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Summary

M-mode and short-axis two-dimensional echocardiograms were examined in 4 patients (pts)
with congenital total absence of the left pericardium (pericardial defect: PD) and pts with various
cardiac disease including 17 cases with atrial septal defect (ASD), 11 with surgical closure of ASD
and 7 with funnel chest (FC) to assess the mechanism of abnormal interventricular septal (IVS) motion
during systole and diastole in PD. IVS and left ventricular posterior wall (LVW) echograms were
recorded at the level of the chordae tendineae, and the short-axis two-dimensional image of the left
ventricle was recorded at the level of the papillary muscles.

The following conclusions were derived from this study.

1) Four pts with PD were divided into S type (2 cases) and D type (2 cases) according to the
abnormal IVS pattern. The S type was characterized by paradoxical motion in systole but almost
normal motion in diastole, and D type by gradual posterior motion during left ventricular slow filling
phase but almost normal motion in systole.

2) “Diastolic” abnormal IVS motion, such as the D type of PD, was also observed in ASD and
in severe cases of FC. In these pts, angular displacement of the papillary muscles revealed exag-
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gerated counterclockwise rotation of the left ventricle around the longitudinal axis during systole.

3) Normal subjects, pts with PD of the S type and pts after surgical closure of ASD had both
the normal IVS motion during diastole and a minimal degree of counterclockwise or clockwise left
ventricular rotation.

4) A good correlation was found between the amplitude of diastolic IVS posterior motion (ADP)
and the angular displacement of the papillary muscles (r=0.77, p<0.01) which will reflect the degree
of counterclockwise rotation.

5) Short-axis two-dimensional images of the left ventricle in pts with PD of the S type showed
marked twisting motion of the heart from anterior direction in systole to posterior direction in diastole.
In pts with PD of the D type, however, IVS had no displacement during a cardiac cycle compared
with exaggerated motion of LVW.

These results suggested that systolic abnormal IVS motion of PD (S type) was mainly deter-
mined by antero-posterior displacement of the heart, and that diastolic abnormal IVS motion of
PD (D type) by exaggerated counterclockwise left ventricular rotation. In particular, gradual posterior
motion of IVS during diastole would reflect well the degree of counterclockwise left ventricular rotation
around the longitudinal axis during systole.

Key words
Pericardial defect
rotation

Diastolic IVS motion Papillary muscle Angular displacement LV

Table 1. Examined subjects

T L&
Subjects No. of cases  Age (years)
ek, S RMOFMERIBSE (pericardial defect: -

- , R Normal 20 28+ 3
PD) @ity Ehe LEBTHE L BXHNT Pericardial defect 4 43419
E. Lhl, EFOLTa—EOERICH Atrial septal defect 35+14
v, FECETIHEIEE Ao B L5 1Ck preope 17
STERYD. I, FEOBW LEEARLE postope 1

thf@ (interventricular septum: IVS) o B4 HE)
DOHBITRRE L, 2 OREBFICOWTRFTT
5z LIAEORELMD EICEDO THETD
3.
AT, EfELT PD 4 fIoREL B
X LRI 5 IVS EHOBERERICS
WTRETL, & HIIEFF, ZRILKIABLEF
f@/ci8%E (atrial septal defect: ASD) &8 X OB
3}big (funnel chest: FC) o IVS fif) & o Mgk
RELMZTHRET 5.

x4 E

BRI EMELE PD 44T, HESdHREL
CEIEEF 20 gL, IVS OIMEH 5 v 3 yhiE

Funnel chest 7 15+ 8

WREES 2 A+ 5 ASD 17 X8 FC 7 4
¥R, s, ASD i@3fffg 11plic o T Hik
#f L7z (Table 1).

EMizee% PD o2, 3Flicon TIZAT
S X DR L, Y 1fiTRrL==—K
&3 1IVS o REER OB I X OSEFRE
DEFHRMIT X W IRE L.

FC g X RMAmEKRIC & 2 laF - #HEE R
Bt (sterno-vertebral distance)® 73 7cm LA,
Thbb PEE~BE 27T flii o TRETL
Iz,
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B, BAFRICBWTEE L EREHER

B & BFRTENLRFALERTHY, WEROA
1. EER#HMERCKSEE RIAMEOEW, iR OZER g E/IC—
HFR LRI BT 5 EREHTER & & BT5. Lih->T, TLERE»SHTRRERR
L, Bi%LEEA5 (antero-lateral papillary muscle: Hin, #RTIEE, SEIOWER TR R
APM) B X U 2L5EA (postero-medial papillary NHEBELTWAEDIC TRHREE, 27T
muscle: PPM) o il & & S AE# 25, 1Y Ltk 3.
TEHOMICRAL T 2 A E (angular displacement) ¥, PRI X CURMESHI 0 £ R G E
FEEOE# 9L & Lz rotation L E XY, [ *EhEb¥ T (Fig. 2), IVS L Ex%EDE
¥ & A TR KE R Bl (counterclockwise ro- LR EENEDTEE (left ventricular shape)

tation) ¥ 33& & (+), WaE#E (clockwise KON THIRET L7,
rotation) +BIE % (—) L RH L7 (Fig. 1, A).

A B

(Diastole)

ant.

B + . /L
Lvw —/—\____/

Fig. 1. Schematic illustrations of echocardiographic measurements used for this study.
A: short-axis two-dimensional images of the left ventricle at the level of papillary muscles.
(+): counterclockwise left ventricular rotation about the long axis from the view of the cardiac apex.
(—): clockwise left ventricular rotation about the long axis from the view of the cardiac apex.
B: IVS-LVW echogram at the level of the chordae tendineae.

(+): posterior IVS motion during left ventricular slow filling phase.

(—): anterior IVS motion during left ventricular slow filling phase.

RV=right ventricle; LV=left ventricle; APM=antero-lateral papillary muscle; PPM =postero-
medial papillary muscle; IVS=interventricular septum; LVW=left ventricular posterior wall; #=
angular displacement of the papillary muscles; ADP=amplitude of diastolic IVS posterior motion.
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--- end-systole

— end-diastole

left —|— right

---- Q post.
-1VS

D type S type

Fig. 2. Diagrams of the short-axis two-dimen-
sional images of the left ventricle in end-
diastole and end-systole in 4 patients with
pericardial defect (PD).

The S type shows marked twisting motion, from
anterior direction in systole to posterior direction
in diastole, of the heart during a cardiac cycle. In
the D type of PD, however, IVS has no displacement
during a cardiac cycle compared with exaggerated
motion of LVW.

IVS=interventricular septum; LVW=left ventri-
cular posterior wall.

2. ME-FDza—-RICKkD IVS EEORKRE

IVS . EZ#EEx o — 2 5 LAORREITLRIH
MEMEL, IREHR X ORI O &0 £ 73
KRSV DREIC Lo 7.

IVS EBh i InHEH & FLaR# IC 00 TIRET L,
In#E#IE Diamond &1V type A %, LR
EEZERAS D S IREH % TRRR &5 EE)
ERTHAR TREED,, RFA L £
IVS b - & bRIMEEERIC IRALT 5 AR
AR TH 2 b HERY £ T O RALRIE (ampli-
tude of diastolic IVS posterior motion: ADP)
ZEHAIL, BifREECESHEE (-), BIH»D

BEw (+) L RH L (Fig. 1, B).
FRLAEBIX M £— KLz a—RE&Eici
Aloka ¢ SSD 110B, W@ ze&icix HEZRE
FEERBE LR ZWERE SSH-11A 2 Hv, zh
FRORBIRT A FHAFITE VT

= g

L ERH &IV EEBEEHICHITISEEHO an-
gular displacement qigg (Fig. 3)

FC (21.3+3.6°) & X U'#fiai ASD (14.5+6.1°)
XIEEH (3.843.0°) iR THE (p<0.01) £
KisEREESH btz £z, ik ASD (0.6
+6.8°) o ks EHREROREIHTET ASD 12t
RTHE (p<0.01) i@ L, BEFEFH L R
@ angular displacement Z;rU7:. K&, A
e )X iEEtER & R+ open circle o 1§13,
ASD oEB@E KR shiz patch BEBFITH
5.
Eflze% PD 3@K%s REHREEZ &7
24 (16° 38X 10 21°) &, @& AL angular dis-
placement ZR&R W24 (—2° BL v —3°) I
SFTEI.

2. IVS EEhs EEERH D angular displacement

DRYEHE

a. EXf (Fig. 4)

IVS (e + X O RRE 238 U T REES)
¥, ADP i1 0.6+0.5mm THYy, +1.5
mm P LERLEDF I HIOHRTH 7. LI
o angular displacement 3 3.8+3.0° (0~9°)
T, BEERENE 2Rl R L O +10° LLED KR
HREERE R TFlEIEL bR o7

b. ZflzE2% PD

IVS @@ 7 — L i3> XD 2RI HFHTE /2.

S type (Fig. 5): IufE#Hiic paradoxical motion
BT, PORENCEERR RS ER A LN
WA (2 ).

D type (Fig. 6): IGHE#IIZRI 2R\ TIRIFIE
HH L AR O%ITES 2T, ERICRE 2
BIHER D5 B E (2 ).
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Fig. 3. Degree of angular displacement of the papillary muscles during cardiac cycle
in normal subjects and patients with various forms of heart diseases.
An open circle indicates a postoperative patient with reopening of atrial septal defect.

PUbo2®8ogt D type 2 fliZ3LEEFH O an-
gular displacement D% REE R EER (16°
BEU21°) 2R LIS, S type 2 FlidiE
L A EFZEA angular displacement (—2° 35k
» =3°) ER&H Mol

c. ASD (Fig. 7)

ASD (i B UNAEHI B X OHLIR#I o IVS &
BN F — oW TR T TICERE L. K
T, & RILRHOEE) N F — i onTD AR
et L, #LEEFF D angular displacement X B
st L 7.

#iwt ASD <ix, ADP (4.0+79mm) kO
FFEMG > angular displacement (14.5+6.1°) o

WFRIRBWTHLEFHFAOZAS (0.6+£0.5 mm,
3.8 £3.0°) icHREFEEE (p<0.01) BFHdH
7. ADP 7% +1.5mm Ki, FEEMFH D angular
displacement 7% +10° RifizRL7cDT 2 HlD
#TohHY, 1HlaEsEER T I ofiERYHHT
¥ABEL, Y 1 FlixEfESE PD o Stype
LR 1VS @E#ham L k. % 7, ADP 2
+1.5mm K<, HIEMH D angular displace-
ment 23 +10° LA Eofi 3 FlIICEES bz,

#it% ASD <ix ADP (—0.5+1.7mm) 3k
U'$LEEAS angular displacement (0.6+6.8°) @y
FThoEFHMICEL .

d. FC (Fig. 8)
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end-diastole

nd—systoie

angular displacement: +3°
ADP: Omm

Fig. 4. M-mode echogram and short-axis two-dimensional recordings in a normal subject.
IVS has no shift during left ventricular slow filling phase. Angular displacement of the papillary
muscles shows a minimal degree of counterclockwise rotation.

IVS 33 & U iR ENER 2R L e /& Bl IEFHBE 538 0 6 AT,

EEHERAR O 207 fiFER 5 L O £ 0%o 3. EEEHMERICKZEEREOKRS
rebound & L CTo%FFERNH 7 ) 2 1] (WFh
3, sterno-vertebral distance 2% 4.5cm 5k ¢
5cm OEREF]) AN, b O BEFTR
X, IEEHEOER DS Wiz LIF LIZHET 5

AR ~, JLiEREC

Mo TWBESY. E72 ADP (3.3+1.2 mm) T Dﬂbzuntt —%, D type 24T
B L OELEEAF o angular displacement (21.3 + BT D 2B LT H LWRM E5R 1,7‘_7):

3.6°) 13, EFFIC HTHL AR FEE (p< WS@%M@&&AEWb6ﬂ&moL

FEMsEeR PD 4 flic 8 2 UUE(], B &
ORI O LT L~ L 0> 22 52 il (2] %
EgZ\Jﬁ StweZW TIIEERR AL
TERTT ~FE mm

0.01) Z/RL7z.
PLE, EFFS IO FEEERICHST 5 ADP
L $LFEG o angular displacement D% % Fig.
WO A, mE o r=0.77 (p<0.01) »

ASD o= Nz D IEfE (left ventricular shape)
3, IHEC s W TR %Ltﬁiﬁﬂﬁ%f
1 IVS BEHYE D v idEEBENIC EH T 5

uki@iﬁéﬁkbk._wipﬁﬂ&w

— 54—



DM R AFRARENC 35 1 % 003 Hh sl

1988.4.19.H.245

end-diastole 5 end—systo!e

angular displacement: -3°
ADP: +0.4mm

Fig. 5. M-mode echogram and short-axis two-dimensional recordings in a patient with
pericardial defect of S type.

IVS motion is paradoxical in systole but almost normal in diastole. Angular displacement of the
papillary muscles shows a minimal degree of clockwise rotation.

ERPEOEAE, LEflee® PD sxrw FC IVS o T, BanEfio I +2 2 &2 e
CBWTIRIZEAERBD LR P> T. wEh Ty, IVS oREEfhz RaRrnWEE
. - Z 5N TS K PDS? Loxftb e L&
== bT, ZORAEBFICE L T% < 0Bk H

AR, D= 2 — RO R X Y SRS E K nTnd
HIE (PD) o RIBHEMES L > TE k. K gek, IVS o TIwiE, 8D & & 7249k H
JED BWHRE L LT, Ltk AVS) o fsE B <P, LB XIERE (ASD) 13+
BT HIE Th 525, Payvandi 5935 4 OREMFEBE LT HEHR S Tws. Diamond
DO EMSERT PD 2w, Diamond & o4y 5103 ASD o IVS Tijuigdl, #ES) = type A

FI0 O type A 233 4,

type B MR 2HICFED 5 (paradoxical motion) 35 X% type B (flat mo-

Nree#EL, wFho flicksnwtd IVS o tion) IZHHHL, ZNbOFTRS AEARATH

CIHER L (23 i B SR & 3R L T 5. BOBKZ XV ERSICTHZ L E#HLNIT L.
ZOMo HWET L, AElsgell PD Tk ULt KESPi ASD tizzon k)
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end-diastole mid-systole

angular displacement: +16°
ADP: +4.8mm

Fig. 6. M-mode echogram and short-axis two-dimensional recordings in a patient with
pericardial defect of D type.

IVS shows abnormal posterior motion in diastole but almost normal motion in systole. Angular
displacement of the papillary muscles shows exaggerated counterclockwise rotation.

7 typical ¢ IVS o TIw#iEll, EB) 57— & {#if] L 7= cineangiography I X %37 £ 23 &
SEHEmIEERTH Y, ASD ojiEEICTT h, EFplcBWTTRDEOEZ PO e Lich
Lo THGEN, T s BEED), ThbbiER Fhe EFEE B~7°) LA LanZ Lt
LT D SIEHERAINC 22 T ORI 78 e McEh, ZhHEODEEBELTHWS
Fhosk v HEARICRY HDHT L LR L Tn 2, Do Ell & s & U e [BERES B X O
5. o TN, BEED i ovw TR, fEH L E s & L iRTFEEED) (pendulum mot1on)
510 4 (FC) ek 5 IVS oR#upii PHIRL, Z0REE, RO X MR &L
LUTHEL, 2K L L THiEE DM 250 L BEBHO—H L > TWBZ L EZRELT
NigkpiT e % ) L'é“é L X v, JESE o rotation 73 V5.
L H-bThsdEREHLTND ASD 23} 5 /5 rotation (Z5 W T,
—J5, O A& C T (/mujhiézm rotation DA 520 3SR X ARSI, LKL
T WL, BT O TELEET, endo- HEICE > T EENHEFICIL EIbh a7
cardial marker'® 35 ) ¢ epicardial marker'? % B, DRI A B AT IEE FIUHERIIC SIRER 5 i
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end-ystoe

Fig. 7. M-mode echogram and short-axis two-dimensional recordings in a patient with

secundum atrial septal defect.

IVS motion is abnormal during systole and diastole. Angular displacement of the papillary muscles

shows exaggerated counterclockwise rotation.

[y % &b ~Tn5b. 7z, Mirro 5% 335
i VRS IS T B e s b E X 2 fRak L, PR
W15 5 WHEHIC 201 T o FLEFWAE (angular
displacement) 7% ASD TIZIEFHICH A TIEA
7 A RR AR+ 2 A IS L, Z oSLEE
o angular displacement (3555 rotation # 7
Wed % L L.

Lk, FEZO #iil & AW Fig. 3 o
Fig. 9 ORI #EREBAETH L, 2EFD5 K
giysh 5. 1) ASD, FC ik v&£flse4 % PD
o D type T IVS o TjLiE#, BEER B X
OFLEEM Ok 7 angular displacement 73R
ICHBLL, 246 ORFEAET LT IER fl5 X O

sz PD o S type ICi3@E» bhinv.  2)
flitc ASD Tflini ASD icg8e» i/ IVS o
THRRM, FUEGES), 3 X OB oA an-
gular displacement (3{4%:+ 5. 3) IVS ofif
Wiz amARE (ADP) & 385 angular
displacement ORI {F % w T flif7e EAR 2
Bobhs. 4) FLIEMORRIFOMERYE H 2
WX FLEERS & 5 T e AT O RIFTHIILE S 2 A E
TRAFRL L, FLEEM® angular displace-
ment [3/E5E 0 rotation OFLEE # T E ML 5 L
Fr2TEw., Led-1T, 5 IVS o TEiE#
B %5 B IEIELNC B 0 5 AR o ElR
DRHATHY, METHIE, IWEHICB T 545
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angular displacement: +26°

ADP: +4.0mm
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RN
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tole

: end-sys

Fig. 8. M-mode echogram and short-axis two-dimensional recordings in a patient with

funnel chest.

IVS motion is abnormal in diastole but normal in systole. In early diastole, IVS indicates rapid

upward motion. Angular displacement of the papillary muscles shows exaggerated counterclockwise

rotation.

O R REHROFEH TH 5 5.

AW TR AEMEET PD & IVS E#j 5 —
b S type 8L U D type o 2BICHH L,
ZDRETFIC oW THRFT L7c. IUE#lic para-
doxical motion #%s;E3 S type Tix, ZE=FHll
WrBX T IVS i X OEEKEE &5 DiEEREN
ILHERC NS AR ~, EBRMEHIC E s ~R AL
5B pi#ES) #7, FLEEA O angular dis-
placement ZOEAHZ W U CHEER B ETRS 4
Mole. ZOFTRIED XY EREDOLO D IRITE
BRI 38 1 BIRTHGES) (pendulum motion) (ZH
PILTH Y, ERIHEIC S W LEED rotation
Rl A b WlREBPEL LTI 5K

W, IEOFEHICK L TR OV IRBIC R Y 9
pEBbhs. —J5, RIS %I7ED) &
73 D type T, ZesiEihiiE X <= BRERT
DR & TR WiaR L, TVS o
BN L AL DY, FLEEA © angular
displacement (K7 R & 7R Lic. 2
ORZEIC BT 5 IVS OfRIG ~0 BB »
EEAERLNARENWZ L, SLICEEOFERLRK
R EIE MDD 5 Z LI2 X b, EEIFEICE W
L Mg DBEH A iy sz & <fThh s b o L
b .

PLED X 51T, AEITB W THLIMED KIEES
& DD RN ERfR O ZERIC X Y, Dl
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ANormal

AFunnel chest

@ASD (preope)

OASD (postope)

5 DPericardial defect

¥=0.19X-0.2
r=0.77, p<0.01

Amplitude of diastolic IVS posterior motion

-

-1}
P

DHMERIBEE IC BT B OB EED

-10° 0°

10° 20° 30°

Degrees of left ventricular rotation

Fig. 9. Relationship between the amplitude of diastolic IVS posterior motion and the
degree of angular displacement of the papillary muscles.

HiEESEE L Le S type LB EESES) &
F& Lk D type 0 —BEADOKEDOHFET S L
NELLN, fko M £— Fkic & 5 Payvandi
BYDEXDHZT ZORELE HHAT 5 L ITREE
ThorLEXBNIE.

WFERIZ LTS, IVS oiig#ic s i 53EH)°
&2 — 2B X OEZEHEERX D angular displace-
ment (%, ZZE D rotation DR ERFTT B ET
BEREECR Y Y LEDbI.

B ¥

FERESBUSERIBE (D) 44lics 1 5.0
el (IVS) OUTHEM 3 X O SEIRRBES) 2 B
U, &5 IERH20 6], DFEBEXRE (ASD)
17 43 X ORHi (FC) 7 flicis iy 5 IVS Sl

EOHBHERELMAT, UTOREEE-.

1) AEfise£% PD o IVS #E#h s — i3I
#E#Ic paradoxical motion #5RLU, ¥EEHAICIX
EFEB 2R 5 S type 24 &, INHEHIZE
HERVTCIREEFESERL, HREHICEIRE
nEGESERD S D type 24)) KHETE
I-.

2) FEsEUMEROREICE Y, Stype Tid
EESEPIEEIICERTS ~, IEREHICER
H~BET 2 ERLi%ESH 2ES, D type T
A &8 U CERLR RIRER) 2 R T EE%REE
HRT, IVS Bzt A URIMETRESR o7z,

3) wE#cEIT s IVS o BREERITERE
2% PD o D type Lisfic, ASD v FC
CBWTHLERIZEBD LN, Zh b of T,
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FLEEG v R C B A EEEMNER T, IUEY
IZ3LEAM; angular displacement (IR Z KRG
KEWRE &R LT,

4)  EE#Ic IVS oIEFES) % F o IEE]
BXUEMESLE PD » S type T, IUHEH
B & SLEE @ angular displacement # R &
oz,

5) IVS ofiaE#iic 317 3% 5 EBHHRIE (ADP)
L9 FEfG» angular displacement & @ i
r=0.77 (p<0.01) o RB4F7 EMEBEI &80 7.

6) LIEDRENS, Eflzze® PD o IVS
REEST S type TROEO AikiESH, D
type TiLUMEO R % Pl & Lic BERES) A
3EREEZON, < M E—-FEIRE?
IVS ofiiE#i% s Ehix, IMEHICE T 5 £%
O REEFRER 2 KT 5FTR Th 5 Z L AR
hie.
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