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osis LXK PIFTREMVOREBTH 5, AEDOLF XA RIC>0 Tk, Forster & Humphries®
I U & LTHEROWENZR R DDV F 22 27 G 2 2 o513 &, 22X DT R
L—F LT,

bivbiuk, AE MEEOIOPTH U, SRS % 1770 - 7o R, Ao OFR RS, £ 4
Y& v F#lo pansystolic murmur, fgAVI F5%4, IO INENLFLET LI L, ETHDH EE
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Phonocardiographic study in patients with two-chambered right ventricle associated with
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X o THER I MIC13FID 5 b, (LFRF 55 H D
AR TH - 1106z 55 & Lic, 4L 9T n 47
FETT,HMNIBF400, LT60ITHs, Inls,
bIbMAARIE & S Lokl i ok, Fi-
gure 1 IZ/RT T &<, BEICHE LA s}
MBI EBRTHERWTAEREY#EL, A%
2595 L0T, WHhae infundibular stenosis

LR DLOTH S,

B &
. ALH»T—TAFR
Table 1 R+ & <, EHI10 &BR <M O 99E . ' ) o
Figure 1. An example of right ventriculogra-
#lx VSD % 4&0FL, F#DOXKIAOIL3 T high phy demonstrating the division of right ventricle

proximal to the infundibulum (arrow) by the

pressure chamber Zf7jE LT\ iz, BRI L
EHEFTENTS -7, A FENED 5 high

pressure chamber + low pressure chamber *

abnormally developod right ventricular muscle

DORIE 18 mmHg 7eus U 162 mmHg o 4 101

Mz bht, high pressure cham-
ber o end diastolic pressure (%, 6 Table 1. Right heart catheterization data of 10 cases
of two-chambered right ventricle

@t 8 mmHg 7¢us U 15 mmHg & |- 5

PA RY tow | RV HIGH

DI B, SR [ HAE SRR, PAT. |AGE SEX|PReSSURE | PRESSURE | PRESSURE | RAa QP/QS
L.TN. |15 m | 35/11 | 38/ 0,7 |75/ 4,9| 10 1.5

TRTALEBRE KR fa A& b aNF |14 f | 28/6 | 40/ 2,3|60/0,6 8 1.4
b E 7 3EONE QP/QS 251, din B1.5 3B.Y. |27 | m |20/ 7 | 20/ 2,5|38/3,6 4 1.1
4Y.H | 9| f | 30/8 | 30/0,6]90/0,8 ? 1.4

LEfHA R LT, 5C.F.| 10| f | 24710 | 24/ 0,11|82/0,10| 13 1.1
9. LEEFFE (Table 2) 6AM. | 47| m | 25/10 | 28/ 3 |50/ 3 8 1.1
tM.S. 18| f | 26/10 | 27/ 4,8 |50/5.8| 10 1.1

VSD %5 94EfFIciE pansystolic  gx K. 25| m| 18/12 | 18/ 5 [180/5 13 1.1
murmur 2 b, VSD apppze 35 47 £ 30/10 | 35/5,18)120/5.15 | 15 1.1
oY.K 13| f | 3013 | 30/ 4, 8110/ 4,50 14 | (10)

SFEM ¥ ejection systolic r-
ezl A0KERE: gjeckt y 1c mu PA: pulmonary artery, RV :right ventricle, RAa:a wave
mursiiBZd bz, HEOmMAIL 3 %  in right atrium, QP/QS : pulmonary vs systemic flow ratio.

. . RV pressures in both low and high chambers are expressed
#3LSB, 7HIn4LSBicd b, F ok pressures 1 2 e e

by systolic/diastolic, end diastolic measurement values. Case
ZOMRIL, 4 high-piched 7¢4 1 10 had no ventricular septal defect.
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YEV FRITH - 7o, Table 2. Summary of phonocardiographic data
= S S AN 27 SYST. MURMUR S2 (sec))
m;ﬂ%w}%ﬁabi, 'La'j<l,lg7b rO 4LSB THL PAT. CHARACTER PM. | 0-A2 0-Py AZ-;C A D.M. 53‘4
#t&hp mid-diastolic murmur 2334 | 1 N | pan, |<>' 4L | 034 o042 o008 23 AN::IEDQ -
1T FOMHEFILPHFLFIKT
Preses bh, L ORFEAHFLHRNTY 2.N.F. | Pan. O 4L | 034 044 010 13 MiBaE
, . LATE 4L
- &b BTk S e,
o 3B.Y. | Pan, K>l 4aLfosr 2 2 2| = | =
HiL, 1P ORITRER S e DA P(-)
MID.
TH o1, §.Y H.|Pan. O 3L | 037 045 P?Sdsimen:a[ s | &
FTix, 6D b, WIFhioi  5C.F | ean. lQ 3L |03 04 008 2 | — | 4
P_rudimental
AIE I T 5 £ LB S h TV S 6.A .M. | Pan. K>| 4L |038 048 010 12| — | 4
DIEFHTH - 12,
’ TM.S. | Pan. O 4aL|037 043 o006 g | — | 34
OFFLOIEIRS 7R L, COWNEEIE
= = - 8K.K. | Pan. O 4L | 035 ? ? ? - 4
IRp Doy 4R, I/ 0.06 B, #xK 0.10 P(-)
B, F0. ST HRsxbw T A8V [ [ a2 0 0 | -
BT 1o, KREGID Q-Ap interval 4y ° EJECT_'<>| 2L |03 a7 _o0s 2 | - | -

(Q-TIT A RlE) X U° Q-P, interval (Q

_ =Y 2 A AR [ 2
P [ 2, 5 1OHERPHETH SYST :systolic, PAN : pansystolic, EJECT : ejection type

B0 U IEFE0YFEERL 127 = P. M. :point of maximum intensity, 4L, 3L and 2L :
4th, 3rd and 2nd left intercostal space, S2:second heart

® ysD(-)

3 i e e A =
» M5 L, Figure 2 ol icss i Q sound (II S), A2 and P2:aortic and pulmonic component
A, interval, F/cbhb/AZE M EEM X (TA and I P), D.M.:diastolic murmur, S3, 4:third and

VSD wfspizreL etk ChsgoR (TN (1 1 1 e
& 575, Q-P, interval 134 GITE S il
MPFERR LD FIRZ LD 000 2 2, AEIHERRIOLERIVRE S D,

13 DN EIR /LGN B TR A /8 Lic, $7cbh b 2 LSB okl 2 &% 0% KT, TEKEH
RIS DIRIE 6 5 TEFHBIRL S OIRIEO A KD, FRBDRAERY S T IP/ITA L,
BEEMNCZ DM ORIL 2R THRECH V3 &, O LiRk&E2/3, &/N/8TH D, 3FEMTIXI PPy
DYRIFE2IFFE NS L MEREETH - 7o,

ERO BT
HE HEO WIS 1 T T

FEGIL, 157 DBETT, 4% 1 »AOEFTTCIROEBLIEH IR TV B0, BT ¥ T B ERER
A5 GBS LT E 7, Wi ORI (Figure 3) i, 4LSB Iz A1 % Levine 55
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Figure 2. Electromechani- QA: QP
cal interval (Q-A2 and Q-P2) 5o_sec' _sec‘
of 10 cases with two-cham-
bered right ventricle

Solid and broken lines are
normal regression. Cases with 50F L
two-chambered right ven- .
tricle showed shortened Q-A2
(i.e.,Q-TT A) and prolonged Q
-P2 (i.e., IQ-P). Q-A2 in a
case without VSD made an
exception. P2 (I P) in 3 cases

was not suitable for measu- 30l i
rement, because of the em-
bryonal nature. . . . . 1 L . L .
50 60 70 80 S0 100 50 60 70 80 90 100
HEART RATE (/min.) HEART RATE (/min.)

®- VSD (—)

D XA v v FHo pansystolic murmur b, OARET 1 ~ 2 %@ mid-diastolic murmur 73388
s, TDFILIEE 2L, A-P, interval (I HIESE (EFT0.08FTdH h, Py 1k A ik L
THFFB LT 5,

Faif X4 i (Figure 4) Tk, oM E, EVLMBIRS QR H2ARD b h, OEX
T (Figure 5) <%, Vo R/S iz 1.1, T pixbstk, Vs o Rk 5.7 mmV T, E=RKC iz

THEIERR LR D, HOHT—TABETIE, GUOEENCERZENAR bR (Figure 6), RVinf.
75/8, RV out. 38/8 mmHg 7¢ » T\ %, QP/QS (31.5T, L-AEiREOMMNAELBIRD, THiT
FC¢l%, high-pressure chamber X 1.5cm @ VSD 23 bi, PEniiEiE lem Tdh -
7= (Figure 7),

z =

BHE R, HEORAEETH Y, LOOLERFT ROV CREMIBR & Inx ok didd e <,
F - FOFF I oL T L —3 Ui Bfigld/eus, 197148 Forster & Humphries® (3, A5ED1841% k4
L LTOFERACFENIS R G A Ty, IEW TE 0%, EWMBkIEEYE, % X o LLSB <To
thrill % /- pansystolic murmur 23ZWIMIAIEZE b > T2 LG Lic, Lo Lieh b, THFIC
BT osbhbhofgiic b i, 20ITREVCSRAR b, AR T EGEIIRE 233855 LT
WBDHBEEBTH - 7,

Isolated VSD TH#HMRAL SHTHZ L03B5 L XALHMOR TR Y, ZOBFL LT, £
IR I O JEHE, 3 & OREIERRIOLER,N % 2 bh Tw %, Zhes LAREDO 1T, Q-Ag in-
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Figure 4. Chest roentogenogram showing
increased pulmonary vascular shadow and
prominence of the pulmonary artery. Case

T.N.

Figure 3. A typical example of the phonocardiogram

in a patient of two-chambered right ventricle. (T.N.)

15y. 0. boy

Pansystolic murmur of grade V/VI was maximal in 7=
4L (4th left interspace:4LSB), and faint and short S

mid-diastolic murmur (grade I~II/V) was present Figure 5. Electrocardiogram showing combi-

at the apex. The second heart sound was widely split 4 o001, Lypestcophy. Cage TN:

see 2 it 1 ; ras i <Dira—
(see 2L),and the split interval was 0.08 sec in expira Beside left ventricular hypertrophy, the R/S

tion. Pulmonic component was smaller th ic. s, . .
p an aortic ratio in V,; (1.1) suggests the concomitant right

ventricular hypertrophy.
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Figure 6. Withdrawal pressure tracing from pulmonary artery to high pressure chamber of
right ventricle
Note the marked intraventricular pressure difference (37mmHg in systole:see Table 1) and no

significant systolic gradient between pulmonary artery and low pressure chamber of right ven-
tricle.

i

Figure 7. Operation finding showing abnormal muscle band and stenotic orifice in the right ven-
tricle (arrow). (Casc T.N.) (left:photocopy, right:schema)
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terval, - 7chbASINERRIL, VSD % {fEi7ou 1 filabi\ o ik omiane 4 o, isolated VSD ¢
DX FILHEM R O & RO THh B 2%, Q-P, interval, 7ch HAAEIHEMRIL & G2 L T
R LT\%, isolated VSD T4, Q-P, interval OiEENKEH b DA, % FEfETIE VSD %
fEbig W EGIC ST, Q-Py interval OBMIIERN A BN D 2 &b, HENO R AL AE
BRI DRI S LTV 2D EEZX bhd, THbLAEO N FFHUORERF L LT, £
ARG D FEfE s £ OB FIHMER RO E LCIERSEE LN T > T b L EX bhvd, FRoOEM
BINRAL 53 DIES DT (X BTk lg w2y, SRR OOl E LTS LTV - Ex bivd,
Mid-diastolic murmur O ¥/ERF & LTk, QP/QS OILI K E W 3EGIC AR BicZ L b,

JE- AR O BRCHET < Lo Wc X 5L 0L Ex bhb,

IVEIX, 6FICED bR, LEBRBVTh - L WRICER ST %, ChicowTHAY
%, late diastolic murmur » LT, low, high, §fj cham-

ber o end-diastolic pressure OEEC X - THET 5 &

BT 225, bRbADIEFIC I TIVE DRI NIIE  aes .

iy, % <ix high pressure chamber ¢ end-diastolic _,,
pressure O |5, I OfLHECE K a Pt (Figure 8)
DIEfEN I s & L pv B, high pressure chamber i ;\ {\ ‘ A ﬁ
R B LAY, DB OIEEIG O R O & 45 2 TR “”ﬂ | |

f
| |
ik | giw e
Bt B M &2 DR, m”bfvb WAHWMWVJ

FEH
10 P4 E ZFEHEIC DT, DFIEE 5 & Ok ¥ Figure 8. Right atrial pressure trac-

Ui, FOER, AfEORM L LT, Figure 9 R4 o 1r.1g in a -case with two-chambered
< right ventricle (Case S.Y., 47 y.o. F)

Note the giant a wave, which prob-

ably account to the occurrence of atrial
sound due to the hight ventricular in-

flow resistance.

SM

Figure 9. Schematic representation of the main phono-

cardiographic finding in two-chambered right ventricle
Characteristic findings are:1) fourth heart sound (S4:1V

S), 2) diamond-shaped systolic murmur (SM). 3) wide split- (

ting of the second heart sound, and 4) faint pulmonic com-

ponent (P2:11 P).

1
(IIP)
(ITA)

=<
-
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Summary

Nine patients with two-chambered right ventricle associated with VSD and one patient
with isolated two-chambered right ventricle were studied by phonocardiography. The
diagnosis was proven by angiocardiography and operation in all cases.

The present study illustrated four important phonocardiographic findings (Table 2, Figure
9). These are : 1) a persistent expiratory splitting of the second heart sound (mean 0. 08 sec),
2) a pathological attenuation of the pulmonic component, 3) existence of a diamond-shaped
holosystolic murmur with low site of maximum intensity, and 4) right-sided atrial sound
or atrial systolic murmur.

It was shown the significant lengthening of the right ventricular electromechanical inter-
val (Q-P2 interval) and shortening of the left ventricular electromechanical interval (Q-
A2 interval) were the cause of the pathological wide splitting of the second heart sound
(Figure 2).

A hemodynamic explanation for the mechanism of the right-sided atrial sound and pre-
systolic murmur is attempted. These were present in association with elevated right vent-
ricular end-diastolic pressure and elevated right atrial mean pressure.

The present study pointed out the differential clue between two-chambered right vent-
ricle and isolated VSD. Moreover, the above-mentioned phonocardiographic findings seem to

be useful to the bedside diagnosis prior to the operative procedure.
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FICOWT, BROHEN 1:

M= B IE 2B 209t

B EMEELGREEC Y 2—) BT
2oL TTII R E L, infundibular PS 2
FORENHE, Fho b VSD 2 84 &,
external .LF X TEIE KD X 5 7ok # o5
HHFEL D

HE CFED  FAROER AN IE R i)
LW U o feb &4, 43ELE LIc
Lo et R b, b AA infun-
dibular PS 4, 7i#i/zs VSD r2i3ois
Exll{beowiFioLwLlBuEd, 5 w5
&, RBECR 7 Vv CAN—F DT le
o ERGET A, oG T, high-pres-
sure chamber, 4 7c4 % inflow chamber <
WEWARIAZT EV D S EDHFEREE v F 3
outflow chamber T{i L¥4 &, &K eH
TR LERADTHEN /IR TWbHI &

i
PIEFTp o DI s & F 4,

B 2K EYHREDD é’_l« 5 Z Eixigw
TTh, 7ok ziy VSD o#fF IExIFED
PS o X 5 s &, 2 fElHH - f;;t 5 s Bl
LT,

;ﬁ% ; 'Jj? WICBY S }:‘E(DC ETT D

, MR OIS E A
5, L& Pard Chcwit =400 l o Jjtcrescendo, [-D
JiTix decrescendo TH -t d L5 fafils

2y, WIS BB D X S I L on D
AT LD,

BE D COIFOLERTRET L, Kb
3L A5 4 M @p Tk pansystolic murmur
MEEAETH->T, 2L TLHBT M 2 £,
= DM DMK L ejection type T,

B MR EoRE LI ODEANLOEE R ES
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1% crescendo k& 0
T, outflow ® murmur |}crescendo-decres-
cendo Dk 5 IS A 2T F LicDTT A

E%-%m&ﬁ%%uﬁwua%BM%of%
D& LT, D 3FITHE, MEEtoRiiicdh
FLICDEF SR LL 77— 20Tk D
¥4, 772, diastolic murmur 73 outflow 1z 2
bilck Wb e TYH, LA OB T,
outflow 1213 5\ 5 HEFILD » T o T k
SwEVET,

B CREEES N EED
BELE LT, FALXHGMI,

&, inflow © murmur
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AR THRE LIcOT

ANEF, R, e, S5O, b, L I
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RE TR FHA,

Bf 25 TTh, RORBRTIE, BEoFrD
R kb L, I x2s86L,
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5§ L% b ¥4 late diastolic murmur 737»
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