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Mitral valve abnormalities in patients with right
ventricular pressure overload
Analysis by real time cross sectional echocardiography
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summARY Abnormalities of the mitral valve in patients with pulmonary stenosis, tetralogy of Fallot,
and pulmonary hypertension with right ventricular pressure overload were studied by real time cross

sectional echocardiography. Dislocation of the anterior and posterior mitral leaflets at the coaptation
zone in systole was present in 16 of 46 cases: nine of 11 (82%) cases of pulmonary hypertension, four
of 20 (20%) cases of tetralogy of Fallot, and three of 15 (20%) cases of pulmonary stenosis. The
incidence was highest in patients with pulmonary hypertension. In eight of the 16 patients with
mitral valve lesions, mitral regurgitation was seen on left ventriculograms or cross sectional Doppler
echocardiograms. The dislocation was located near the posteromedial commissure of the anterior
mitral leaflet in all cases. These findings are similar to the mitral valve abnormalities seen in patients
with secundum atrial septal defect, and therefore may be due to a common cause. No relation could
be found between the left ventricular deformity index and the incidence of dislocation of the mitral
leaflets. Thus, the reason why this mitral valve abnormality occurs in conditions with right ventricu-
lar pressure overload could not be established.

It is well known that secundum atrial septal defects
are often associated with mitral regurgitation.'2 The
causal relation is probably expansion of the right ven-
tricle due to the right ventricular volume overload,
which deforms the left ventricle, thus causing the
coaptation zone of the mitral valve to become dis-
torted and thereby lead to mitral regurgitation.3

In this study mitral valve abnormalities causing
secondary non-rheumatic mitral regurgitation were
examined in patients with right ventricular pressure
overload due to pulmonary stenosis, tetralogy of Fal-
lot, and pulmonary hypertension.

Patients and methods

Forty six patients with right ventricular pressure over-
load, aged ,16 years, were examined by real time
cross sectional echocardiography between May 1978
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and July 1982 (Table 1). Fifteen had pulmonary
stenosis, 20 tetralogy of Fallot, and 11 pulmonary
hypertension. The underlying causes of pulmonary
hypertension were primary pulmonary hypertension
in three patients, pulmonary embolism in seven, and
cor pulmonale in one. Twenty three healthy volun-
teers were studied as control subjects. Thirty seven of
the 46 subjects underwent cardiac catheterisation.

ECHOCARDIOGRAPHY
The echocardiographs used were the Toshiba SSH-
llA and SSH-40A models. Cross sectional echocar-
diograms were recorded on an 8 mm cine film and
analysed.
A mitral valve abnormality was diagnosed if disloca-

tion of the anterior and posterior mitral leaflets was
present at the coaptation zone on the echocardiograms
(Fig. 1).24 The degree of dislocation was assessed by
measuring the distance of the displacement at the
coaptation zone. A dislocation of - 5 mm was graded
as 1, of 610 mm as 2, and of ,-11 mm as 3. Analysis
was performed by two independent observers. The
degree of dislocation was different at five sites in four

186

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.52.2.186 on 1 A
ugust 1984. D

ow
nloaded from

 

http://heart.bmj.com/


Mitral valve abnormalities in patients with right venmticular pressure overload

Table 1 Inciden of mitral valve abnormality in relati to left vetilar deformity index in study patin and healthy control
subjects

Diagnsis No of Age (yr) Cardiac catheteisaion No (%) ofpaients with
patients abnormality

Range Mean No of Mean RV systolic
patiewts pressure (m Hg)

Pulmonary stenosis 15 16-56 34-6 11 89-1 3 (20)
Tetralogy of Fallot 20 16-50 33-2 15 93-5 4 (20)
Pulmonary hypertension 11 23-70 50.3 11 57-1 9 (82)
Healthy subjects 23 15-68 345

Fig. 1 Cross sectional echocardiograms in the long axis view in
a patient with pnmary pulmonary hypertenon with dislocatim
of the mitral valve leaflets showing (a) the anterolateral
commisse, (b) the central part of the mitral valve, and (c) the
posteromedial commisse. There is dislocation of the antior
and posteior leaflets (white armw) (b and c). The degree of
dislocatin near the postromedial commissure (c) is 2 (--1O mm)
and that of the central part of the mitral valve (b) I1(5 mm).
There is no dislocation of the anterolateral commissure (a). AO,
aorta; LA, left atinum.
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Fig. 2 Cross sectional echocardiogram showing the evaluation
of left ventcular deformty in the short axis view ofthe
endocardial surface ofthe left ventricle at the chordal level during
end diastok and end systoe. Diagram: The long axis of the kft
ventricle (R) and the swn ofthe maxim values of the vertical
lines extending to both sides from this axis (r) were used to
calulate the r:R ratio, termed the deformity index.

patients by independent observers. In these cases, the
lower grade of dislocation was used.

Left ventricular deformtiy-The left ventricular short
axis view of the endocardial surface of the left ventri-
cle at the chordal level was used to determine the

Table 2 Site and grade ofdislocation of mitral valve leafets

Grade* at different sites

No of Posteromedial Centre Antolateral
patients commissure commissure
(1 2 0 0

Pulmonary stenosis 2 1 0 0
t12 0 0 0
1 2 1 0

Tetralogy of Fallot JI 1 1 0
]2 1 0 0
A16 0 0 0
I 1 3 2 0
12 2 1 0

Pulmonary hypertension 1 2 0 0
]2 1 1 0
3 1 0 0

12 0 0 0

*Grade 1, _5 mm; grade 2, 610 mm; grade 3, 211 mm.

Nagata, Park, Nakanishi, Beppu, Sakakibara, Nimura

index for left ventricular deformity. In patients with
right ventricular pressure overload the ventricular
septum was pushed towards the left ventricle in the
short axis view. As a result the left ventricle appeared
flattened. The degree of deformity of the left ventricle
was expressed as the left ventricular deformity index
calculated as the ratio of r:R, where R (long diameter)
is the maximum diameter nearly parallel to the ven-
tricular septum and r (short diameter) the sum of the
maximum diameters extending on both sides from the
long diameter (Fig. 2). The deformity index was cal-
culated in the end diastolic and end systolic phases.
Since the endocardium in the left ventricular short
axis view was not visible in 13 of 46 patients, the
relation between the left ventricular deformity and
mitral valve abnormality was determined in only 33
cases.
Mitral regurgitation was assessed by left ventriculog-

raphy or cross sectional Doppler echocardiography, as
described.5-7

STATISTICAL ANALYSIS
The data were analysed by the x2 test and unpaired t
test. Differences were considered to be statistically
significant when p<0 05.

Results

Incidence of dislocation-Dislocation of the mitral
leaflets was present in 16 of 46 patients: in three of 15
cases of pulmonary stenosis, in four of 20 cases of
tetralogy of Fallot, and in nine of 11 cases of pulmo-
nary hypertension. The incidence of dislocation was
significantly higher in patients with pulmonary hyper-
tension than in those with tetralogy of Fallot or pul-
monary stenosis (p<0002) (Table 1).

Sites of dislocation-The dislocation affected the
posteromedial commissure of the anterior leaflet in all
16 patients. In seven patients it also affected the cen-
tral part from the posteromedial commissure of the
anterior leaflet. No patients had dislocation of the
posterior leaflet only (Table 2). In eight of the 16
patients mitral regurgitation was evident on left ven-
triculograms or cross sectional Doppler echocardio-
grams.
The left ventricular defornity inde4 estimated during

end diastole and end systole wal compared in healthy
volunteers and the study group (Fig. 3). Deformity
was present in all patients in the study group except
during end diastole in those with tetralogy of Fallot.
Among the study group, however, there was no
significant difference in the deformity index during
any time phase.
Left ventricular dimensions-There was no

significant difference in the diameter of the left ven-
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Fig. 3 Mean (SD) values of left ventricular defonnity index in
healthy subjects (H), and in patients with pulmonary stenosis
(PS), tetralogy of Fallot (TF), and pulmonary hypertension
(PH) at end diastole and end systole.
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Fig. 4 Left ventrclar (LV) dimensmions byM mode
echocardiography in patients with pulmonary stenosis (PS),
tetralogy ofFallot (TF), andpulmonary hypertnsion (PH). (0)
patients with mitral valve abnormality, (0) patients without
mitral valve abnormality.

tricle measured in M mode echocardiograms during
the end systolic phase in the study group (Fig. 4).

Discussion

Recently, mitral valve abnormalities causing secon-
dary non-rheumatic mitral regurgitation have been
studied. In the present study, mitral valve abnor-
malities in patients with right ventricular pressure
overload were analysed by cross sectional echocar-
diography.
The incidence of abnormalities of the mitral valve

in secundum atrial septal defects due to right ven-
tricular volume overload is reported to be as high as
50%.2 In the present study, however, the incidence
was only 20% in patients with pulmonary stenosis and
tetralogy of Fallot but 82% in patients with pulmo-
nary hypertension.8 In patients with right ventricular
pressure overload the degree of left ventricular
deformity was similar during the end systolic phase in
those with pulmonary stenosis, tetralogy of Fallot,
and pulmonary hypertension. There were, however,
differences in the incidence of dislocation of the mitral
valve leaflets. Why the incidence differed when the
degree of deformity was nearly the same is difficult to
explain. One possible explanation is that pulmonary
stenosis and tetralogy of Fallot are congenital heart
diseases, whereas in pulmonary hypertension the
right ventricular pressure overload is acquired. In
pulmonary hypertension dislocation of the mitral
valve leaflets occurs when the normally developed left
ventricle, which appears round in the short axis view,
is deformed by the right ventricular pressure over-
load, thus accentuating the spatial distortion of the
mitral valve. In congenital right ventricular pressure
overload, however, the mitral valve develops at the
same time as there is right ventricular pressure over-
load and thus dislocation of the leaflets may occur less
often.

In atrial septal defect, mitral valve dislocation usu-
ally occurs near the posteromedial commissure of the
anterior mitral leaflet. In the present study in patients
with right ventricular pressure overload with or with-
out tricuspid regurgitation dislocation also occurred at
the posteromedial commissure of the anterior leaflet.
This suggests that mitral valve abnormalities occur in
cases of right ventricular pressure overload by the
same mechanism as in those of right ventricular vol-
ume overload. Tricuspid regurgitation was detected
in 22% of the patients with pulmonary stenosis, 63%
of those with tetralogy of Fallot, and l00%/o of those
with pulmonary hypertension by cross sectional
Doppler echocardiography or iight ventriculography.
Thus the original diseases and tricuspid regurgitation
cause right ventricular enlargement which leads to dislo-
cation of the leaflets.

Diseases with right ventricular overload are often
accompanied by mitral valve abnormalities. Defor-
mity of the left ventricle has, therefore, been regarded
as one of the causes of these abnormalities.3 910 Why
they occur when the left ventricle is deformed has,
however, not-been explained. One explanation may be
that the left ventricular deformity mainly causes dis-
placement of the posterior papillary muscle, thus
shortening the distance between the muscle and the
valve ring, which results in distortion of the mitral
valve. To confirm this theory, the distance between
the posterior papillary muscle and the valve ring
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needs to be measured, but this is difficult at present.
In this study, no relation could be found between

the left ventricular deformity index and the incidence
of dislocation of the mitral leaflets. We could not,
therefore, determine why this abnormality occurs in

diseases with right ventricular pressure overload.
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