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Left ventricular mechanics in rheumatic mitral stenosis
J. C. MOHAN, R. ARORA, M. KHALILULLAH

ABSTRACT
In 20 patients with isolated rheumatic mitral stenosis we
studied left ventricular ejection phase indices, preload
(left ventricular end-diastolic volume index), afterload
(end-systolic meridian wall stress) and intrinsic contractility
measured as stress-length and stress-shortening relations,
and compared these results with an equal number of
matched controls. Both preload and afterload were
increased (67.6±22 ml/m? vs. 56.8±19.1 rnl/rn-, p<0.05
and 65.25±25.3 dynes-ern- x 103 vs. 48.5±13.35 dynes-
ern? X 103, p<0.005 respectively). Fibre fraction shortening
(29.1±6.6% vs. 36.2±5.4%, p<O.OOl), left ventricular
ejection fraction (63.9±1O.4% vs. 73.7± 6.8%, p<O.OOl),
end-systolic wall stress to end-systolic volume index ratio
(2.81±0.70 vs. 3.59±1.2, p<O.Ol) and fraction shortening
to end-systolic stress ratio (0.56±0.45 vs. 0.81±0.31,
p<O.OOl) were reduced in patients with mitral stenosis.
Overall depressed left ventricular ejection performance in
mitral stenosis is a net result of an elevated afterload and
a decreased intrinsic contractile state.

INTRODUCTION
The status of left ventricular intrinsic contractile function
in isolated rheumatic mitral stenosis (MS) remains
undefined. Although the overall left ventricular ejection
performance is reduced in a number of patients with MS, i-s
it is a product of interaction of intrinsic contractility, pre-
load and afterload. Intrinsic myocardial contractility of
the left ventricle in MS has been found to be normal in two
studies='? whereas in others, employing methods still to
be validated, it was found to be decreased.U'J? Recently,
reliable load-independent indices of intrinsic contractility
have been validated and applied in clinical studies. These
are end-systolic pressure or end-systolic meridian wall
stress to end-systolic volume or dimension relations'<"
and fractional fibre shortening (FS) to end-systolic stress
(ESS) relations.Pv''' Using these indices, we assessed left
ventricular intrinsic myocardial contractile function in
patients with isolated rheumatic MS.

MATERIALS AND METHODS
Study population
Twenty patients with rheumatic MS were studied and
compared with an equal number of age and sex matched

G.B. Pant Hospital, J.L. Nehru Marg, New Delhi 110002, India
1. C. MOHAN, R. ARORA, M. KHALILULLAH

Department of Cardiology

Correspondence to 1. C. MOHAN

© The National Medical Journal of India, 1989

normal controls who had no abnormality on clinical
examination, twelve-lead ECG, chest X-rays, routine
biochemical tests, and cross-sectional echocardiography
including Doppler and colour flow mapping. We excluded
patients with co-existent mitral incompetence, aortic or
organic tricuspid valve lesions, cardiac failure, rheumatic
activity, past closed or open valvotomy, atrial fibrillation,
systemic hypertension, diabetes mellitus, ischaemic heart
disease and left bundle branch block. In addition, we did
not include the patients with right ventricular volume
load, abnormal interventricular septum motion, segmental
wall motion abnormalities and those on diuretic therapy.
Informed consent was obtained from every patient.

Echocardiographic methods
Echocardiography was performed using a commercially
available two-dimensional echocardiograph (Diasonics,
CV 700, Vingmed Doppler) and 3.0 MHz annular phased
array transducer. The same operator performed all the
studies to ensure optimal reproducibility of measurements.
Cross-sectional guided M-Mode echocardiography was
performed with the subjects in a partial decubitus posture
on their left side. Tracings were recorded on a page
printer at a speed of 50 mm/sec. Only high quality tracings
with all left ventricular interfaces clearly visible through-
out the cardiac cycle were chosen for analysis.

Measurements were taken at or just below the mitral
valve tips as the average of five consecutive cardiac cycles.
The measurements were performed using a trackball
interfaced with an inbuilt computer which calculates frac-
tional fibre shortening and ejection fraction of the left
ventricle (L VEF) using standard formulae. The method
suggested by the American Society of Echocardiography'?
was used to measure the interventricular septum and post-
erior left ventricular wall thickness and left ventricular
internal dimensions at end-diastole and end-systole with
the help of a simultaneously recorded electrocardiogram.
Left ventricular volumes were calculated as previously
described-" and adjusted for the body surface area. End-
systolic pressure was determined from sphygmomanometric
measurements of the average systolic blood pressure
recorded before and after the echocardiographic exami-
nation and expressed as:

end-systolic pressure=O.66 x systolic blood pressure + 13.21

End-systolic wall stress was calculated by the formula.P

O.334xEnd-systolic pressure x End-systolic dimensions
ESS =( ) {' . hi k }Posterior wall x 1+ PosterIor wall e?d-systollc t IC ness

end-systolic thlckn~ss End-systolic dimensions
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Myocardial contractility was determined by the ratios
of end-systolic pressure to end-systolic volume;" end-
systolic wall stress to end-systolic volume index, 15,16 FSIESS
and end-systolic stress to end-systolic dimension.P

Statistical analysis
All the data are expressed as mean ± 1 standard devia-
tion. The unpaired two-tailed 't' test was used to assess
statistical significance of difference between the two
groups and differences in proportions were evaluated using
the Chi-square test with Yates' continuity correction. The
least squares linear regression analysis was used to evaluate
the relations between continuous variables. A p value of
0.05 or less was chosen to be the level of significance.

RESULTS
Demographic characteristics of the two groups of patients
are listed in Table I. The age, sex, weight, height, body

TABLE I. Clinical characteristics of patients with MS and normal
controls

Patients Normal
withMS Controls p
(n=20) (n = 20)

Age (years) 24.1 ± 9.5 22.2 ± 5.9 ns
Sex (male:female) 8:12 9:11 ns
Weight (kg) 42.3 ± 8.1 47.3 ± 10.6 ns
Height (cm) 155.3 ± 9.1 163.7 ± 11 ns
Body surface area (m-) 1.41 ± 0.20 1.47 ± 0.17 ns
End-systolic pressure 82.6 ± 20.8 90.3 ± 5.8 <0.05

(mmHg)
Heart rate (beats/min) 86 ± 8 82 ± 6 ns

ns not significant

TABLE II. Left ventricular function and contractility indices

Patients Normal
with MS' controls p
(n=20) (n=20)

LVPWTd(cm) 0.7 ± 0.2 0.7 ± 0.3 ns
EDVI (ml/m-) 67.6 ± 22 56.8 ± 19.1 <0.05
ESVI (ml/m-) 24.1 ± 9.7 14.7 ± 5.2 <0.001
ESS (dynes-em- x 103) 65.25 ± 25.3 48.5 ± 13.36 <0.005
FS(%) 29.1 ± 6.6 36.2 ± 5.4 <0.001
LVEF(%) 63.9 ± 10.4 73.7 ± 6.8 <0.001
FS/ESS 0.56 ± 0.45 0.81 ± 0.31 <0.001
ESSIESVI 2.81 ± 0.70 3.59 ± 1.2 <0.01
ESSIESD 20.2 ± 5.8 17.7 ± 4.2 >0.1
ESPIESV 4.3 ± 2.15 6.56 ± 3.6 <0.01

• mean mitral valve area 1.01 ± 0.27 em? (Pressure half time method) and peak
trans-tricuspid valve gradient 66 ± 21 mm Hg

EDV! end-diastolic volume index ESD end-systolic dimension
ESS end-systolic wall stress ESP end-systolic pressure
FS fractional shortening LVPWTd diastolic left ventricular
LVEF left ventricular ejection posterior wall thickness

fraction
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surface area and heart rate of the patients and control sub-
jects were similar. However the end-systolic pressure was
significantly lower in the patients with MS. Table II depicts
indices of left ventricular function and contractility in
both the groups of patients.

Cardiac loading conditions
Preload as indicated by end-diastolic volume index was
increased in patients with mitral stenosis (p<0.05). After-
load or end-systolic wall stress was significantly elevated
in the patients as compared with the controls (p<0.005).
The increase in end-systolic stress in the presence of
reduced end-systolic pressure (p<0.05) was caused by a
higher end-systolic volume index (ESVI) and reduced
systolic wall thickening (1.15±0.3 mm vs. L4±0.32 mm,
p<0.05).

Left ventricular function and myocardial contractility
Fibre fraction shortening (%, FS) and left ventricular
ejection fraction (%, LVEF) were significantly lower in
patients with MS (p<O.OOl). End-systolic volume index
was higher in this group (p<O.OOl). The ratios of FS/ESS
(p<O.OOl), end-systolic stress to end-systolic volume
index (p<O.Ol) and end-systolic pressure to end-systolic
volume (p<O.Ol) were significantly lower in patients with
MS (Figs. 1 and 2). The ratios of end-systolic stress to end-
systolic dimension were similar in both the groups.

Correlations
There was no correlation between age and FS/ESS
(r=0.19), age and ESS/ESVI (r=O.13), mitral valve area
(MV A) and FS/ESS (r=0.23) and MV A with ESS/ESVI.

Body mass index less than 16 was present in 9 patients
with MS compared to 4 controls (p<0.05).

DISCUSSION
Reduced left ventricular ejection performance has been
documented in patients with isolated rheumatic MS.I-8
but its determinants are not well characterized. Increased
afterload in the face of normal intrinsic contractility has
been shown to be responsible for reduced LVEF in middle-
aged patients with MS.9,10 However, some studies2,3,1l,12

suggest the presence of an altered myocardial contractile
property in these patients. Previous analyses of left ven-
tricular mechanics to study myocardial contractility in
rheumatic MS have been performed in small numbers of
subjects. Systolic wall stress-a measure of afterload-
has been reported in only two earlier publications.P-" In
one study" there were 7 patients and 4 of them had
associated mitral incompetence. Recent studies'I+? to
evaluate the inotropic state in a reliable manner from the
pressure-volume or stress-length and stress-shortening
relationships by echocardiography have given us an
opportunity to study this matter afresh. The present study
was done mainly in young patients, many of whom had
juvenile rheumatic MS.

Our results suggest that the inotropic state of the left
ventricle estimated by the pressure-volume relation is
depressed in patients with MS. This together with an ele-
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FIG 1. End-systolic meridian wall stress to end-systolic volume
index (ESS/ESVI) in the two groups
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FIG 2. Fractional shortening to end-systolic. stress relationship
in the two groups

vated afterload (ESS) is responsible for their decreased
overall left ventricular function. The reduced myocardial
contractility in MS is possibly a sequel to rheumatic
inflammation of the myocardium. It is unrelated to the
age and the severity of MS as judged by the mitral valve
area using the pressure half-time method. Two previous
studiesv-'' using the pressure-volume relation of the left
ventricle by haemodynamic-angiographic methods? and an
isovolumic phase index of contractility'? have shown a
normal intrinsic contractile state in rheumatic MS. At first
glance, our results appear to contradict both these reports
but our patients are young and have disease of greater sever-
ity that runs a more rapid course than in patients in Western
countries.P Recurrent rheumatic carditis is frequent,
leading to the severe sequelae of rheumatic myocarditis
in the form of global and segmental hypocontractility. We
excluded patients who were detected to have segmental
wall motion abnormalities on cross-sectional echocardio-
graphy as M-mode echocardiographic techniques for
measuring left ventricular dimensions are inaccurate in
their presence.

The relation between left ventricular wall stress and
contractility determines left ventricular global systolic
function in patients with MS since it is known that preload
(left ventricular end-diastolic volume index) is either
normal.> or often increased.f Increased preload was also
observed in this study. This is possibly caused by compen-
satory dilatation of the left ventricle to overcome increased
afterload and to maintain normal stroke volume." The
importance of an increased left ventricular end-diastolic
volume index in patients with MS is not clear. It could be
caused by either a small difference in body surface area of
the two groups or a methodological error, since subvalvular
pathology in MS may result in a distortion of the shape of
the left ventricular cavity. Even increased afterload may
not be of more than marginal significance since Bolen
et al. have shown that there is blunted response of left
ventricular function to varying afterloads.

Methodological limitations
The inherent errors- of using M-mode echocardiography
in determining left ventricular volumes and ejection phase
indices are well known. In this study, the patients who had
MS with segmental wall motion abnormality, right ven-
tricular volume load and paradoxical movement of the
interventricular septum were excluded from the study.
An attempt was made to ensure that the largest axis of the
left ventricular cavity (as profiled in an apical long axis
view in diastole) was close to twice the short axis. Patients
with subvalvular fusion in whom a distortion of the .left
ventricular geometry results in a shortening of the long
axis were, therefore, excluded. The use of cuff systolic
pressure to calculate end-systolic meridian wall stress as
done in this study has been validated previously by
catheterization data. 22 This is because, in the resting state,
left ventricular end-systolic pressure is close to peak systolic
pressure. This may not be the case in patients with faster
heart rates. In the present study, the patients with atrial
fibrillation and sinus tachycardia were excluded. The
ratio of fractional shortening to end-systolic stress may
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not be appropriate to denote an intrinsic inotropic state.
However, it was found that 16 (80%) patients had this
relation below the 95% confidence limits of normal. The
ratio of ESS/ESVI may also be afterload dependent but
the depressed ratio in the presence of increased afterload
indicates a much depressed contractility. Left ventricular
end-diastolic volume is not the only measure of preload.
However, in the presence of similar diastolic wall thick-
ness in the two groups and with the presumption that left
ventricular end-diastolic pressure in MS is normal, end-
diastolic volume can be considered to be a reasonable
estimate of diastolic wall stress. The relation between
fractional shortening and end-systolic stress may not be
load-independent. However, reduced fractional shorten-
ing in the presence of increased preload suggests that it
results from either increased afterload or reduced con-
tractility, the two factors which this study proposes as
determinants of decreased ejection phase indices.
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