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Summary

Two-dimensional echocardiograms (2-DE) and phonocardiograms (PCG) were used to clarify
the genesis of mitral valve prolapse (MVP) and mitral regurgitation (MR) in 44 patients with funnel
chest. These patients were categorized in three groups on the basis of the fronto-sagittal index (FSI)
as determined from chest radiographs; 17 as mild, 15 as moderate and 12 as severe funnel chest. Their
ages ranged from 5 to 65 years and averaged 24 years. MVP was diagnosed using the long-axis view
of the 2-DE, and MR was diagnosed phonocardiographically including provocative test using angio-
tensin II.

The results were as follows:

1. In 44 patients with funnel chest, 20 (45%) had MVP and 15 (34%) had MR, respectively.
The incidence of MVP increased directly in proportion to the severity of index, but the incidence of
MR did not.

2. In the short-axis view of the left ventricle at the level of the papillary muscles, there was more
marked flattening of the interventricular septum than of the left ventricular posterior wall, resulting
in deformity of the left ventricular geometry. A distortion index (DI) was used to quantify the degree
of distortion of left ventricular shape, calculated as follows: DI=(R—r)/r, where R and r were radii
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of the curvatures of the interventricular septum and the left ventricular posterior wall, respectively.
The DI in end-diastole (DId) and end-systole (DIs) increased in proportion to the severity of funnel
chest.

3. Patients were subdivided into four groups on the basis of DId. Incidence of MVP increased
in proportion to the degree of distortion of the left ventricular shape. There was, however, no signifi-
cant difference in the incidence of MR among the four groups.

4. Patients were subdivided; one group of 13 under 14 years of age; another, 31 over 15 years old.
The incidence was much higher in the latter than the former, but the incidence of MVP increased in
proportion to the severity of funnel chest in both groups. MR was complicated by MR in nearly all

cases in the latter group, but none had MR in the former.

5. The DI of patients, whose FSI improved with surgery, apparently improved in addition to
the disappearance and/or improvement of their MVP and MR. However, patients whose FSI did not
improve with surgery showed little change in DI and persistence of MVP and/or MR.

These results suggested that distortion of the left ventricular shape produced by the external
compression might have an important role in the mechanism of complicating MVP and MR in patients
with funnel chest, and that occurrence of MVP and MR correlated closely with the degree and duration

of the thoracic deformity.
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Fig. 1. Measurement method of the fronto-sagittal (FS) index.
Left: chest radiograph of the postero-anterior view; right: chest radiograph of the lateral view.
a=the maximum transverse diameter of the thorax; b=the minimum antero-posterior diameter

of the thorax; FS index=(b/a)x 100.

Table 1. Subjects

No. of Sex Age (years)

cases M F Range (mean)

Funnel chest in-
cluding thin chest 44 33 11 5—65 (23.6)
Normal control 11 5 6 14—38 (23.4)

M =male; F=female.

Table 2. Classification of the severity of funnel
chest by the fronto-sagittal index

Group No. of Fronto-sagittal index® (%
cases Range (mean)

~ Mild 17 26—32 (29.4)
Moderate 15 16—25 (21.3)
8—15 (13.2)

Severe 12
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Fig. 2. Short-axis views and measurement methods of the distortion index of the left
ventricle in a case with funnel chest (A) and a normal control subject (B).

Short-axis views of the left ventricle at the papillary muscle level in end-diastole and their schematic
illustrations in a case with funnel chest (panel A) and a normal control (panel B) are shown.

In contrast to normal control with a nearly circular configuration of the left ventricle, the con-
figuration of the left ventricle in patients with funnel chest is distorted because of the flattening of
the ventricular septum.

To quantify the degree of distortion of the left ventricular configuration, the distortion index
was calculated.

RV =right ventricle; LV =left ventricle; DI =distortion index expressed as [(R—r)/r]; R and r=radii
of the curvatures of the interventricular septum and the left ventricular free wall, respectively.

Table 3. Incidences of MVP and MR in three groups of funnel chest categorized by
fronto-sagittal index

MVP MR
G No. of
roup g
cases No. of cases Incidence (%) No. of cases Incidence (%)

Mild 17 4 23.5 4 (2) 23.5 (11.7)
Moderate 15 7 46.7 6 (4) 40.0 (26.7)
Severe 12 9 75.0 54 41.7 (33.3)
Total L 20 45.5 15 (10) 34.1 (22.7)

MVP =mitral valve prolapse; MR =mitral regurgitation; ( )=provocative MR.
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Table 4. Distortion indexes in normal subjects and three groups of funnel chest categorized
by the fronto-sagittal index

End-diastole End-systole
Group _ — - - - o _ -
No. of cases Mean+SD No. of cases Mean+SD
Normal 11 0.03+0.04— 11 10.01+0.06 —
* *
Mild 11 0.07+0.04 — 9 0.07+£0.04 —
| sokk | *
Moderate 14 0.204+-0.05— 14 0.16+0.07 _
o
Severe 11 0.29:£0.06_ 8 0.20+0.03 "

SD=standard deviation; *: p<0.05; **: p<0.01; ***: p<0.001; ns=not significant.

Table 5. Incidences of MVP and MR in four groups of funnel chest categorized by the
distortion index

Distortion No. of MVP o o MR
index cases No. of cases Incidence (% No. of cases Incidence (%)
0~0.10 8 2 25.0 3 37.5
0.11~0.20 11 3 27.2 4 36.4
0.21~0.30 12 8 66.6 4 33.3
4 80.0 2 40.0

0.31~0.40 5

MVP =mitral valve prolapse; MR =mitral regurgitation.

Table 6. Incidences of MVP and MR in groups of funnel chest categorized by its severity

and age
<14 years =15 years
R W:[\’/IVP?“ o MR - iVIVP MR
Group No. of - - — -~ No.of — - -
cases No. of Incidence No. of Incidence cases No. of Incidence No. of Incidence

cases o cases (%) cases %) cases (%)
Mild 1 0 0 0 0 16 4 25.0 4 25.0
Moderate 6 1 16.7 0 0 9 6 66.7 6 66.7
Severe 6 3 50.0 0 0 6 6 100 5 83.3
" Total 13 4 308 0 0 3 16 516 15 484

MVP =mitral valve prolapse; MR =mitral regurgitation.

MR offfE&7R+. W+ pl 4, MVP 3

2 i 45.5%, MR i3 34.19% IcHHBL L, »oloE
1. BIEOEEETI-H#- MVP - MR QME L L L bz h b DFEE ML 2.
Table 3 i3 FS index i X Y IB3Hio & EREEE R 2. BIHOBEENCH-EEERE
AL 3FELE, &HicBiF5s MVP B1u Table 4 ZEHBR LCEEENICHEL R
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Fig. 3. Postoperative changes of the fronto-
sagittal index and distortion index of the funnel
chest in eight cases.

Pre- and postoperative comparisons were per-
formed in 8 patients. Five patients had MVP (2 with
MR and 3 without MR) preoperatively. The 5 patients
with improvement of FSI postoperatively show
apparent improvement of DI as well as disappearance
or improvement of MVP and MR. However, 3
patients without improvement of FSI postoperatively
show little changes in DI, MVP and MR.

MVP =mitral valve prolapse; MR =mitral regurgi-
tation; FSI=fronto-sagittal index; DI=distortion
index of the left ventricle.
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Fig. 4. Configuration of the thorax and the geometry of the left ventricle before and after
surgery in a patient with severe funnel chest (6-year-old girl).

Preoperatively, the heart is compressed rightwards and anteriorly and the configuration of the left
ventricle is distorted both in end-diastole and end-systole due to flattening of the interventricular
septum.

Postoperatively, the shape of the left ventricle become circular with improvement of the thoracic
deformity.

A: CT images; B: parasternal short-axis views of the left ventricle at the papillary muscle level.
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<« Fig. 5. Short-axis views of the left ventricle at the papillary muscle level in end-diastole
(upper panel), long-axis views of the left ventricle in systole (middle panel) and phonocardio-
grams during angiotensin II infusion (lower panel) before and after the surgery in a patient

with severe funnel chest (19-year-old woman).

Flattening of the left ventricular contour, prolapse of the anterior and posterior mitral valve leaflets
(arrows) and a late systolic click and a regurgitant murmur are noted preoperatively.

Postoperatively, configuration of the left ventricle becomes more circular with improvement of the
degree of MVP (arrow) and disappearance of the late systolic murmur.

LV=left ventricle; MVP=nmitral valve prolapse; MR=mitral regurgitation; K=systolic click;

SM =systolic murmur.
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