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Mitral regurgitation and diastolic flow profile in systemic sclerosis
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To evaluate the left ventricular filling characteristics in systemic sclerosis, we examined 30 consecutive
patients, 15 men and 15 women, and related the findings to those from 48 age- and sex-matched controls. All
patients were investigated by pulsed and continuous wave mitral Doppler, and M mode echocardiography.
We found the A wave of the mitral flow velocity as recorded by pulsed wave Doppler to be higher in patients
(0.74 + 0.07 vs 0.54 + 0.02 m /sec, P <0.002), while the E wave did not differ. The high A /E ratio
indicating reduced distensibility, correlated to interventricular septal thickness (r=0.53, P <0.001), and
atrial emptying index (r = —0.55, P < 0.001). Early filling was impaired, with a prolonged pressure half time
(99 + 6 vs 84 + 4 msec, P <0.05), and a reduced first third filling fraction (0.41 + 0.02 vs 0.48 + 0.01,
P < 0.001). Mitral regurgitation was found in 67% of systemic sclerosis patients and in 15% of controls
(P < 0.001). Doppler measures of left ventricular filling properties were not related to the presence of mitral
regurgitation or systolic blood pressure.

We conclude that left ventricular distensibility and early filling properties are impaired in systemic
sclerosis and not related to blood pressure, but rather to left ventricular wall thickness and therefore
probably secondary to myocardial fibrosis. Mitral regurgitation is a common finding in systemic sclerosis.

Key words: Diastolic function; Doppler; Echocardiography; Left ventricle; Mitral regurgitation; Systemic
sclerosis
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ment directed at systolic performance may be of
no benefit, or even detrimental, when diastolic
dysfunction is isolated or dominating.

The characteristic manifestation of cardiac in-
volvement in systemic sclerosis is myocardial
fibrosis, and we were recently able to demonstrate
that cold inducible vasospasm causes reversible
myocardial perfusion defects in this disease [3].
Moreover, autopsy studies [4,5], and in the present
study population echocardiography [6], have
shown left ventricular hypertrophy to be a preva-
lent finding. Therefore, myocardial fibrosis,
ischemia, and hypertrophy create an anticipation
of diastolic dysfunction in systemic sclerosis.
However, it appears that only preliminary, and
somewhat contradictory, information on diastolic
function in systemic sclerosis has been published
[7-10]. In 2 of these studies the mitral valve
closing velocity was used as the measure of the
diastolic function [7,8]. One study showed
abnormal response to exercise only [9], while in
another investigation decreased coronary reserve
but normal diastolic function was found in a
group of seven patients [10].

During the last few years Doppler evaluation of
mitral flow has appeared as a useful noninvasive
technique for the evaluation of diastolic left
ventricular function [11-14]. Since Doppler find-
ings in systemic sclerosis have not been reported
previously, we evaluated the mitral diastolic flow
pattern by pulsed wave Doppler in a consecutive
series of systemic sclerosis patients, and de-
termined the presence of mitral regurgitation by
pulsed and continuous wave Doppler. Findings
were compared to those in age- and sex-matched
controls, randomly selected from the population.

Materials and Methods
Subjects

Thirty consecutive patients (15 men and 15
females; age range 25-77 years, mean 54.5 years),
with systemic sclerosis according to the American
Rheumatism Association (ARA) criteria [15] were
studied. The patients were referred from the Up-
psala region to the Uppsala University Hospital
between December 1986 and March 1988. Their

disease had been recognized for 5.6 (range 0.5-23)
years. None had left bundle branch block, while 1
patient had right bundle branch block.

For comparative purposes, age- and sex-
matched control subjects were selected from the
general population of Uppsala. A sample of 90
age- and sex-matched subjects (3 for each patient)
was drawn from the population register kept by
the County Census Bureau. All controls were in-
formed about the investigation protocol, and 55 of
them gave their consent to participate in the study.
Controls were excluded if they were treated for
hypertension (n = 2), if they had coronary (n = 2)
or rheumatic (n=2) heart disease according to
clinical history or electrocardiogram. None of the
controls had known renal or pulmonary disease or
bundle branch block. One subject was excluded
because of inadequate recordings. The remaining
48 subjects (26 men and 22 females, age range
25-77 years, mean 54.6 years) constituted a healthy
control group.

Methods

A Doppler system (Alfred®, Vingmed A/S)
equipped with a 2.0 MHz pulsed and continuous
wave Doppler transducer (diameter 13.7 mm) was
used to record the mitral flow spectrum at 50
mm/sec from the apical approach, while the sub-
jects were in the left lateral position. Transducer
placement and beam direction was guided by im-
mediately preceding apical cross sectional echo-
cardiography, and by the audiovisual continuous
wave Doppler signal from the mitral flow and
valve motion. Presence of mitral regurgitation was
determined by pulsed and continuous wave Dop-
pler. Pulsed wave Doppler signal was also re-
corded on strip charts (Honeywell 8100, dry silver
paper) at 50 mm /sec, when the best spectral dis-
play was obtained from the mitral flow, sampling
volume placed at the tip of the mitral leaflets.

M mode echocardiograms were obtained
(Honeywell 8100, dry silver paper recorder, 50
mm/sec), guided by the two-dimensional short-
axis view (Hewlett Packard ultrasound imaging
system model 77020A), with the subjects in the
left lateral position.

A 12-lead electrocardiogram was recorded, and
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blood pressure was measured in the supine posi-
tion after 15-30 minutes of rest.

Measurements

All measuring points were agreed upon by 2
observers (E.K. and K.C.). One investigator (E.K.)
carried out all interpretations after the recordings
had been coded and mixed by K.C. Only beats
with acceptable or good quality were used for
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Fig. 1. The figure illustrates the measurements obtained from
the mitral flow velocity profile. The upper panel shows the
peak velocity of early filling (E) and the peak velocity of atrial
contribution to left ventricular filling (A4). Slopes (+d¥F/dr
and —dV/dr) and “pressure half time (Pt0.5) were calculated
by the computer. The lower panel shows an approximation of
“first-third filling fraction” by time velocity integral of first
33% of the left ventricular filling velocity curve (TVI-33%), and
the total diastolic TVI (TVI-tot).
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measurements. All measurements were obtained
by means of digitizers (Summagraphics) connected
to a PDP 11 /34 or for the evaluation of Doppler
signals to a PC-AT (IBM), utilizing locally devel-
oped software [16]. Five beats were measured. The
means were used for further calculations. Doppler
recordings suitable for digitization were obtained
in 98%.

The following measurements were obtained
from the Doppler spectral recording of the mitral
flow profile (Fig. 1): (1) peak velocity of early (£)
left ventricular filling; (2) peak velocity of atrial
(A) contribution to left ventricular filling; (3) the
ratios A /F, and E/A; (4) “pressure half time” or
time from E to the time when velocity had de-
creased to E/ 2 ; the positive and negative rate of
change of early filling velocity; (5) the time veloc-
ity integrals of E, A, and the complete or total
diastolic profile; (6) the time velocity integral of
the first third (33%) of the diastolic profile; (7) the
time velocity integral ratios 4 /total, E/total, and
33% /total.

Cardiac dimensions were measured from M-
mode echocardiographic recordings according to
the recommendations by the American Society of
Echocardiography [17]. Left ventricular internal
diameter and interventricular septal thickness were
measured at the electrocardiographic Q-wave. Left
ventricular dimension was measured also at end-
systole (the shortest distance between the septum
and the posterior wall). The cube formula was
used to calculate ejection fraction.

Statistical analyses

Data are presented as mean =+ standard error
(SE) of the mean. Unpaired two-sided i-test was
used to compare differences between patients and
controls. P values < 0.05 were considered signifi-
cant. Multiple regression analysis was used to
elucidate whether diastolic abnormalities were sec-
ondary to heart rate or loading conditions.

Results

Mitral regurgitation was prevalent, 67.0%,
among patients, vs 15.2% among controls (P =
0.0001). The spectral signals from a control sub-
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ject and from a patient are shown in Fig. 2. Left
ventricular early diastolic filling interpreted by
pulsed Doppler showed no difference regarding
the duration or rate of velocity increase (+dV/d¢)
(Table 1). The maximum rate of velocity decline
(—d¥V/dt) of the E-wave only tended to be re-
duced, but “pressure half time” was prolonged. E
and time velocity integral of E did not differ
between groups, nor did time velocity integral
ratio E/total. First third time velocity integral
was not different between patients and controls,
but the first-third filling fraction (33% /total time
velocity integral) was markedly lower among pa-
tients.

In contrast to FE, atrial contribution to left
ventricular filling as measured by 4 was increased
in patients compared to controls (0.74 + 0.07 vs
0.54 + 0.02 m/sec, P < 0.002). Not only the maxi-
mum velocity, but also time velocity integrals of 4
and A /total were increased.

The ratio 4/E was increased in patients, and
E/A was decreased. The situation was similar
when using time velocity integrals of early filling
and atrial contribution.

Ventricular septal thickness was selected as rep-
resentative of left ventricular hypertrophy in the
present study population [6]. Septal thickness was
increased among patients (12.2 + 0.5 cm, vs 9.9 +

0.3. cm in controls, P < 0.0001). Blood pressure
was not increased among patients, thus did not
explain the increased septal thickness. A /E was
not only the diastolic Doppler variable displaying
the most significant difference between patients
and controls, but it was also the variable most
closely related to septal thickness (r=10.52, P <
0.01). Not only A/E, but all measures of atrial
contribution to left ventricular filling correlated
significantly to septal thickness: time velocity in-
tegrals of A/FE (r=0.45, P <0.001), 4/total (r
=0.32, P<0.01), and 4 (r=0.28, P <0.05), as
well as the maximum velocity of A (r=0.32,
P <0.01). Among measures expressing early fill-
ing properties, 33% time velocity integral/ total
(r=0.29, P<0.05) and E /total time velocity in-
tegral (r=0.27, P <0.05) were related to septal
thickness, while pressure half time, maximum
velocity of E, time velocity integral of E and 33%
time velocity integral were not.

Within the control group, 4/E was related to
age (r=0.40, P <0.01), and to heart rate (r=
0.30, P <0.05), while 33% /total time velocity in-
tegral was not. Multivariate analysis was per-
formed to evaluate if the difference between pa-
tients and controls regarding A /F could be ex-
plained by different afterload (systolic blood pres-
sure), heart rate, or preload (left ventricular end-
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Fig. 2. The spectral Doppler signal of the left ventricular inflow is illustrated for a control subject and one of the patients.
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TABLE 1

Pulsed wave mitral Doppler evaluation of left ventricular (LV)
filling characteristics.

Controls Patients P value
(n=43)  (n=30)

Early LV filling characteristics
Mitral opening to £

(msec) 69.4 +32 727 £33 NS
+d¥V/dr of early

filling (m/sec?) 6.70+£042 575+0.41 NS
—dV/d¢ of early

filling (m/sec?) 2864025 2.68+022 NS
Pressure half time

(msec) 83.6+3.6 992455 <0.02
E(m/sec) 0.69+0.03 0.72+0.07 NS
Time velocity integrals

E(cm) 12.55+1.01 13554191 NS

E /total 0.64+0.01 0.61+0.01 NS

33% (cm) 9.53+0.8 8.99+12 NS

33% /total 0.48+0.01 0.41+002 <0.001
Atrial contribution to LV filling
A(m/sec) 0.54+0.02 0.74+0.07 <0.002
Time velocity integrals

A(em) 4774026 6.81+0.83 <0.01

A /total 0274£0.02 0.3240.02 <0.05
Relation between early and late LV filling
A/E 0.80+0.04 1.09+£0.08 <0.0005
E/A 1354006 1.09+0.01 <0.05
Time velocity integrals

A/E 0.4140.02 0.54+0.04 <0.005

E/A 2.86+0.24 2154016 <0.05

A = peak velocity of atrial contribution to left ventricular (LV)
filling; dV/d¢=rate of change of mitral flow velocity; E =
peak velocity of early LV filling; pressure half time = time to

E/N2.

TABLE 2

Multiple regression analysis of possible confounding factors
for A/E.

B Coefficient ¢ value P value

A/E 0.427 223 0.03
Systolic blood pressure —0.003 0.89 NS
Heart rate 0.008 121 NS
End-diastolic dimension —0.012 11 NS

of left ventricle

A=peak velocity of atrial contribution to left ventricular
filling; E = peak velocity of early left ventricular filling.
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diastolic dimension) (Table 2). In this analysis,
A/E was an independent predictor of reduced
diastolic function. There was no correlation be-
tween A /E and ejection fraction (r = —0.14, NS).
Doppler findings or other measures of diastolic
function were not related to the duration of sys-
temic sclerosis.

Discussion

In this study, we used Doppler echocardiogra-
phy to evaluate left ventricular diastolic filling
characteristics in patients with systemic sclerosis
in comparison with age- and sex-matched controls
selected from the general population. Age, which
influences diastolic function, was identical in the 2
study groups. Furthermore, all controls and pa-
tients were evaluated by one and the same investi-
gator. Great care was taken to ensure an objective
evaluation of data, and bias was avoided by blind-
ing identity of recordings to the interpreter. There-
fore, our results, showing left ventricular inflow
abnormalities to be a definite feature of systemic
sclerosis, should be possible to generalize. Thus,
we could not confirm the negative findings by
Kahan et al. [10] who found no difference between
controls and patients regarding left ventricular
compliance when measured by invasive technique.
Possible explanations of the differences in results
could be differently chosen control material, dif-
ferent techniques, or that our patients had a more
severe stage of the disease. Our findings indicating
increased left ventricular passive stiffness and re-
duced early filling are consistent with the earlier
studies by Smith et al. [8] and Gottdiener et al. [7]
demonstrating echocardiographic evidence of de-
creased ventricular compliance.

Doppler echocardiography represents a rela-
tively simple, reproducible method for noninva-
sive evaluation of left ventricular diastolic func-
tion, which correlates well with cineangiography
[18], and radionuclide techniques [19]. Interpreta-
ble Doppler recordings can be obtained at a higher
rate than left ventricular M-mode tracings suitable
for endocardial digitization. However, the Dop-
pler technique has certain limitations [12-14]. De-
pendence of mitral flow velocity upon movement
of the sample volume location due to respiration
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and the inherent cardiac motion [20] was consid-
ered in the present study by averaging several
beats, and by taking great care to record the
mitral spectral flow at the tip of the mitral leaflets.
The normal waveform of the mitral Doppler spec-
trum shows a rapid increase in flow velocity in
early diastole ( E) concomitant with the rapid left
ventricular filling. A period of diastasis follows,
during which the flow velocity returns towards the
zero baseline. Finally, the atrial contraction causes
a second, normally less pronounced, increase in
flow velocity (A4). Our patients showed a different
pattern, compatible with diastolic filling
abnormalities. Early filling was reduced, with a
low 33%/total time velocity integral, and a de-
layed downslope of E (prolonged “pressure half
time”). Moreover, the atrial contribution to left
ventricular filling was increased, with increased A
and time velocity integral of A4, as well as high
A/E and A/total time velocity integral ratios.
This shift in left ventricular filling towards late
diastole indicates a decreased left ventricular dis-
tensibility. Thus, the Doppler pattern which we
found in systemic sclerosis patients is in agree-
ment with previous reports on Doppler findings of
left ventricular filling abnormalities in various
other diseases [11,12,19].

The prevalence of mitral regurgitation was simi-
lar among our controls (15%) as previously re-
ported (19%) [21]. Our finding that mitral regurgi-
tation was present in almost 2/3 of consecutive
systemic sclerosis patients was unexpected, since
mitral valve involvement has been reported to be
infrequent in systemic sclerosis, and it has not
been considered to be a component of the myocar-
dial affection in this disease [22]. However, previ-
ous clinical studies reporting systolic murmurs in
patients with systemic sclerosis have assumed the
presence of mitral regurgitation, and in post-
mortem studies mild thickening and nodularity of
mitral commissures have been described [4,5]. The
high prevalence of mitral regurgitation in the pre-
sent study compared to clinical reports is probably
due to the high sensitivity of the Doppler method.
The presence of mitral regurgitation may have
tended to normalize the filling pattern in some
patients [23]. Thus, group differences could have
been somewhat more pronounced regarding early

left ventricular filling if mitral regurgitation had
been absent.

In our control group, E/total time velocity
integral decreased with age and A4 /F increased,
which is in accordance with previous reports [24],
but the age matching of patients and controls in
the present study precludes age as explanation of
left ventricular filling abnormalities. Despite a re-
lation between filling abnormalities and left
ventricular hypertrophy as measured by septal
thickness, blood pressure did not differ between
groups. It is well recognized that the left ventricu-
lar filling velocity represents a spectrum of di-
astolic properties, and is influenced not only by
intrinsic myocardial factors, but also by loading
conditions and heart rate. However, the group
difference regarding 4 /FE ratio was not abolished
when accounting for blood pressure, heart rate
and preload (left ventricular end-diastolic dimen-
sion).

We conclude that diastolic mitral flow velocity
measured by Doppler discloses left ventricular
filling abnormalities in systemic sclerosis patients.
These abnormalities may be due to left ventricular
hypertrophy, left ventricular ischemia despite nor-
mal major coronary arteries, or the myocardial
fibrotic process itself; all 3 entities being described
in systemic sclerosis. Systemic sclerosis seems to
be associated with a high prevalence of mitral
regurgitation, which is usually not severe, and
which may partly be caused by fibrotic degenera-
tion of the mitral leaflets.
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