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Abstract
Objectives—To investigate right ventricu-
lar diastolic function in systemic sclerosis
(SSc) and its relation to clinical features of
the disease.
Methods—Seventy seven unselected SSc
patients and 33 healthy subjects were sub-
mitted to echocardiography and echo
Doppler study to assess left and right
systolic as well diastolic function and to
estimate maximal arterial systolic pulmo-
nary pressure (PAP). In addition, the
patients were investigated to define the
SSc subset and the extent of skin and
internal organ involvement.
Results—An abnormal right ventricular
filling, as expressed by an inverted tricus-
pidal (Tr) E/A ratio (Tr E/A ratio <1), was
detected in 31 of the 77 SSc patients (40%)
and in 0 of the 36 controls ( p<0.001 ). All
the 31 patients with an inverted Tr E/A
ratio were found to have a PAP > 30 mm
Hg. Twenty resulted to have an inverted
mitral (Mit) E/A ratio (Mit E/A ratio <1),
indicating an abnormal left ventricular
filling. In multiple regression analysis, Tr
E/A ratio resulted to be independently
correlated to both PAP (r= −0.35;p<0.003)
and Mit E/A ratio (r=0.39;p<0.001).
Conclusions—This study points out an
impaired right ventricular filling in a sig-
nificant percentage of SSc patients what-
ever the subset. This alteration is
independently correlated to both PAP and
left ventricular filling abnormalities.
(Ann Rheum Dis 2000;59:94–98)

Systemic sclerosis (SSc) is a multisystem
disorder of connective tissue characterised by
widespread vascular lesions and fibrosis of the
skin and distinct internal organs.1 2

Some authors3 4 and we ourselves5 have
pointed out an impaired left ventricular filling
in a significant percentage of SSc patients in
whom no other cause of altered diastolic func-
tion had been detected. Diastolic abnormalities
in SSc are likely to depend on either myocardial
fibrosis or myocardial ischaemia, or both.3–6 As
myocardial fibrosis as well as small intramyo-

cardial coronary vessel involvement are known
to aVect both left and right ventricles in SSc,7 8

an altered right ventricular filling is likely to
occur in this disease. Nevertheless, such aspect
has received little attention so far. In this study,
we have investigated right ventricular diastolic
function in SSc and its relation to clinical fea-
tures of the disease.

Methods
PATIENTS

Seventy seven unselected SSc patients (74
women and three men, aged from 24 to 79
years, median 56, mean (SD) 53.4 (11.6))
admitted to the Institute of Clinical Medicine
and Rheumatology of the 2nd University of
Naples were studied. All of them were investi-
gated by history, clinical examination and
instrumental investigations to define the disease
duration, the subset according to Giordano et al9

and the severity of various disease manifesta-
tions (that is, general conditions, peripheral vas-
cular involvement, skin sclerosis, joint/tendons,
muscle, gut, lung, heart and kidney involve-
ment), which were scored from 0 (absent) to
4 (end stage) according to the scleroderma
severity index developed by Medsger et al.10

CONTROLS

Thirty six subjects (33 women, three men),
(aged from 28 to 75 years, median age 50,
mean (SD) 49.6 (10.3)) without any past or
present evidence of heart and/or lung disease
acted as controls.

ECHOCARDIOGRAPHY AND ECHO DOPPLER STUDY

All examinations were obtained with a phased
array system (HP), with a 2.5 or 3.5 MHz
transducer. Complete 2D echocardiography as
well as pulsed and continuous Doppler exami-
nation were performed in a standard
manner.11 12

The left ventricular ejection fraction (LVEF)
was used as an index of left ventricular systolic
pump function and was calculated by a modifi-
cation of the method of Quinones et al.13 The
percentage of shortening in right ventricule
(RV) area during the systole (per cent fractional
area shortening) (FAS%) was used as an index
of RV systolic function and was calculated, in
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both subcostal and apical views, by means of
the formula: end diastolic area−end systolic
area/end diastolic area × 100.14

RV inflow velocities were assessed by the
parasternal short axis view at the level of the
tricuspid valve with the sampling window
placed at the tricuspid anulus. We chose this
validated15 approach because most of our SSc
patients are thin women in whom keeping the
transducer in good contact with the skin at the
apical window is hampered by the narrow
intercostal spaces. According to Nishimura et
al,12 the following diastolic parameters were
measured: tricuspidal (Tr) peak early inflow
velocity (Tr peak E), peak late velocity (Tr Peak
A), their ratio (Tr E/A) and deceleration time
(Tr DT). As the RV diastolic filling is aVected
by respiration, measurement of beats was
timed with respiration. In particular, at least
three beats from the end inspiration and three
beats from the end expiration were recorded,
and their values were averaged.

LV inflow velocities were measured from the
apical four chamber views, with the sample
volume placed at the level of the leaflets tips of
the mitral valve.12 The following LV filling
parameters were measured: mitral (Mit) peak
E, Mit peak A velocities, Mit E/A ratio and Mit
DT. Moreover, isovolumic relaxation time of
the left ventricle (LV-IVRT) was also assessed
as the time interval elapsing from the aortic
valve closure to the mitral valve opening. Each
value was obtained as the mean of the measures
detected during at least three cardiac cycles.

Systolic pulmonary arterial pressure (PAP)
was estimated when a tricuspidal regurgitation
was detected by continuous wave Doppler
echocardiogram. It was calculated by measur-
ing the peak systolic pressure gradient across
the tricuspid valve (peak regurgitant velocity)
and adding the estimated rigth atrial pressure
(10 mm Hg). In absence of a tricuspidal regur-
gitation, PAP was considered normal.

STATISTICAL ANALYSIS

Unpaired Student’s t test, ÷2 with Yates’s
correction, Fisher’s exact test, Spearman’s cor-
relation and multiple regression analysis were
used when appropriate. All data were expressed
as mean (SD); a p value<0.05 was considered
statistically significant.

Results
Of the 77 patients, 23 were aVected with
limited cutaneous SSc (lc SSc), 38 with
intermediate cutaneous SSc (ic SSc), 16 with
diVuse cutaneous SSc (dc SSc). The disease
duration ranged from 1 to 48 years, median 18,
mean (SD) 17.3 (9.0).

The above mentioned Scleroderma Severity
Index considers nine items: any alteration of
each of them (score 1–4 ) was detected in the
following percentages: peripheral vascular sys-
tem (77 of 77, 100%); skin sclerosis (77 of 77;
100%); joint/tendons (18 of 77; 23%); muscles
(6 of 77; 7%); gastrointestinal tract (65 of 77;
84%); lung (51 of 77; 66%); heart (17 of 77;
22%); kidney (2 of 77; 2%); general conditions
(12 of 77; 15%). It is worth noting, that heart
involvement scoring in this index is only evalu-

ated on the basis of clinically evident cardiac
manifestations, including arrhythmias and con-
gestive heart failure, ECG, conduction defects,
and LVEF.

No significant diVerence was detected be-
tween SSc patients and controls in any
anatomical parameter of the right and the left
ventricle as measured at the peak of ECG R
wave (data not shown)—that is, left ventricular
posterior wall thickness, left ventricular inter-
nal diameter in diastole, interventricular septal
thickness, right ventricular free wall thickness
and right ventricular internal diameter in dias-
tole. Therefore, no chamber was found to
present a significantly increased wall thickness.
It is worth noting that eight SSc patients only
had presented with mild systemic arterial
hypertension, which was controlled by calcium
channel blockers and/or ACE inhibitors.

Table 1 shows right and left echocardio-
graphic and echo Doppler indices of systolic
and diastolic function in SSc patients and con-
trols. No significant diVerence was detected
between patients and controls in any index of
systolic function. However, two patients were
found to have a LVEF<50% and three patients
were found to have a FAS <30%—that is,
below the lower normal values.

No diVerence was detected in Tr E/A ratio
between patients and controls, neither was any
diVerence detected in Tr peak E, Tr peak A and
Tr DT. Nevertheless, an inverted Tr E/A ratio
(to be considered as an index of abnormal right
ventricular relaxation) was found in 31 of the
77 SSc patients (40%) and in none of the 36
controls ( p<0.001). Mit E/A ratio was signifi-
cantly lower in SSc patients than in controls
(p<0.05). Actually, an inverted left ventricular
E/A ratio was detected in 25 of 77 SSc patients
(32%) and in four of the 36 controls (11%)
(p<0.03). The inversion of Mit E/A ratio
seemed to mainly depend on a significant
increase of Mit peak A associated with a slight
but not statistically significant decrease of Mit
peak E. Consistent with an abnormal left ven-
tricular filling, SSc patients were found to
present statistically significant longer Mit DT
and IVRT.

Table 1 Echographic and echo Doppler indices (mean
(SD)) of right and left systolic and diastolic function in 77
SSc patients and 36 controls

Patients
(n=77)

Controls
(n=36) p Value

FAS (%) 40.3 (3.8) 41.2 (2.5) NS
Tr peakE (cm/s) 41.4 (14.1) 45.1 (8.5) NS
Tr peakA (cm/s) 37.9 (15.2) 36.5 (9.7) NS
Tr E/A 1.2 (0.4) 1.2 (0.2) NS
Tr DT (ms) 190.5 (37.0) 185.3 (14.1) NS
LVEF (%) 59.9 (4.0) 60.0 (3.6) NS
Mit peakE (cm/s) 65.7 (17.0) 70.0 (8.5) NS
Mit peakA (cm/s) 57.7 (17.4) 46.6 (8.8) <0.05
Mit E/A 1.2 (0.5) 1.5 (0.1) <0.05
Mit DT (ms) 172.4 (28.7) 159.4 (10.0) <0.05
LV-IVRT (ms) 78.5 (1.3) 59.3 (0.9) <0.001

FAS = per cent fractional area shortening of the right ventricle;
Tr peak E = tricuspidal peak early inflow velocity; Tr peak A =
tricuspidal late velocity; Tr E/A = tricuspidal E/A ratio; Tr DT
= tricuspidal deceleration time; LVEF = left ventricular ejection
fraction; Mit peak E = mitral peak early inflow velocity; Mit peak
A = mitral flow late velocity; Mit E/A = mitral E/A ratio; Mit DT
= mitral deceleration time; LV-IVRT = left ventricle isovolumic
relaxation time.
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Table 2 shows echo Doppler parameters of
right and left ventricular filling and estimated
PAP values in the 31 patients with an inverted
Tr E/A ratio (group I) (women 29; men 2 aged
24 to 79, mean (SD) 58.3 (10.8) with a disease
duration ranging from 1 to 48 years, median
18, mean (SD) 16.5 (10.1)) in comparison
with those detected in the 46 patients with a
normal Tr E/A ratio (group II) (women 45;
men 1 aged 26 to 74, mean (SD) 50.2 (0.9)
with a disease duration ranging from 4 to 33
years, median 17, mean (SD) 18 (8.6)). In
group I, as expected, a significantly lower Tr
E/A ratio was observed with respect to both
group II patients and controls (0.8 (0.1) versus
1.4 (0.3) and 1.2 (0.2) respectively; p<0.001).
This result was accounted for by both a signifi-
cantly higher Tr peak A velocity (48.1 (17.0)
cm/s in group I versus 31.1 (8.7) cm/s in group
II and 36.5 (9.7) cm/s in controls; p<0.05) and
a significantly lower Tr peak E (37.0 (12.4)
cm/s in group I versus 43.9 (14.6) cm/s in
group II and 45.1 (8.5) cm/s in controls;
p<0.05). In addition, group I patients were
found to present a lower Mit peak E, a greater
Mit peak A, a lower Mit E/A ratio and a longer
IVRT with respect to both group II patients
and controls. Group II patients diVered from
controls only in a greater Mit peak A and a
longer IVRT (p<0.05). In detail, a left
ventricular diastolic dysfunction, as expressed
by a Mit E/A ratio <1, was found in 20 of 31
(64%) group I patients compared with 5 of 46
(11% ) group II patients, (p<0.001 ) and four
of the 36 controls (11%).

PAP could be valued (that is, a tricuspidal
incontinence had been detected) in 70 of 77
patients and in 24 of 36 controls. In the seven
patients in whom no tricuspidal incontinence
was detected, PAP was considered normal.

Pulmonary hypertension (that is, an esti-
mated maximal PAP >30 mm Hg) was
detected in 31 of 31 (100%) of group I patients
and in 18 of 46 (39%) group II patients
(p<0.0001) and in 0 of 36 controls
(p<0.0001). The prevalence of pulmonary
hypertension was also statistically greater in
group II patients than in controls (p<0.0001).
Moreover, a PAP >40 mm Hg was found in 17
of 31 group I and five of 46 group II patients
(p<0.0001) and a PAP >50 mmHg was

detected in 14 of 31 group I and one of 46
group II patients (p< 0.0001).

Tr E/A ratio (dependent variable) was found
to be inversely correlated to PAP (n=70; r=
−0.41; p<0.0001) and positively correlated to
Mit E/A ratio (n=77; r=0,44; p<0.0001).
These correlations were then investigated in
multiple regression analysis in the 70 SSc
patients in whom PAP could have been valued.
TrE/A ratio resulted to be independently
correlated to both Mit E/A ratio (r=0.39;
p<0.001) and PAP (r= −0.35; p<0.003). No
correlation was found between Mit E/A ratio
and PAP.

Of the 31 patients with an inverted Tr E/A
ratio, all presented a PAP >30 mm Hg and 17
also impaired left ventricular filling (that is, a
Mit E/A ratio < 1).

No correlation was found between altered
right ventricular filling and any epidemiological
(sex, age, disease duration), or clinical param-
eters of the disease—that is, either the presence
or the severity score of the nine organ system
considered. In particular, the Tr E/A ratio did
not correlate with either forced vital capacity or
diVusing lung capacity for CO (r= 0.151, p=
0.278; r= 0.058, p= 0.736, respectively).
Moreover, no diVerence was detected in the
prevalence of an abnormal right ventricular
filling in patients belonging to diVerent SSc
subsets. As a matter of fact, a Tr E/A ratio <1
was detected in eight of 16 patients with dc SSc
(50%); in 13 of the 38 patients with ic SSc
(33%) and in 10 of the 23 patients with lc SSc
(43%). Moreover, no diVerence was detected
in the mean Tr E/A ratio among the three sub-
sets: 1.1 (0.4) in dc SSc; 1.2 (0.4) in ic SSc; 1.1
(0.4) in lc SSc respectively (p>0.05).

Our series is characterised by a very low
number of men (n=3). As the exclusion of the
three male patients did not aVect the results, we
chose to include them in the analysis.

Discussion
We have investigated right ventricular diastolic
function in SSc and its relation to clinical and
epidemiological features of the disease. We dis-
covered an abnormal right ventricular filling in
40% of SSc patients. Such alteration was
detected in many patients without clinically
evident cardiac disease and resulted to be cor-
related with both left ventricular diastolic
abnormalities and pulmonary hypertension.

Scleroderma heart disease is historically
subclassified into primary and secondary.7 Pri-
mary SSc cardiac disease depends on the
involvement of myocardium and/or pericar-
dium and/or small intramyocardial vessels by
SSc heart disease itself; secondary cardiac
involvement develops either in patients with
systemic arterial hypertension mainly induced
by renal scleroderma (left ventricular disease)
or in those with vascular and/or interstitial lung
disease (right ventricular disease).

The pathological hallmark of SSc heart
disease is myocardial fibrosis.7 8 16 Myocardial
fibrosis and myocardial ischaemia have long
been known to aVect ventricular filling.17 18 SSc
myocardial fibrosis is diVerent from that occur-
ring in patients with coronary atherosclerosis.

Table 2 Echo Doppler parameters of left and right ventricular filling (mean (SD)) in
controls and in SSc patients with (group I) and without (group II) an inverted tricuspidal
E/A ratio

Group I (n=31) Group II (n=46) Controls (n=36)

Tr peakE (cm/s) 37.0 (12.4)§* 43.9 (14.6) 45.1 (8.5)
Tr peakA (cm/s) 48.1 (17.0)†*** 31.1 (8.7) 36.5 (9.7)
Tr E/A 0.8 (0.1)†*** 1.4 (0.3) 1.2 (0.2)
Tr DT (ms) 188.2 (34.0) 188.8 (36.5) 185.3 (14.1)
Mit peakE (cm/s) 59.9 (17.2)*§ 69.7 (15.9) 70.0 (8.5)
Mit peakA (cm/s) 63.6 (18.2)**{ 52.3 (14.1)§ 46.6 (8.8)
Mit E/A 1.0 (0.3)†*** 1.4 (0.5) 1.5 (0.1)
Mit DT (ms) 173.5 (30.5)§ 170.5 (27.1)§ 159.4 (10.0)
IVRT (ms) 82.5 (13.5)*§ 76.5 (10.1)§ 59.3 (5.9)
PAP (mm Hg) 43.8 (9.8)†*** 32.9 (5.3) 26.0 (5.3)

(n=31)‡ (n=39)‡ (n=24)‡

‡Number of patients in whom pulmonary artery pressure could be estimated. *p<0.05 versus
group II, †p<0.001 versus group II, **p<0.01 versus group II patients, ***p<0.001 versus con-
trols, §p<0.05 versus controls, {p<0.01 versus controls. IVRT = isovolumic relaxation time; PAP
= systolic pulmonary arterial pressure. Other abbreviations as Table 1.
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Actually, SSc myocardial fibrosis is equally dis-
tributed throughout the right and left ventricles,
does not involve the immediate subendocardial
layers, is not related to the distribution of the
epicardial coronary vessels and is not associated
with haemosiderin deposits.7 19–21 The detection
of left ventricular filling abnormalities in SSc
patients5 6 led us to study right ventricular filling
in this disease. Such an aspect has received lit-
tle attention so far. In point of fact, no
contribution has been made in that regard
except for that by Candell-Riera et al,22 who
detected a significantly low Tr E/A ratio in 63
patients with lc SSc.

In our study, we have found right diastolic
abnormalites in 31 of 77 patients (40%), with no
diVerence in either the prevalence of an inverted
Tr E/A ratio or in the Tr E/A ratio values among
patients belonging to diVerent subsets.

In our SSc patients with an abnormal right
ventricular filling, we detected a significant
increase in Tr peak A, suggestive of abnormal
relaxation.23 This pattern is classically caused
by ventricular hypertrophy (that is, secondary
to hypertension or aortic stenosis, etc) in which
prominent atrial contraction is important for
ventricular filling. A similar pattern, however,
has also been observed in patients with cardiac
amyloidosis with no or little evidence of
increased right ventricular free wall thickness.
It was ascribed to early amyloid infiltration
possibly interfering with the relaxion process.24

In our SSc patients, we failed to find venticular
hypertrophy. In them, myocardial fibrosis
might play a part in promoting right as well left
ventricular filling abnormalities with a mecha-
nism similar to amyloid infiltration. In fact, SSc
myocardial fibrosis is known to be patchy, to be
distributed throughout the myocardium in
both left and right ventricle, and is associated
with a normal wall thickness—that is, the nor-
mal muscle is destroyed and replaced by fibro-
sis without any increased collagen deposition.8

However, at present, it must be considered
speculative to attribute diastolic abnormalities
to myocardial fibrosis.

Our study has some limitations. The gold
standard techniques devoted to assess diastolic
function and pulmonary artery pressure are
those based on invasive techniques.25 26 Never-
theless, a number of studies have pointed out
that both right ventricular diastolic function
and PAP levels can be accurately investigated
by echo Doppler study.27–30 In addition, right
atrial and ventricular function could have been
better studied by measuring vena cava superior
flow and hepatic vein flow.31 32 However,
hepatic venous flow dynamics is known to be
mainly related to mean right atrial pressure.33–36

As our SSc patients showed normal right
atrium and inferior vena cava diameters, we did
not investigate this topic. Likewise, we did not
study vena cava superior flow.

A further limitation could arise from the low
number of male patients in our series (3 of 77
(3.9%)). We must emphasise, however, that our
series has long been characterised by such an
epidemiological aspect. In fact, of 106 SSc
patients recruited from 1965 to 1981,37 only
five (4.7%) were men. The same was true a few

years later, when of 164 patients recruited from
1965 to 1984, only 10 were men (6%).38 We do
not know why SSc in our unit is essentially a
female disease. Nevertheless, the patient series
reflect the general epidemiological features of
our whole SSc series. Moreover, excluding
three male patients from the analysis did not
change the results.

In conclusion, we have found an impaired
right ventricular filling in patients with SSc.
Such alteration is detectable in patients with-
out any clear cut evidence of cardiac disease.
Nevertheless, its prognostic significance awaits
to be defined.
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