Left Ventricular Diastolic Function in Systemic Sclerosis
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ABSTRACT. Objective. To assess left ventricular diastolic function in patients with systemic sclerosis (SSc) and
to verify if a “primary” diastolic dysfunction might exist.
Methods. In total 124 patients and 41 healthy subjects underwent complete echocardiographic
examination. The following pulsed wave Doppler variables were evaluated: peak velocity during
early filling (E), peak velocity during late atrial filling (A), E/A ratio, and early filling deceleration
time.
Results. Seventy-seven patients (62.1%) had conditions potentially affecting left ventricular diastolic function (Group A) and 47 patients (37.9%) formed a homogeneous group without cardiac
involvement or other causes of abnormal diastolic function (i.e., systemic and/or pulmonary hypertension, ventricular hypertrophy, pericardial disease, systolic dysfunction, valvular heart disease,
coronary artery disease) (Group B). The entire SSc population and Group A showed significant
differences in the Doppler variables of diastolic function compared to the control group. No significant differences were found between Group B and controls.
Conclusion. In patients with SSc, left ventricular diastolic dysfunction was found only in patients
with conditions potentially affecting left ventricular diastolic function. In patients without conditions potentially affecting left ventricular diastolic function no differences were seen in comparison
with controls. SSc does not seem to cause “primary” diastolic abnormalities. (J Rheumatol
2001;28:1563–7)
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Systemic sclerosis (SSc) is a chronic disease of unknown
etiology characterized by diffuse microangiopathy and
excessive fibroblastic activity, with collagen deposition
involving the skin and lungs, heart, kidneys, and gastrointestinal tract1. In these patients, cardiac involvement affects
survival, carrying a poor prognosis2.
Autopsy studies have shown that cardiac involvement is
far more common than clinically suspected3. This is the
reason many investigators have looked for heart involvement in asymptomatic patients4-6. The presence of fibrosis,
probably due to coronary microcirculation involvement, is
the pathological hallmark of myocardial disease in SSc, and
this has led some investigators to hypothesize that impaired
ventricular filling could represent the functional translation
of this anatomical condition, occurring as an early finding in
the natural history of scleroderma myocardial disease.
Echocardiographic studies revealed diastolic function
impairment in SSc, generally only in association with other
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DOPPLER ECHOCARDIOGRAPHY

echocardiographic findings such as left ventricular hypertrophy or systolic dysfunction7,8. Recently, investigators
reported abnormal diastolic function variables in patients
with SSc, despite normal systolic function and normal
ventricular wall thickness9-11.
Many conditions potentially affecting left ventricular
diastolic function (systemic and/or pulmonary hypertension,
ventricular hypertrophy, pericardial disease, systolic
dysfunction) are common in SSc heart disease12-17. It may be
difficult to separate the influence of each single condition on
diastolic function impairment. To assess the presence of
“primary” diastolic dysfunction, we evaluated Doppler
echocardiographic indices of left ventricular diastolic function in a large group of patients with SSc compared with
healthy control subjects, and then performed a separate
analysis on a selected group of SSc patients with no potential condition known to affect left ventricular diastolic function.
MATERIALS AND METHODS
From March 1993 to December 1998, we enrolled 124 patients (106
women, 18 men; mean age 51.99 ± 12.48 yrs; range 23–70). All patients
satisfied the American Rheumatism Association preliminary criteria for
definite SSc18; 57 patients had the diffuse form (dSSc) and 67 the limited
form (lSSc) by location and extent of skin involvement19.
Forty-one healthy subjects (37 women, 4 men; mean age 52.59 ± 14.45
yrs, range 26–70) recruited by hospital staff and their relatives, with no
evidence of any disease or family history of early cardiac death, were
studied as controls.
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Systemic hypertension was diagnosed in case of history of hypertension
or values of systemic pressure > 140/90 mm Hg detected on at least 3 separate occasions.
All patients and controls underwent complete echocardiographic examination. Echocardiographic studies were performed using an instrument
equipped with 2.25 and 3.5 MHz transducers (Ultramark 9, Advanced
Technology Laboratories, Seattle, WA, USA) using the left parasternal and
apical windows. All studies were recorded on videotape for offline analysis.
Wall thicknesses, cavity sizes, and left ventricular ejection fraction were
measured in M-mode tracings under 2 dimensional guide in the left
parasternal long axis view, according to the criteria proposed by the
American Society of Echocardiography20. Left ventricular hypertrophy was
diagnosed in presence of any wall thickness > 1.1 cm, while left ventricular
dysfunction was defined as ejection fraction ≤ 50%. Left ventricular mass
was estimated by the formula of Levy, et al21, and was divided by the body
surface area to derive the left ventricular mass body index. Heart valve
function was evaluated by 2D real-time pulsed wave and color Doppler
imaging. Pulmonary artery systolic pressure was measured by continuous
wave Doppler from the sum of systolic transvalvular tricuspid pressure
gradient and right systolic atrial pressure estimated at 10 mm Hg22. Pulsed
wave Doppler was employed for diastolic transmitral flow evaluation. At
this point, optimal images from the apical 4 chamber view were obtained,
and sample volume was located at the tips of the mitral valve leaflets within
the left ventricular cavity. Doppler measurements were then traced with a
handheld cursor and the following variables were evaluated: peak velocity
during early filling (E), peak velocity during late atrial filling (A), and E/A
ratio, early filling deceleration time.
Exclusion criteria for subjects included heart rate at rest > 90 beats/min,
absence of sinus rhythm, and poor quality echocardiographic imaging.
Preload modifying drugs, such as nitrates or diuretics, were discontinued at least 24 h before echocardiographic examination.
Statistics. Results are reported as mean values ± standard deviation.
Differences between groups were evaluated using Student’s t test for quantitative variables, and Fisher’s exact test or chi-squared test for discrete

variables, as appropriate. Differences were considered statistically significant with p < 0.05.

RESULTS
In this SSc population, 77 patients (62.1%) had conditions
potentially affecting left ventricular diastolic function
(Group A) (Table 1). Thus, 47 SSc subjects (37.9%) formed
a homogeneous group of patients without cardiac involvement or other causes of altered diastolic function (Group B).
Tables 2–4 show general, clinical, and echocardiographic
characteristics in patients and controls, also displayed for
group and form of disease.
Group A showed significant differences in blood pressure, ejection fraction, left ventricular wall thickness, left
ventricular mass index, and Doppler variables for diastolic
function compared to the control group. The E/A ratio inversion was found in 6 controls, 47 patients in Group A (p <
Table 1. Conditions affecting left ventricular diastolic function in patients
of Group A. Percentage value for all patients (Group A + Group B) shown
in parentheses.
Pulmonary systolic pressure > 45 mm Hg
Left ventricular hypertrophy
Systemic arterial hypertension
Chronic renal insufficiency
Left ventricular systolic dysfunction
Moderate or severe pericardial effusion
Valvular heart disease
Coronary artery disease

44 (35.5)
39 (31.5)
33 (26.6)
15 (12.1)
8 (6.5)
6 (4.8)
5 (4.0)
4 (3.2)

Table 2. General, clinical, and echocardiographic characteristics in patients and controls. Data are mean value ±
SD.
All Patients
(n = 124)
Age, yrs
Disease duration, yrs
Resting heart rate, bpm
Systolic BP, mm Hg
Diastolic BP, mm Hg
LVEDD, mm
Ejection fraction, %
IVS, mm
PW, mm
LVMI, g
E, cm/s
A, cm/s
E/A
DT, ms
PASP**, mm Hg

51.99 ± 12.48
11.2 ± 8.0
78.35 ± 6.81
124.15 ± 13.69
77.18 ± 9.16*
44.80 ± 5.15
61.85 ± 6.63
10.27 ± 1.76*
9.74 ± 1.39*
99 ± 31*
66.60 ± 12.34
64.50 ± 18.70*
1.14 ± 0.46
185.04 ± 34.19
43.93 ± 16.32

Group A
(n = 77)
55.99 ± 10.13†
10.8 ± 7.9
78.31 ± 6.16
126.75 ± 15.08*†
79.42 ± 8.51*†
45.23 ± 5.76
60.18 ± 6.77*†
11.05 ± 1.59*†
10.23 ± 1.27*†
110 ± 33*†
64.39 ± 10.95*†
70.79 ± 19.01*†
1.00 ± 0.39*†
187.73 ± 37.61
50.08 ± 17.70†

Group B
(n = 47)

Controls
(n = 41)

45.45 ± 13.29*
11.9 ± 8.2
78.43 ± 7.82
119.89 ± 9.75
73.51 ± 9.08
44.10 ± 3.90
64.57 ± 5.44
8.99 ± 1.20
8.94 ± 1.21
81 ± 15
70.23 ± 13.69
54.19 ± 12.77
1.38 ± 0.48
180.64 ± 27.52
33.91 ± 5.42

52.59 ± 14.45
76.70 ± 6.87
120.29 ± 9.37
73.14 ± 8.86
44.19 ± 4.03
63.80 ± 7.14
8.90 ± 1.14
8.90 ± 1.27
84 ± 25
70.24 ± 10.24
55.90 ± 14.23
1.26 ± 0.20
181.72 ± 25.32

*p < 0.05 vs controls. †p ≤ 0.01 vs Group B.
**Three patients, 2 in Group A and 1 in Group B, were excluded from analysis because they had no tricuspid
regurgitation; their pulmonary artery systolic pressure was considered normal.
A: late filling peak velocity; E: early filling peak velocity; E/A: early filling peak velocity to late filling peak
velocity ratio; BP: blood pressure; DT: early filling deceleration time; IVS: end-diastolic interventricular septum
thickness; LVEDD: left ventricular end-diastolic dimension; LVMI: left ventricular mass index; PASP:
pulmonary artery systolic pressure; PW: end-diastolic posterior wall thickness.
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Table 3. Characteristics of the patients by form of disease. Data are mean value ± SD.
Diffuse
(n = 57)
Age, yrs
Disease duration, yrs
Resting heart rate, bpm
Systolic BP, mm Hg
Diastolic BP, mm Hg
LVEDD, mm
Ejection fraction, %
IVS, mm
PW, mm
LVMI, g
E, cm/s
A, cm/s
E/A
DT, ms
PASP**, mm Hg

49.95 ± 12.86
8.7 ± 5.4†
77.79 ± 6.62
128.33 ± 15.71*†
78.95 ± 9.20*
44.75 ± 5.01
61.25 ± 6.97
10.62 ± 1.91*
10.08 ± 1.45*
104 ± 37*
66.88 ± 12.64
65.93 ± 19.22*
1.14 ± 0.51
183.77 ± 32.30
50.08 ± 17.70†

Limited
(n = 67)

Controls
(n = 41)

53.73 ± 11.97
13.4 ± 9.2
78.84 ± 6.98
120.60 ± 10.57
75.67 ± 8.91
44.84 ± 5.30
61.46 ± 9.34
10.01 ± 1.61*
9.46 ± 1.29*
95 ± 25*
66.37 ± 12.18
63.28 ± 18.30*
1.14 ± 0.42
186.12 ± 35.93
33.91 ± 5.42

52.59 ± 14.45
76.70 ± 6.87
120.29 ± 9.37
73.14 ± 8.86
44.19 ± 4.03
63.80 ± 7.14
8.90 ± 1.14
8.90 ± 1.27
84 ± 25
70.24 ± 10.24
55.90 ± 14.23
1.26 ± 0.20
181.72 ± 25.32

*p < 0.05 vs controls; †p ≤ 0.01 vs limited form.
**Three patients, 2 with diffuse form and 1 limited form, were excluded from analysis because they had no
tricuspid regurgitation; their pulmonary artery systolic pressure was considered normal.
Abbreviations as in Table 2.

Table 4. Characteristics of patients displayed by group and form of disease. Data are mean value ± SD.
Group A
Diffuse
(n = 39)
Age, yrs
Disease duration, yrs
Resting heart rate, bpm
Systolic BP, mm Hg
Diastolic BP, mm Hg
LVEDD, mm
Ejection fraction, %
IVS, mm
PW, mm
LVMI, g
E, cm/s
A, cm/s
E/A
DT, ms
PASP**, mm Hg

54.26 ± 9.63
8.95 ± 5.17*
77.74 ± 6.43
131.54 ± 17.25*
80.90 ± 9.10
45.18 ± 5.35
59.05 ± 6.42
11.46 ± 1.68*
10.60 ± 1.26*
116 ± 38
63.05 ± 9.33
72.28 ± 16.89
0/94 ± 0.31
186.15 ± 35.51
53.58 ± 19.12

Group A
Limited
(n = 38)
57.76 ± 10.44††
12.74 ± 9.67
78.89 ± 5.91
121.84 ± 10.62††
77.89 ± 7.68
45.29 ± 6.23
61.34 ± 7.01††
10.66 ± 1.37††
9.86 ± 1.17††
105 ± 26††
65.76 ± 12.38††
69.26 ± 21.08††
1.06 ± 0.46††
189.34 ± 40.05
46.32 ± 15.66††

Group B
Diffuse
(n = 18)

Group B
Limited
(n = 29)

40.61 ± 14.24
8.22 ± 6.03†
77.89 ± 7.21
121.39 ± 8.54
74.72 ± 8.13
43.89 ± 4.23
66.00 ± 5.75
8.75 ± 1.02
8.89 ± 1.20
78 ± 13
75.17 ± 15.01
52.17 ± 16.91
1.58 ± 0.59†
178.61 ± 24.00
35.24 ± 5.47

48.45 ± 11.95*
14.21 ± 8.55
78.76 ± 8.29
118.97 ± 10.47
72.76 ± 9.69*
44.26 ± 3.77
63.69 ± 5.13
9.03 ± 1.25*
8.93 ± 1.26
82 ± 16*
67.17 ± 12.08
55.45 ± 9.48*
1.25 ± 0.34
181.90 ± 29.83
33.14 ± 5.34*

*p < 0.05 vs Group A/limited form; †p < 0.05 vs Group B/limited form; ††p < 0.05 vs Group B/diffuse form.
** Three patients, 2 with diffuse form (1 for each group) and 1 limited form (Group A), were excluded from
analysis because they had no tricuspid regurgitation; their pulmonary artery systolic pressure was considered
normal.
Abbreviations as in Table 2.

0.001 vs controls), and 8 patients in Group B. Six patients
had left ventricular hypertrophy and normal systemic blood
pressure. In this subset, mean Doppler measurements were
similar to those of the entire group of 124 patients, and the
E/A ratio inversion was present in only one case.
No significant differences in Doppler variables were
found between Group B and controls.

DISCUSSION
We observed that in patients with SSc left ventricular diastolic function (evaluated by pulsed wave Doppler) was
abnormal. However, this dysfunction was seen in patients
with conditions known to affect left ventricular diastolic
function (Group A), and not in patients with no features
known to affect left ventricular diastolic function (Group B
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and healthy controls). In this regard we accounted for age23,
heart rate24, systolic dysfunction12, valvulopathies25, left
ventricular hypertrophy13, pericardial effusion13, pulmonary
hypertension14-17, and preload modifying drugs26,27.
After the first description of scleroderma heart disease28,
many other studies proved that cardiac involvement in SSc
is far more frequent than clinically suspected. Thus, the high
prevalence of cardiac abnormalities in our group of patients
(62.1%) is not surprising.
Many studies reported instrumental features of diastolic
dysfunction in patients with SSc, using Doppler echocardiography or radionuclide angioventriculography7,8,29. In most
of them there were associated cardiovascular abnormalities,
in particular left ventricular hypertrophy.
Our results contradict 3 recent studies9-11 that reported
abnormalities in Doppler variables of diastolic function in
patients with SSc without left ventricular hypertrophy or
systolic dysfunction. Valentini, et al9 observed E/A ratio
inversion in 41% of 24 patients with SSc. Armstrong, et al10
showed a significantly prolonged mitral inflow deceleration
time. Candell-Riera, et al11 reported 63 lSSc patients with
significantly prolonged A wave and E/A ratio inversion. The
discrepancy between these reports and our results could be
explained by differences in study populations, in particular
the effect on left ventricular diastolic function by pulmonary
arterial hypertension. About 35% of our patients had
pulmonary hypertension of at least moderate degree.
Reports22-25 have shown that, both in patients with primary
pulmonary hypertension and in patients with chronic cor
pulmonale, right ventricular pressure overload caused leftward displacement of the ventricular septum and compression of the left ventricle from end-systole throughout the
early diastolic filling period. Since these studies reported a
linear correlation between the severity of pulmonary hypertension and the degree of left ventricular diastolic function
impairment, we excluded only patients with estimated
pulmonary artery systolic pressure levels ≥ 45 mm Hg. In
the past, the true prevalence of pulmonary hypertension
might have been underestimated, although it is a well recognized abnormality in SSc30. Indeed, based on clinical or
radiographic criteria, previous studies reported this complication to be present in 5 to 9% of SSc patients30,31. On the
other hand, in the only invasive prospective study, Ungerer,
et al32 estimated the overall prevalence of pulmonary hypertension in SSc to be as high as 33%. Our data are in agreement with Ungerer’s results. In 38 patients with lSSc,
Armstrong, et al10 identified only one subject with
pulmonary hypertension. Candell-Riera, et al11 found that
this condition was present in only 14% of patients. Finally,
in the study of Valentini, et al9 the potentially confounding
effect of pulmonary hypertension on left ventricular diastolic function was not considered at all.
In patients with SSc, left ventricular diastolic dysfunction
was found only in those with conditions potentially

affecting left ventricular diastolic function. In patients
without conditions potentially affecting left ventricular diastolic function no differences were found in comparison with
healthy controls. Thus, SSc does not seem to cause
“primary” diastolic abnormalities.
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