidity that occurs in up to 27% of patients with SSc.[22] In
limited cutaneous SSc, PAH is the major cause of mortality and is usually isolated (i.e., without interstitial lung
disease).[23] Whereas, approximately half of the cases
of PAH in diffuse SSc are associated with pulmonary
fibrosis and half are not.[24] A recent study in diffuse SSc
defined 21% isolated PAH in their cohort which is also
similar to our study.[25] Some recent reviews about heart
involvement in SSc suggest that, regardless of interstitial
lung disease, myocardial involvement by patchy fibrosis
may lead to ventricular diastolic dysfunction, whereas
right ventricle overload and failure may complicate
pulmonary hypertension.[26] The frequency and effect of
isolated PAH has never been investigated and requires
additional study.

10.

11.

12.
13.

14.

Unfortunately, in this study we couldn’t perform
right heart catheterization to confirm PAH that it wasn’t
the main objective of our study. Since the presenting
symptoms of mild to moderate PAH are not disease
specific, it is often underrecognized. Because of that, it
is recommended to screen all asymptomatic SSc patients
annually.[27]

15.

16.

Our data show that, there is possibly diastolic dysfunction of both ventricles in diffuse SSc patients with
no cardiac symptoms.
1.

2.
3.

17.
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