Mitral Valve Prolapse in Patients
with Anorexia Nervosa

Two-Dimensional Echocardiographic Study

Yukiko Oka, M.D., Takashi Ito, M.D., Shinsaku MaTtsumoro, M.D.,
Hiroyuki Suematsu, M.D..,* and Etsuro Ocara, M.D.

SuMMARY

To examine the prevalence of mitral valve prolapse (MVP) and to
define the mechanisms of its development in patients with anorexia ner-
vosa, we studied the cardiac function of 23 patients with anorexia nervosa
by two-dimensional (2-D) echocardiography. MVP was present in 19
of 23 patients (82.6%,), 10 having double MVP in both the anterior and
posterior mitral leaflets and 9 having a single MVP in the anterior leaflet.
There was no difference in echocardiographic parameters between the
MVP(+) and MVP(—) groups. The heart rate was lower in the double
MVP group (46.3+£8.1; mean-+SD) than in the non MVP group (64.0+
6.3; p<0.01) and the single MVP group (565.9+10.9; p<0.05). The
presence of bradycardia in these patients suggests an increase in vagal
tone. The present study suggests that the incidence of MVP in anorexia
nervosa is among the highest compared with its incidence in association
with any other disorders, and an increase in vagal tone may be responsible
for the development of MVP in patients with anorexia nervosa.
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LTHOUGH a mid-systolic click or a late systolic murmur may occasional-
A ly be encountered in patients with anorexia nervosa, the presence of
mitral valve prolapse (MVP) in this disorder has not been well documented,
except for our preliminary report.?  Since MVP is a possible cause of sudden
death®® and since the mortality rate of patients with anorexia nervosa is the
highest of any psychiatric disease,%+® and may be due to cardiovascular
abnormalities,® -8 the possibility exists that MV P might be a cause of cardiac
death in patients with anorexia nervosa. Therefore, in the present study we
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have assessed the cardiac function and the prevalence of MVP, using 2-D
echocardiography, in patients with anorexia nervosa.

METHODS

Profiles of the 23 patients studied are summarized in Table I. The
diagnostic criteria for anorexia nervosa were those defined by the Special
Study Group on Anorexia Nervosa sponsored by the Japanese Ministry of
Welfare,® a slight modification of Feigner’s criteria.l® They include that the
patient actively refused to eat, had body weight loss of more than 209, of
ideal body weight (IBW) [(height in cm—100)<0.9], and had amenorrhea for
at least 3 months, but without evidence of organic psychiatric or thyroid di-
sease. None of our patients had any cardiovascular symptoms, or identifiable
cardiovascular diseases except for MVP, or thoracic skeletal deformities such
as funnel chest and pigeon chest. Informed consent was obtained from each
patient before the study.

Echocardiograms were obtained in the 3rd or the 4th intercostal space
along the left parasternum with a 2.4 MHz transducer connected to a Toshiba
SSH-11A type ultrasound unit. Echocardiographic images were recorded
and analyzed by a SONY video-TV model VO 5800. All patients were
studied at rest in both the supine and left oblique positions. The diagnosis
of MVP by 2-D echocardiography was based on the diagnostic criteria of
Weyman,*" the principal point being the mitral leaflet movement into the
left atrial cavity beyond the functional mitral annulus, i.e., the line crossing
the immobile portion of the anterior mitral leaflet and the base of the posterior
mitral leaflet on the long-axis view of the left ventricle.

Left ventricular size and function were analyzed by M-mode echocardio-
gram, electrocardiogram, electrophonocardiogram, and the carotid arterial
pulse wave recorded simultaneously. Left ventricular end-systolic volume
(ESV) and end-diastolic volume (EDV) were calculated as (7/2.44+D)xD in
ml (Teichholz), where D is the left ventricular diameter at end-systole (Ds)
or end-diastole (Dd).

Stroke volume (SV) was calculated as EDV—ESV in ml, and ejection
fraction (EF) was calculated as EDV—ESV/EDV. Mean velocity of circumfer-
ential fiber shortening (mVcf) was calculated as (Dd—Ds)/Dd x 1/ET, where ET
is the left venticular ¢jection time obtained from the onset of the upstroke to
the incisural notch on the carotid arterial tracing. Systolic time interval was
calculated by Weissler’s method, i.e. PEP/ET=[(Q-S2)—ET]/ET, where PEP
is the left ventricular pre-ejection period calculated as (Q-S2)—ET. The Q-52
interval represents electromechanical systole (beginning of QRS complex to
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the first high frequency vibration of the second heart sound).

Eleven of the 23 patients were studied again 2 to 24 months later (mean
12 months).

Statistical analysis: Statistical analysis was made using Student’s un-
paired t-test for comparison of the data of the initial study. In 5 of the 11
patients, body weight returned to the normal range. The data obtained both
before and after body weight gain'®’ were compared and analyzed using
Student’s paired t-test.

REsvuLTs

Results of the initial study are summarized in Table II. Figure 1 shows
the prolapse of the anterior mitral leaflet in case No. 12. Nineteen of 23 pa-
tients had MVP (82.6%) and the remaining 4 patients had no evidence of
MVP (17.49,). Ten of 19 patients with MVP had combined or double MVP
of the anterior and posterior mitral leaflets, and the remaining 9 patients had
a single MVP of the anterior leaflet. There was no correlation between ex-
istence or severity of MVP and body weight reduction (Tables I and II).

Left ventricular size and function were compared in patients in the
double MVP group, the single MVP group, and those without MVP, as sum-
marized in Table II. Parameters were significantly smaller in anorexia
nervosa than the normal values from Machii.?® Left ventricular function
parameters were mostly within normal limits except for PEP/ET, and there
were no differences in any parameter among the 3 groups (Table II). Brady-
cardia was seen in all groups. However, the heart rate was significantly
lower in patients with combined or double MV P than in those without MVP
(p<0.01), and it was intermediate in those with a single MVP (p<0.05)

functional
Titral annulus

Fig. 1. A typical long-axis view of the 2-D echoéardiogram of mitral
valve prolapse of the anterior leaflet (case No. 12).
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Table 1. Patient Profile

BW Ausculta-
Case No Age Height Weight reduction tory CTR
(years) (cm) (kg) from IBW | abnor- (%)
(%) mality
1 14 156 38 28 no 43
2 20 151 34 33 no 42
MVP (—) 3 17 152 30 41 no 41
4 23 158 32 40 no 37
Mean 18.5 154.3 33.5 35.5 40.8
+SD +3.8 +3.3 +3.4 +6.1 +2.6
5 21 155 35 33 no 43
6 27 156 35.8 32 no 45
7 21 158.5 34 36 no 35
8 13 160 33 39 no 36
9 25 159 31 42 msc 38
MVP (8) 10 20 152 30 41 no 44
11 16 157 30 43 msc 34
12 17 164 43 25 no 38
13 14 156.7 37 29 msc 43
Mean 19.3 157.6 34.3 35.6 39.1
+SD +3.8 +3.4 +4.1 +6.3 +3.8
14 18 165 33.5 43 no 42
15 23 158 29 45 msc 35
16 17 155 30.6 41 no 43
17 18 161 30 45 no 34
18 19 159 39.5 26 no 40
MVP (D) 19 18 160 40 26 no 40
20 20 151 35 31 no 44
21 17 163.6 37.5 34 Ism 44
22 26 152 37 27 msc 41
23 26 163 37 35 no 39
Mean 20.2 158.8 34.9 35.3 40.2
+SD +3.5 +4.8 +4.0 +7.8 +£3.5

MVP (~)=absence of mitral valve prolapse; MVP (S)=single mitral valve prolapse; MVP (D)
=double or combined mitral valve prolapse; BW=body weight; IBW=ideal body weight;
CTR =cardiothoracic ratic; msc=mid-systolic click; Ism=late systolic murmur.

(Table IT and Fig. 2).

Auscultation of the heart revealed the presence of a mid-systolic click in 5
of 19 patients with MVP (26.3%,), and a late systolic murmur in 1 patient
with MVP (5.39,); no abnormalities were detected in 13 patients (68.4%).
Thus, auscultatory abnormalities, i.e., non-ejection click and/or late or mid-
systolic murmur were detected in 309, of the patients with double MVP and
in 33.39%, of those with single MVP.
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Table II. Echocardiographic Data of Left Ventricular Size
and Function at the Initial Study

LV diameter
ase | MR/ LAD | (mm) (L/Crrfin/ (ml/SbIeat/ EF r(rcl;\;g/f PEP/ET
o min (mm) I;&W BW M?) M2) sec)
S
1 72 29 16 31 2.4 | 43.7 | o0.61 0.96 | 0.32
9 66 27 47 33 1.8 | 35.2 | 0.57 0.92 | 0.49
MVP 3 60 22 42 27 3.9 | 48.] 0.66 1.26 | 0.34
(=) 4 58 20 43 26 2.1 46.0 | 0.70 1.07 | 0.29
Mean| 64.0| 245, 445 293 2.6 | 43.3 | 0.64 1.05 | 0.36
+SD | +6.3] +4.2| 2.4 +3.3|+1.0 | %57 |+0.06 |+0.15 | +0.09
5 59 27 48 27 3.3 | 62.0 | 0.75
6 50 18 43 26 23 | 4.8 | 0.69 1.18 0.29
7 79 23 39 23 3.0 | 38.2 | 0.73 1.32 | 0.26
8 65 23 40 22 3.0 | 35.0 | 0.6 150 | 0.36
wvp |9 60 12 44 39 2.1 42.7 1 0.5 0.94 | 0.34
() 10 54 23 46 25 5.7 | 65.2 | 0.77 1.61 0.37
11 48 17 35 21 1.1 28.8 | 0.79 1.05 0.35
12 53 19 40 20 1.9 | 39.0 | 0.8 1.50 | 0.44
13 42 24 45 29 2.0 | 46.2 | 065 | 090 | 0.39
Mean| 55.9| 207! 422 250| 2.7 | 4.9 | 0.7 1.26 | 0.35
+SD | +10.9 | +4.6| +4.1 £3.9|+1,4 | +12,0 [ +0,09 | +0.29 | +0.06
14 36 18 41 26 2.3 39.4 | 0.70 1.27 0.41
15 53 18 31 20 1.1 20.7 | 0.66 1.17 0.39
16 60 23 38 22 3.3 | 39.0 | 0.74 1.41 0.24
17 37 20 43 32 1.3 | 3.9 | 05 | 062 | 0.38
18 36 28 55 38 22 | 623 ] 058 | 0.8 | 0.31
MVP | 19 43 20 42 29 1.7 3.5 | 0.6] 0.8 | 0.31
D | 90 49 20 42 28 20 | 39.5 | 0.62 | 0.9 | 0.29
21 48 23 45 30 1.7 | 42.2 | 0.62 1.02 | 0.36
22 49 34 39 23 1.9 | 389 | 0.73 1.12 0.33
23 52 25 41 27 1.8 | 35.3 | 0.6 | 0099 0.34
Mean | 46.3| 229| 41.7 27.5| 1.9 | 386 | 0.64 1.03 0.34
+8D +8.1) x50 +6.0 =+5.3{+06 |+10.3 |+0.07 |+0.22 | +0.05

Eleven of the 23 patients were studied again 2 to 24 months later.
Body weight increased to the normal range in 5 of 11 patients within 2-24
months. Results of follow-up studies in these 5 patients are summarized in
Table III. Cardiothoracic ratio (CTR), cardiac index (CI) and stroke in-
dex (SI) increased significantly. However, MVP remained unchanged in 4
patients and in 1 patient who had no MVP initially a new double MVP de-
veloped.
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Fig. 2. Relationship between MVP and heart rate (HR) in patients
with anorexia nervosa. MVP=combined or double MVP; MVP=single
) )
MVP; MVP=absence of MVP. * p<0.05, ** p<0.01.
(=)

Discussion

The incidence of MVP assessed by M-mode echocardiography has
been reported to be 5-109%, in the general population,'®-17) 219 in young
healthy women'® and 38.5%, in patients with hyperthyroidism.'® Some in-
vestigators reported an incidence of MVP of about 409, in patients with
neurosis or panic disorders,20-25 while others denied its high prevalence in
patients with panic disorder.26927  Therefore, the incidence (82.6%,) of MVP
detected by 2-D echocardiogram in anorexia nervosa patients in our present
series is disproportionately high. This high incidence agrees with the value
of 74%, we reported earlier.? The diagnosis of MVP by 2-D echocardio-
graphy was based on the diagnostic criterion of the presence of mitral leaflet
movement into the left atrial cavity beyond the functional mitral annulus on
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the long-axis view of the left ventricle. This criterion using the functional
mitral annulus is a suitable method for the diagnosis of MVP.

Although the causes and mechanisms of development of MVP have not
been well defined, autonomic disorders,2® 29 particularly an increase in -
sympathetic tone and a decrease in vagal tone, and thoracic skeletal abnor-
malities®)30 have been implicated. It has been suggested that anorexia ner-
vosa is associated with autonomic dysfunction with an increase in vagal
tone1®,3)-35) Tt is also associated with hormonal alterations.?-* The rea-
son for the high incidence of MVP in anorexia nervosa is not clear. There
was no apparent correlation between the presence of MVP and cardiac size
or reduction in body weight. In addition, MVP remained unchanged in 4
patients and newly developed in 1 patient after body weight gain and/or an
increase in cardiac sizc (Table IIT). Thesc results suggest that a reduction
in body weight or cardiac size is not responsible for the development of MVP
in patients with anorexia nervosa. It seems unlikely that alterations in left
ventricular function may be responsible for the development of MVP in ano-
rexia nervosa, since there was no apparent correlation between left ventricular
function parameters and the presence of MVP (Tables II and III).

The increased vagal tone represented by bradycardia was present in all
patients in the present study, and the severity of bradycardia was correlated
with that of MVP (Fig. 2). Imataka et al®*® produced MVP-like lesions in
mitral valves and subvalvular apparatus by electrical or mechanical stimula-
tion of the cervical vagus nerve in rabbits, observations supporting the role
of increased vagal tone for the development of MVP. 'These experimental
and clinical observations support the hypothesis that an increase in vagal tone
may be responsible for the development of MVP in anorexia nervosa.

However, it is not clear whether the MVP in anorexia nervosa is the
same as that seen in other disorders. Furthermore, it is not known whether
MVP is responsible for the cases of sudden death often seen in patients with
anorexia nervosa; we had no cases of death in our present series.
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Note added in proof:
Since our paper was submitted, Meyers et al and Johnson et al reported??1,%®) that mitral valve
prolapse occurs {requently in patients with anorexia nervosa.
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Table III.
; LV diameter (mm
Case oW rl%iv‘;“‘zf,’/:’) CTR (%) | HR/min g;frg) - ;s )
Case 12 B 25 38 53 22 40 20
A 13 43 56 26 45 28
Case 15 B 45 35 53 18 31 20
A 20 44 52 20 42 23
Case 17 B 45 37 37 20 43 20
A —4 44 68 34 47 30
Case 18 B 26 40 36 28 55 38
A 11 47 58 35 55 33
Case 2 B 33 42 66 27 47 33
A —18 42 85 29 54 36
Mean B 34 .8~ 38.4- 49.0 23.0 43.2 26.2
+SD +9.8 |« +2.7 lxx +12.6 +4.5 +8.8 +8.7
A 4.4~ 44 .0- 64.0 28.8 48.6 28.1
+6.2 +1.9 +13.0 +6,1 +5.7 +7.0

* p<0.05, ** p<0.0l. B=before weight gain; A=after weight gain.
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