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Summary

Twenty-four patients with funnel chest were studied by phono-, mechano- and echocardiography
to evaluate the clinical significance of cardiac involvement. Patients were classified into three groups
according to the severity of funnel chest determined by sterno-vertebral distance measured on the
chest roentgenogram in the lateral projection. Severe group had the distance less than 5 cm (5 cases),
moderate group from 5 to 7 cm (7 cases) and mild group over 7 cm (12 cases).

The results were as follows:

1) Splitting intervals of the second heart sound during held expiration were significantly wider
in the mild group (46.7+6.7 msec) than in the severe group (38.0+5.1 msec) (p<0.02). In the
severe group, 4 of 5 patients showed physiological splitting.

2) An early diastolic tricuspid rumble was observed in 8 of 24 patients (33%), particularly in
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4 of 5 patients (80%) in the severe group.

3) Inall 5 severe and 2 moderate patients, the jugular phlebogram showed the early appearance
and tendency to obliteration of “ x * trough, late-systolic positive wave, tall “ v”> wave and deep “y”
trough. Obliterated “‘x” trough was observed in 2 patients of the severe group and one of the moderate
group. In these cases, however, neither tricuspid insufficiency nor pericardial defect was complicated.
Therefore, funnel chest might be one of the important causes of obliterated “ x ” trough in the jugular
phlebogram.

4) The interventricular septum (IVS) showed almost normal motion during the cardiac cycle
in all 12 mild and 5 moderate patients. In all 5 severe and 2 moderate patients, the IVS showed normal
posterior motion during systole. However, brisk anterior motion could be seen during early diastole
and gradual posterior motion was followed throughout the left ventricular slow filling phase.

5) Three patients of the severe group with phlebographic abnormalities and gradual posterior IVS
motion during the left ventricular slow filling phase were studied by the short-axis, cross-sectional
echocardiograms of the left ventricle at the level of papillary muscles. An exaggerated counterclockwise
left ventricular rotation was noted in all 3 patients.

These results suggest that both characteristic phlebographic patterns and abnormal septal mo-
tion might be attributed to the exaggerated left ventricular rotation produced by external compression
of the chest wall.
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Table 1. Materials
Funnel chest N sex hae Sterno-vertebral
o male  female yrs ( mean ) distance cm ( mean )
Mild 12 12 0 16-42(2.5) 7.1-10.4(8.5)
Moderate 7 5 2 16-49(21.9) 5.8-6.5(6.2)
Severe 5 4 1 4-32(15.6) 18-4.7(3.7)
Total 24 21 3 4-49(22.6) S

ERYy 77y 73 TY 303, 4% Elema
MEKFI =5 7Y, FERIREIEFA L
L CEBAME SRR E 1L, OB - HEX
Ll bIcEER2H, My #E 100 mm/sec T
R L. b= a—[oiekicis Aloka #i
SSD-110B #{FRH L, K7 mA K7 1 VLTS
Ule. DBTE R O EERIC 13 3 E BT i D e 2
& SSH-11A % L, IWHERBIB X CHLaRARH
DEEEMEERE RS uA F7 4 VATREL
7z.

B 1

1. 0»EEmE (Table 2)
I Fa 3L bi@ERF T, SHMERL 3 M
KEEBED R o, TFEIERR, BRFEL D

ICHRIEGNE CIEIA K A BL, EERNE L AR
Zr R EmS B b, Fig. 1 @&k
koL 11 FHRMEE R34 25, 40 msec
L EDIRHIERAE ST D SHEE X, BIE 75%,
aeiE 43%, BIE 20% ThY, FEEFO 1
ENBIRRE L 38.0+5.1 msec ©, REEF|D 46.7
+6.7 msec (ZHA~T B L 2Tk SRR & R

L7z (p<0.02). III 3% -1V Ficix 3 BEficE %
bl holz.

IFERI 2 V) v 7 B X OUURER BT 21 &
HEMEERCL LN, REROBREY LK L.
SRPMEEER T L TR 3% LERIED S
h, LQREEFTE 80% icabhk. Zhb
N5 T ME WTFRLIEERT T EREh
HEBHERARS ICE S, IWREHORICRL AT

Table 2. Phonocardiographic findings

Mild Moderate Severe Total
Splitting intervals ( msec )
Is 30(0-60) 33(20-40) 30(20-40) _
Is  Insp. 58(45-70) 57(40-70)  53(45-60) _
Exp. 39(30-45) 35(10-55) 32(20-40)
s (+) 11712 517 415 20/24(83%)
(-) /R 217 1/5 4128(17%)
IVs (+) 2R 211 0/5 al24(1%)
(-) 10/ 12 517 515 20/24(83%)
;{:“;;‘:‘;I'Iffnml’;’ 21e 317 0/5 5/20(21%)
Tricuspid rumble 3112 1117 4/5 8/124(33%)
Cardiorespiratory murmur 212 217 0/5 4/24(171%)

Is=Ist heart sound; IIs=1Ind heart sound; IIs=IIIrd heart sound; IVs=IVth heart sound.
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Fig. 1. IIA-IIP interval during held expiration.
ITA-IIP interval is significantly wider in mild
group compared with the severe group.
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Fig. 2. Actual minus predicted intervals based on Shah and Slodgi’s formula of Q-IIA

and Q-IIP intervals.

No significant difference is observed in Q-IIA among three groups. However, the mild and moderate
groups show significantly longer Q-IIP compared with the severe group.
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Fig.3. ETc, PEPc and PEP/ET.

Only the severe group shows a tendency to hyperkinetic state. In the other two groups, each
value is almost normal. ETc=corrected ejection time; PEPc=corrected pre-ejection period; PEP/ET

=ratio of pre-ejection period to ejection time.
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Fig. 4. Findings of the jugular phlebogram.

Left:

normal mild moderate severe

The ratio of the period from Q wave of the ECG to ‘‘x” trough and that from Q wave

to ITA (Q-x/Q-IIA) is measured in order to gnantitate the timing of ‘ x ”’ trough. It is clearly shown
that the ‘“ x”’ trough is significantly early in the severe group.

Middle:
nificantly high ‘v
Right:

”»

3

The ratio of the distance from ‘v

““x” trough (v-y/v-x) is measured in order to quantitate the depth of ‘‘y

The v/a ratio is measured in order to quantitate the height of ‘v
wave in the severe group.

wave to

wave. Note the sig-

1] ”»

y” trough and that from ‘‘ v
trough. It is shown

o wave to

that the ‘‘y”’ trough is significantly deep in the moderate and severe groups.
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Fig.5. Chest rentogenogram and jugular phlebogram in a severe case of funnel chest
(32-year-old male).

Sterno-vertebral distance is markedly decreased (only 4 cm in diameter). Physiological splitting
of the IInd heart sound is demonstrated, and the jugular phlebogram shows obliterated ‘‘x’’ trough,

3

late-systolic positive wave and deep ‘‘y” trough.

Table 3. Echocardiographic findings

Mitral valve
RVD (cm)  DDR ( mm/sec) Prolapse

VS LvPW
Diastolic posterior motion  Hyperkinetic motion

] 1.8 9.2
Mild (1 1-2.5) (6L4-189.0) U 1
Moderate 2.2 8.3 17

(15-2.8) (56.0-100.0) il

2.3 8.0
Severe () 4-2.8) (55.6-9%.1) 55 4t
712 612
Total - (29%) (25%)

RVD =right ventricular dimension; DDR=diastolic descent rate; IVS=interventricular septum;

LVPW =left ventricular posterior wall.
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Fig. 6. Typical interventricular septal motion in a severe case of funnel chest (12-year-

old male).

Brisk anterior motion can be seen in early diastole, and gradual posterior motion follows it
throughout the left ventricular slow filling phase. Left ventricular posterior wall shows a markedly

hyperkinetic motion.

Table 4. Relationship between interventricular septal motion and the jugular venous pulse

Sterno-vertebral Interventricular septum Jugular venous pulse
Case Age Sex distance (cm) Diastolic posterior excursion (mm) early x shallow x tall v deepy
FH 30 M 6.5 L2 (-) (=) (-) (=) normal Jug.
KM 49 M 5.8 2.3 (-) (-) (+) (+)
0K 15 M 4.1 5.6 (+) (=) (+) (+)
TY. 2 M 4.5 .5 (+)  (+)  (+) (+) obliteratedx
MN. 32 M 4.0 2.3 (+) (+) (-) (+) obliterated x
NK 15 M 35 2.0 (=) (+) (+) (+)
LK. 4 F 18 2.6 (+) =) (+) (+)
KY. 16 M 65 (-) (=) (#) (-) (+) obliteratedx
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( left septum )

Fig. 7. Schematic representation of the measurement of diastolic posterior excurtion
(E) of the IVS.

IVS=interventricular septum.
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Fig. 8. Chest rentogenogram, jugular phlebogram and interventricular septal motion of
the other severe case with funnel chest (15-year-old male).

Sterno-vertebral distance is only 4.7 cm in diameter. The jugular phlebogram shows an early appea-
wave and deep ‘‘y”’ trough with a loud, early diastolic tricuspid

9

rance of the ‘‘x”’ trough, tall ‘v
rumble. The interventricular septum shows the same pattern as in Fig. 6, that is, an early diastolic
brisk anterior motion and a gradual posterior motion during the left ventricular slow filling phase.
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Fig. 9. Short-axis, cross-sectional echocardiograms of the left ventrncle at the level of the
papillary muscles from the same patient as in Fig. 8.

Upper panel: End-systolic frame. A line drawn through the tips of the papillary muscles inter-
sects at an angle of 0° with the plane parallel to the chest wall.

Lower panel: End-diastolic frame, in which this angle shows 26°. Thus, the left ventricle has ro-
tated 26° from diastole to systole about its longitudinal axis in a counterclockwise direction.

APM =anterior papillary muscle; PPM=posterior papillary muscle.
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L7EIED 3 Flicis T, INHERY L iR I 0
AEILTE L <N To angular displacement iz
X LR EPLE LiciEED rotation DFRE
BB L. 2oOfREE, 3flepicEEIChS
TUREHICE A KBt rotation H3EBH 5
iz,

Mirro &2V (3UNKEH] & HBRHIC I 1T B AL 0
angular displacement #:#fll4+ 5z &icky, &
FEOLRE#H0 L Lic rotation DOEE#HY
55z LEiEfL, ASD TRIEEH hoLRE
BEPBE, EREOERE, BEothRES) Ik
NTH L NITHEAKA rotation EF¥, ZhpFE
WRICIERRELEZZIELY, ZOEED ro-
tation {3 ASD IZHHMTHD LERL TN S.
LaALEMNS, bk z o rotation k[ EHfE
EE LD BB OWTRERLTWARW. KB
523 ASD o.LEFREERICOWTRIL, &
 ICATEAR LA OHLIR R 5 EB 0 AE O 2
BcEETHHZ LERBLTWS. FHEICSE
W, Bk 3H LD vas, DEPRSILER
#itHER &R LT £ T Mirro & 0L
FiEDLEED rotation %3, FLERIIE S ES)
OIRfAL L rotation & DREITIXE & A7 BAEE2ER
» bz,

PEDHERL Y, LEPROILRERERS ER O
A, EEHICREEOLREEPLLE LR
HAEESES I X v OESEE LTRREICH >
Ltk Bledic, LEPRREOIEY 25 EE
ITbHshsRRETFI LD LEEL LN
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4 BERIKERBEL CEFREFEHE O QIR
20T

wek, SEAREO BE LR x ROBAE LD
RO IUEH& RIEES) & o BEICS>W T,
ZRFAHETLY, FOMTHRY, FEEESO R
ETeREtEhTna. L, x AOAEELEY
T SRE R D RBH L LE PR ORI R EES) L
ERL7cniF, FRIXKEANTHS. FHET
i, RO BE Thebb x ROBEHES
X OBAEMBER, IRERHOBERO HBLL v &
DHEE B L RN y B LLEPRO IRA%S
BB L ORICIEVEERRD b h, WE LI
EZED rotation LWHRI—DAHI=XAITLY
AELRETHB L BxbN. LHLAYD,
DEHRER EF T b EFHRE Tz x AR
E xR L | (REE) R, OERREOMRS%
HESHRH SN THOEFEOEFHIKKE 2R L 14
(P&E) 72 £ OIS LEB® bhic (Table 4). =
it rotation theory 7213 CIXFBHT &L WHA
ThY, EHEREPALROBFERERET S0
R, DEPIFESIEAmLE O MITEEICE
BahsrlkbTRrnwriExbh.

-3 #

RFasE 24 ) & MERATHE < X v RIE (12
#l), HEAE (7 4), Ef@ﬁb@3ﬁﬂﬁﬁ,%
OLEE, R (L  CEERE), O=a—X
(& LERREES) OFFTRERIL, UTO
T L EREEGI.

1) IIF AR SIREC HRL, BEEfT
AR S EOER R R L.

2) ZRBUIEHT T3 841 (33%)icH
bh, LICHEHEFTIE 80% LERIEDLA
Tz.

3) BRI, BEEFIZE x A0 BHH
L PAEMER, IUREEHOBEERES HBRL v &
DHEEBIVEN y £%3R, HEEO24HLH
SED 1t x ROMFAELZED. Zhbo
3BT BT ZRPAFEARL - DIMNERBIEER £

RBHaoLER - DER - LT a—K

oapHEEv oY, BHEL x AHEO —F
Lo BbnEtELLNE.
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