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Summary

Systolic motion of the left ventricular posterior wall (LVPW) was studied by M-mode and long-
axis two-dimensional echocardiography in 35 patients (pts) with secundum type of atrial septal defect
(ASD), comparing with that of 19 surgically closed ASD (post ASD), 27 with hypertrophic cardio-
myopathy (HCM), 15 with old anteroseptal myocardial infarction (a-s MI) and 28 normal subjects.

The results obtained were as follows:

1) Excursion of LVPW (PWE) was significantly increased in the pts with ASD compared
with normal subjects (p<0.001), but there was no significant difference in PWE between the pts
with ASD and the pts with HCM or a-s MI.

2) Mean systolic posterior wall velocity (MPWVs) was significantly decreased in the pts with
ASD compared with the pts with HCM (p<0.05). However, no significant difference could be
found in MPWVs between the pts with ASD and a-s MI or normal subjects.

3) End-systolic thickening of LVPW was significantly increased in the pts with ASD compared
with normal subjects (p<0.05), the pts with a-s MI (p<0.05) and the pts with post ASD (p<0.01),
except for the pts with HCM. There was a significant difference in % end-systolic thickness of
LVPW between the pts with ASD and the pts with a-s MI or post ASD (p<0.05).

4) Mid-systolic thickening and % mid-systolic thickening of LVPW were significantly increased
in the pts with ASD compared with normal subjects, the pts with a-s MI, the pts with post ASD
and the pts with HCM (p<0.01). This characteristic mid-systolic bulging of LVPW in the pts with
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ASD was coincident with early-systolic anterior motion of IVS.

5) Basal portion of LVPW indicated the marked inward contraction during end-systole in 30
of 35 pts (86%) with ASD. In these 30 pts, association of mitral valve (MYV) prolapse was observed.

6) Following surgical closure of ASD in 19 pts, MV prolapse disappeared following nor-
malization of excessive endsystolic contraction of the LVPW in 16 pts (functional MV prolapse). In
3 pts, however, posterior MV showed multiple abnormal echoes, indicating MV prolapse or mitral
regurgitation (organic MV prolapse).

In conclusion, these results suggested that mid-systolic bulging of LVPW in ASD is compen-
satory reaction for systolic anterior IVS motion, and that mechanism of MV prolapse in ASD is
related to abnormal left ventricular geometry due to excessive inward contraction of basal portion

of LVPW during end-systole.
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LEHIERIESE (atrial septal defect: ASD) 13
BFEOIREHMARAT 2 X 2/KBLL, AL
FLEEBT3HBRELHFHTHS. KEDOLT
a—HEMRFEEITR L LT, O=ESPRE (interven-
tricular septum : IVS) o % 3EEHL2 ic Bk 3
Teh T3 A, Kil, Zs#e (left ventricular
posterior wall: LVPW) o@hEizc > Tit,
LALRBSh TRV oBERTH 3.

Bft, ASD o ULEEFSERSh3 X dick
p3, LVPW oIHEEBIC >\ T Rit T3 2
Lid, I Ui Lid A0t 2 88 %/0t (mitral
valve prolapse: MVP)&) m3gA-pre & 4 B L
THKEEELEbh 3.

AWFETix, ASD iz 5 LVPW oluiks)
BORBRMICOWTRA L, FIE 0L K
ETEERSIUCMVP oRAEBEICH T 3
LVPW of&liconwTbEkT 5.

xf £
SR SEERAC BB s hiz —k A% ASD 54
i (#faf ASD 35 4, #i#% ASD 19 4) Tdh v,
Wt L LT ERE2841L IVS oEBET
BRI L T B B RMEIERELLAAE (hypertrophic
cardiomyopathy: HCM) 27 {3 X U0 R4 pijaE
HEEESESE (anteroseptal myocardial infarction:

Table 1. Examined subjects

Subjects No. of cases  Age (years)
Normal 28 25+7
Atrial septal defect (ASD)
preope 35 37+19
postope 19 34+16
Hypertrophic cardio-
myopathy (HCM) 27 48+12
Anteroseptal myocardial
infarction (a—s MI) 15 58+8

a-s MI) 15 5| % fjv 7= (Table 1).
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EXBLOEEEEHSFICBNT, M £—
Fitick 3 IVS ¢ LVPW oRIEE&E 217V,
E— LG FRERE OLRBEES L BELE. %
B, —MOIEH| TR EZRUKER optRIc X Y,
LVPW o0& oRE 217 - 7c.

Fig. 1 i3 LVPW o %3 8IEE #53. LVPW
OEFHMELE 2 (mm), IHEHHEEE b (mm)
B & O UG IEEE ¢ (mm) & zhEhEHIL,

WLHE P H L IRAEREH 12 3 17 B BEE OUUERIZ L
systolic thickening (mm), % systolic thickening
(%) BRADZ L CHEH L.

® mid-systolic thickening=b—a (mm)

® % mid-systolic thickening

b—a
a

x100(%)
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Fig. 1. Various systolic parameters of left ven-
tricular posterior wall (LVPW) motion used for
this study.

PWE (mm)=excursion of LVPW; a (mm)=end-
diastolic thickness of LVPW; b (mm)=mid-systolic
thickness of LVPW; ¢ (mm)=end-systolic thickness
of LVPW; b—a (mm)=mid-systolic thickening of
LVPW; (b—a)/ax100(%)=% mid-systolic thicken-
ing of LVPW; c—a (mm)=end-systolic thickening of
LVPW; (c—a)/ax 100 (%)= % end-systolic thickening
of LVPW; MPWVs=mean systolic posterior wall
velocity; PCG=phonocardiogram; ECG =electro-
cardiogram; IVS=interventricular septum.

® end-systolic thickening=c—a (mm)
@ % end-systolic thickening
=2 x100(%)

a

¥/, RIFEIC LVPW oGS KIEE (ex-
cursion of left ventricular posterior wall: PWE)
L s Es (mean systolic posterior wall
velocity: MPWVs) iz oW T b#kEt L7z,

&bz, ASD £filiconTiREZREHER
ERG L, EEREROIEEIES X MEIEFR
oo FEZOWTEHELK.

{EH LB Aloka #1 SSD 110B, k¢
WENETFEERETHBHEERE SSH-11A <,

D RRARIRE o % BEIEE IR

BERT A FHI A V{ToTz.

¥ S

1. LVPW OREHRAIRIE (PWE)

Fig. 2A 3 E® B X OKEBHICIT 3 PWE
DB %577 #ifal ASD (16.1+4.1 mm), HCM
(17.7£2.5 mm) kot a-s MI (15.1+1.5 mm)
DWFh b IEFE (129+1.8mm) it kR T
PWE oFE4#E (p<0.001) 23w,
g ASD (%4 ASD (14.3+2.8 mm), HCM
Fas MI Loflici FEZZA»bh ko
7e. 9€- T, PWE o5 54iaf ASD, HCM,
a-s MI 0 3B #XBF 52 LizEETH - 72

2. LVPW QEi4iRiEEeE (MPWVs)

Fig. 2B R E¥ BXUKKEBH TR T 3
MPWVs ol #57+. HCM (58.8+14.2 mm/
sec) FEFHE (45.949.0 mm/sec), #fgii ASD
(49.8£13.8 mm/sec) I3k a-s MI (45.9+6.4
mm/sec) iZ~_T MPWVs oF &K (p<
0.05, p<0.001) %, ##% ASD (57.8+9.8 mm/
sec) FIEFEEI X UHTRT ASD icH~THER
WA (p<0.05, p<0.001) %57 1L7. LA L7z
b, IEFEE, Al ASD Xk v a-s MI offjic
BHEBEZEFEDT, #£->T, MPWVs »rbzh
LIWERHT B LRETH -7z,

3. LVPW () end-systolic thickening LU

% end-systolic thickening

#i87 ASD (6.6+2.0 mm) (3 E#E (5.6+1.1
mm), a-s MI (5.6+1.4 mm) s 0t #§4% ASD
45+1.6 mm) it _THZR LVPW o end-
systolic thickening o #§n (p<0.05, p<0.01) #
Bwfeh, HCM (7.62.0 mm) & oIz iz
A oiieh ol (Fig. 3A).

%7z, LVPW o 9% end-systolic thickening
T, Al ASD (80.7+£38.9%) iz a-s MI (59.6
+17.2%) B X Vi ASD (62.0+221%) L h
BLCHEREM (p<0.05) %3z, HCM
(69.1+21.6%) X CEHE (741+17.8%) L2
EhHZbh ol (Fig. 3B).
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A posterior wall excursion (PWE)
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Fig. 2. Posterior wall excursion (panel A) and mean systolic posterior wall velocity (panel
B) in normal subjects and patients with various forms of heart diseases.
ASD=atrial septal defect; HCM =hypertrophic cardiomyopathy; a-s MI=anteroseptal myo-

cardial infarction.

PlEofER» S, IfEkilicsd s LVPW o
EEEZ k3T ASD & HCM g & X B4
HIRER 2V ERd o

4. LVPW () mid-systolic thickening # LU

% mid-systolic thickening

#ini, ASD (4.7+1.8mm) ZIEHEE (1.8+£0.9
mm), HCM (2.8+2.0 mm) 3k ¢f a-s MI (1.1
+12mm) oW Fh oL kil Tt LVPW o
mid-systolic thickening D& E 28 (p<0.05,
p<0.001) #zWs», x7, #i#t ASD (1.0+0.9
mm) Tifig] ASD kHRTHEEARD (p<
0.001) #;RL7- (Fig. 4A).

%7z, LVPW o 9% mid-systolic thickening
wBWTh, HFaT ASD (57.7+28.7%) itk

ASD (14.9+12.89%), HCM (26.1+18.4%), a-s
MI (11.8+13.5%) B X CEHE: (24.2+12.8%)
DFRTOBICH~RT HE2m (p<0.001) %
B (Fig. 4B).

P Eo#ER»S, IiERHickiT 3 LVPW o
EEEZ iz ASD iz & b TREBMM AR TH S
LR Eh.

Fig. 5 11 ASD izi35 IVS: LVPW ==
— 75 2 &FTH, IVS OUUERHE » 5 hHiic
T o §i5ES) (open arrow) 12 —F L T,
LVPW oZBf# mid-systolic thickening o3
fn (closed arrow) %#EE» 3. %7/, Fig. 6 1k
ASD oFfFgig o IVS - LVPW = a—'35 A
PR, HFET (BB itz bhic LVPW o4
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Fig. 3. End-systolic thickening of LVPW (panel A) and %end-systolic thickening of LVPW
(panel B) in normal subjects and patients with various forms of heart diseases.

ASD=atrial septal defect; HCM=hypertrophic cardiomyopathy; a-s MI=anteroseptal myo-
cardial infarction; LVPW=left ventricular posterior wall.

# #y 72 mid-systolic thickening o ¥ in 7T &
(closed arrow) i, #itt TiIIR <MLL, IWHEH
FELCREEEREHELLTHS.

Z o LVPW oIUiEhHIRERE S 6 h 55
PLERERR T 5l wic, EEREMTEE AL T,
DRELSLEREHTFTO M £—F - 2%+
v EfFoe (Fig. 7). zofER, BEEMELED
BERAL, T b bEAUFEEE (max PWVs) o
HREZRTEA TR D S LRI 21 T D
LVPW T& Y, ESEHELIIETVEL TEIHE
PHIRERECER Lo k.

5. LVPW OEREFELMEmiLE Qp/Qs & DRIE

- _
ASD 35 fijth, DS TF—F N BREEREFTL

7z 13flicsvc, LVPW &5 L Qp/Qs o
Bt 248 3f L7z, Mid-systolic thickening (r=
—0.33), % mid-systolic thickening (r=—0.41),
end-systolic thickening (r=-0.53) BI ¥ %
end-systolic thickening (r=—0.44) o\ ¥Fh nig
B Qp/Qs L DMICAE LB 2Bw 2o 7z

6. EEHREBONMEINR

ASD 2flicEEZRUNBR 2 THEL, £2%
I OULHEBIRE 3 X VBRI B OB PF O HES
Bt L7,

#iail ASD 35 it 30 5] (86%) BT, £
ERERPIERHICEZBRNICENT 55 R &
Awiz. Fig. 8 32 0By ASD &R+
ERBEEERSE 2L (LAO 60-70°) #&T,
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A mid-systolic thickening of LVPW
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Fig. 4. Mid-systolic thickening of LVPW (panel A) and % mid-systolic thickening of LVPW
(panel B) in normal subjects and patients with various forms of heart diseases.

ASD=atrial septal defect; HCM=hypertrophic cardiomyopathy; a-sMI=anteroseptal myo-
cardial infarction; LVPW=left ventricular posterior wall.

IR Ic EEHBRER 0ZEWH 72 inward contrac-
tion (&E)) 2w 3. (i, AROE=ERN
BRICBWT G, INHEEIICEBRIER O
REZBA~DEHFTRA A1 5.

DX ) hERBREHOWNHEHREESH 2R
7458 ASD 30 gi4plicisvc, Fig. 9 ioRT
I O EERRBFTRABRSh, MEREER
BlEMEE AL TWA Z LSRR E R,

FHit ASD 19 firh 16 il Tz, EERERO
IR BEEBIIHEE L, TR, AT
b EEREBAR b B shir o (Fig
10A). L2L7225, &Y © 3 FTEERER
PBRANEILE RSB 2 — 2R, HiEHhE

BiFT R & 3 W idEIE R MR B s hic (Fig. 10
B).

z =3

BT a2 —FEOFECEY, LERRR
e (ASD) BHERmMBIcEi s h3 X Hicn
o, ZORLVEHHLFIRL LT, LEFR
(IVS) m&%ES) A EH &h T 3. Diamond
B R B 5 IVS EEEHE type A
(paradoxical motion) 35 X U type B (flat motion)
D 2ENCHEL, KB 3yEickiT 3 IVS
D THFGES, PREOCBHEEL L TEETH
BZLEHALTNSG.
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Fig. 5. IVS-LVPW echocardiogram from a patient with atrial septal defect.
LVPW shows mid-systolic bulging (closed arrow) and this characteristic motion is coincident
with early-systolic anterior motion (open arrow) of IVS.

ASD=atrial septal defect; IVS=interventricular septum; LVPW=left ventricular posterior wall.

—7%, o IVS BEER SBT3 2372w,
AIE DI ERE ORI & @ < - TS < 0Bk D
LHBEPHRES N TNE IR, wEE ERes
Iz o Ty, ASD GRLDELRVICE
%k - A& DTy, 5% volume under-
loading # &7z4 L vibh T3, Z ORIAR D
D DA 385 2 DN OFEAN & R I & &
PRELFRTLD 5.

Popio 5% 3 biplane cineventriculography #
FIC, A ASD ookt (LVEDYV)
DWW, IERHIC T % EE IVS o anterior
bulge, 3 X 0 cardiac index stroke volume index
DIETF &3 w725, FEEHIIEKE (LVEDP) 3
L OB SE (BF) IEHREIC S 5 2 L 2k
L7c. &<, LVEDV ojfiddfhsink ok,
IVS DEESEN~RHT 5 oic EEOLEK &
SleF e FKEE L bh, Weyman 5% 0oz
SEEPWTEMIC L VBB LR L —BT 5 L0
Ths.

Fl, AL ASD (2B B fes—[mEftg

FRE(—EHHE) DK T 2780, 20K LE LT
FEEIHEEOIKT X v bRTAR O 2R LT
W3, Kelly 5" { AR oEE LVEDV .
LVEDP BH{R 345 Th 57212, 25 0
B9 2 REAC i IR A3 % v Z & & BRI

LT3,

—J5, KiGE 51213 ASD o= —[ml R
(SI) - friR# AR (LVEDVI) Bif% &k »,
Qp/Qs=2 D TS 7 22 I DHEREIE T 23 % &
hp L L, Taylor &9 A% OKFRELH
LVEDP # (L& ¥ BHFIC# Y 932 L &RL
le.

AifgETix ASD ofE=igkE (LVPW) o
BECER L, EXplL IVS oluHEEs g
R LT 5 B RMEIEAELLE (HCM) X
OBRIF LR EE A ZESE (a-s MI) o LVPW )
HE & OILRE 217 > 7. = ofEE, fiiii ASD
Dl b KN 2 TR TIHERRL Ik T B
LVPW ¢ thickening 3 X 0% % thickening >4
mcdHy, fesko LVPW oBEBiiE oI cb 5
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Fig. 6. Pre-operative (upper panel) and post-operative (lower panel) IVS-LVPW echocardio-
grams from a patient with atrial septal defect.
Prior to surgery LVPW shows mid-systolic bulging (arrow). Following surgery, LVPW motion

returns to normal.
ASD=atrial septal defect; IVS=interventricular septum; LVPW=left ventricular posterior wall.
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Fig. 7. IVS-LVPW echocardiogram from a patient with atrial septal defect.

The ultrasonic beam is directed from the apex (@) toward the base (@) of the heart. Increase of
max PWVs, that is, mid-systolic bulging of LVPW is well observed at the apex rather than at the
base of the heart. max PWVs=maximal systolic posterior wall velocity.

FICHERSHI, o thickening 35 X O % thickening
M5 &, thickening <ix HCM ro, 9%
thickening <3z HCM i X QIEHEE & 0K B2
HEETH - 7.

Troy & 3 #kIc X v 15 o ER -
L M E—FLhza—KTRodi LVPW ol
HEHIREIZ N (% systolic wall thickening)
EMBEERYT 2 & 2 HiELL. =0, Corya
5O BEIEAE 0 JF B8 %€ ¥ .0 % 13 hyperdy-
namic motion {272 % & & ##i45 L, Cohen 516,
Ten Cate 573 HCM 2323 IVS o %
systolic thickening MIEHEHC R THEICIETF
L, #ic LVPW o 9 systolic thickening i34t
HACHIIN 2R+ 2 L 2B LTV 5. L 255,
b OWEFFTRT TUHEKIL DREEL ki
DWTRFFLIcbDTHY, H7e &1, ASD ¢
HCM X0t a-s MI o LVPW @) # Ko+
YA, TIGHERHL kb TR

B BEEEZLERFT 5 2 LB BHEVWOIFEE
EVFELGRT LN TES LB S.

ASD TIfER#Ic 8T 5 IVS offihReL
PEERICHE L, Diamond & 043P o type A,
T b BUUHER I £ T RIF IR 2566+ 5 para-
doxical motion #;RI A I LAENTH S L
IR Tn32Y . Z olufEREIcs T 3 IVS o
iz (Fig. 5, open arrow) (13ufE#iic 517
5 LVPW ogeEsEhn (closed arrow) L AHEY
C—E L Tkb, »o IVS ofiHRA kT
% ASD fiigg#ilicsvTix, LVPW ouisEsihe
FBFIEFICE(LT 5 (Fig. 6).

& biz, Bishop 583 AEsHAE % 54+ 5 |
T, =A% (left ventricular transverse internal
diameter) D2k I EE e E &2 fiz+ & L, Po-
pio 533 ASD icisi) 5= £l o shortening
PREFEFRLVINTHEZ LE®ELE. DL
DEEWAET S L, ASD 2135 LVPW oy
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ASD LV angio.

end-syéuﬂe

two-dimensional echo.

1980.11.5.N.419.

1986.11.5.N.419.

end-systole

Fig. 8. Left cineventriculograms (left panel) in the left anterior oblique projection and long-

axis two-dimensional echocardiograms (right panel) from a patient with atrial septal defect.
Basal portion of LVPW indicates the marked inward contraction (arrows) during end-systole at

the both views of the left cineventriculogram and long-axis two-dimensional echocardiogram.
ASD=atrial septal defect; LVPW=left ventricular posterior wall.

sErhieE RO, IVS ol o BREwiS
HEEY 2 RE T 5 e OHEISEETH 5 Z L AVRIR
shs.

z o LVPW 0)#—#1%’]/\5{ iE, E—Aa%X
DDREHICRASE S mukﬁwrkﬁ
%éhé:k#%é(ﬁglh FH vh 19 (X TE
CMT BT B A sRBE DILHE X um%mb@ﬂu I
> TfFbh sz b E#iE Z OIEFY AL &%)
$i<£$ﬁmyuﬂdéﬁé'wka)“‘
LELTWnS. ASD oA, EFELTED

Rilo @y bhvs LVPW o M e

[EHEN, EAE, 3 78d B hinge point®® A3FEH
e L, Zofis, LVPW 723 IVS ofF
B & RIS 2 & B ER 2733 2 LA THEE
hz (Fig. 7). Lu5h, AEEKRICLD EE
o rotation D7, FWE DLMREH AIC E— A
RBALTY, LVPW ofe@afii AER L X Y
LRI WL & e B RIREME D B Y, WrEEs
LoPHRIc X v E— L HOREZIEL AT 5%
b D
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Fig. 9. Long-axis two-dimensional echocardio-
gram from a patient of atrial septal defect with
mitral valve prolapse.

Basal portion of LVPW indicates the marked in-
ward contraction (closed arrow) during systole and
this abnormal LVPW motion produces mitral valve
prolapse (open arrow).

ASD =atrial septal defect; LVPW =left ventricular
posterior wall.

HIE, ASD icfhiiEFiii (MVP) o&0r%
WZliF k< mohTns FEETH5. Betriu
LI EEEFEICL Y ASD o 35% iz MVP
ERRHIL, b OfER O 17% & “silent pro-
lapse ” T % L4 L7z, Lieppe &M 3Bk
WriEtk & T ASD 22 g 21 i (95%) iz
MVP 28» Ty, Ao MVP ki x4
HHEMMEEMHFAL T 5.

TnX 5z, ASD r MVP o4tz sbn T
BB AR T 5 2 LTRSS R, o
FAERRCH T 2Z 2 3BT Lb—Sh T
V. HfEfH 520, Schreiber 522 13 s A AR
X 5755 geometry ¢ZEE A% mitral complex o
ARHES) & 150 5 JRK & ey, BERERY MVP 28
EURLF L3 LB LTS, —F, TR
it ASD itk 5 MVP oo, E—rik
RIS & 2 A5 S AR AT DM SR O RIES) & 5

5 P AR B 0 72 S S B B e

Sl 2 THERENY MVP L, ZoftE, —kibic
AT 28 MVP 02503553 = & & 55 L
. #%EFIZHonTiE, Okada 20 DFFEREA M
A X BEIESPILE OFEW, 35 X OHkI &2 o
FIWTEEE & O 7o IR R 15 R o RIS R o fk H
C—HT B LDTH Y, S 0FKc 0o Fig.
9 B IR L] & Al—ofRiE L Bbh 5.

ABFGE TRAERR I 3 13 5 22 =1 33 o251
IRIEENEN~ORMFTR A MVP 584 o5 7
HFCmfaz el L. ZoEEBEE
DULHERE I 5 N 12 it ASD 35 i 30 51
(86%) ITHIZR L, #3> 30 {5l &l 1< 4B Ik W7 g 7
T MVP o&ff &R L.

Jeresaty®S) (34 Ft: JE K25 B E .00 i (THSS)
Cki3s MVP oRAEFRK L LT, BKkLEE
FEHED BV I B ILTAMG T X B ULHERE Y 0 72 B2 255k
DA A5 LT, ER Rk 8RBl 5 &,
ASD 2 A & 1 % 72 515 B3 O UL S b 1,
bx 9 & THSS Ick1F 3 EE%BIEE o IUEBE
CHEILTWa. fit->T, KfEcsiF 3 MVP &
OFORERIKE %% 5 B4, IVS okmikpe
HIC & 55 geometry OZSIBITHI % T, ILHED]
I BV B FEEMIE O e R IR 2
mitral complex OIEH 2 fiES) &=L, O
WTik MVP #5|&f@c +EELRTFICKYE
b0 LBbhs. k7, ZOEEHRIE O
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Fig. 10. Postoperative long-axis two-dimensional echocardiograms from patients of atrial

septal defect with mitral valve prolapse.

Panel A (functional mitral valve prolapse): Following surgery, there is no mitral valve prolapse

during systole.

Panel B (organic mitral valve prolapse): The posterior mitral valve (arrow) shows multiple ab-
normal echoes, and prolapse of the anterior mitral valve is observed during systole.
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Fig. 11. IVS-LVPW echocardiogram from a normal sub_]ect.
LVPW shows mid-systolic bulging (arrow) in spite of normal IVS motion. This LVPW motion
is often observed when the transducer is tilted toward the cardiac apex.
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