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Summary

It has been known that left ventricular asynergy is induced or exaggerated by exercise. This
paper reports an analysis of left ventricular wall motion at rest and during exercise by echocardiography.
Thirteen patients with effort angina underwent graded bicycle ergometer exercise in the supine posi-
tion until anginal pain occurred. In patients with angina, 2 types of asynergy were considered to be
documented echocardiographically during exercise. It was judged that absolute asynergy was present
when left ventricular posterior wall excursion (PWE) was less than 9 mm and/or interventricular
septum excursion (IVSE) was less than 3 mm. On the other hand, relative asynergy was postulated
to be present only when the values of IVSE and/or PWE were less than those of physiologically exag-
gerated left ventricular wall motion in normal subjects.

The results were as follows: 1) In normal subjects, increased left ventricular wall motion (both
PWE and IVSE) was shown by exercise. However, in patients with angina, absolute asynergy, rela-
tive asynergy and normal pattern were revealed in 3, 8 and 2 cases, respectively. 2) Correlation of
left ventricular asynergy detected by echocardiography with significant obstructive lesions of the coro-
nary artery by cineangiography was fairly good, with agreement in 86% of cases. 3) The apparent
differences in left ventricular dimension on exercise were documented between normal and asynergy
groups. That is, both left ventricular end-diastolic dimension (Dd) and end-systolic dimension (Ds)
increased in asynergy group. On the other hand, Dd did not change and Ds decreased in normal

group.
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We conclude that echocardiography is one of the useful methods by which induced or exaggerated
left ventricular asynergy by exercise can be detected.
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DREE O TR 2 INFE R, 72 b b asynergy
3, REBIRPEL DDRBIZBWTED bh3H
$BTh Y. EERED asynergy i3 IR BIC
BT LT LITRD bh, MmMITEIREIC BRI S
PE2BZ LEBRMONT 529, FilT, asynergy
ORI ZERFRIIZIBD 5T, (E pacing?,
EpP 8L OEBERSS 2 EICLY TLHTH
BEN BN asynergy b3 Z LBMbNT
&7z, BLIEI BT b, BOFEMEREIC asynergy
BREEATZLBRESHTV32. Lirl, I
LM DEBIATHIC 3817 5 EBBEINEES BB
SV TORIE IR EShTWRY. 2T,
AN 72 FVERLE BII BBV AR 2 HEfT L, E=
BEfEES ok 2L 2 —Xik (UCG) ity
BEt Lz,

MEHLUHE

SR BLERIN 2 SRR LVE ©, BB A TR ICH
BRbza—KziE@GLx13fchs. 24
AFAETH D, 260 DFEED BEXD 32,
VTR LRER 6 VAU ERBEL Tvwie. RO
i 537489 & (PHELEERFE) TH Y,
BH10 4, &HE3IHITH5 (Table 1). >t
e Bk 134, FEiE 237177 %Th 5.

EEAERIE Godart MELKKISHE! ergometer
RV, AL TERE L. ARMDOE X HIZB
A ARIWIEE2 ¢, FIEIARRE 0.8 watt/
kg L L, 34 Lz 10 watt FoRME & IHE,
BEGIE 9 M, PLEMIZIERRORERE T
AT L.

UCG :82E iz Aloka #8 UCG &RV 757

SSD-90 ©, A%k 2.25 MHz, 45868 7.5 cm
OUEREF &, E3IRvLE 4 ElEE
Bryr—ozHHAL, strip chart |iziRégus
E 50 mm/sec <QERERETHELZ. UCG
DFHIC T 2R OB RN T 5w, FHE
BIESEOFEFIC >V T, UCG o4y EiES
EZELT, 2mm PDANOHAEO LB IZEEL »
72 L7z

Dxa—X koL #IIC 17 3 INFEE
BIoEE L LT, EHP LHRUINRES TRER
bR EE X S BIEIE (excursion) %/
v, BRBFOERMEL LT, AL 3 E£2H%
EEfRiE (PWE) 9~16 mm, .LZ=H[EiRiE (IVSE)
3~8mm Lol L7eHoT, EE%E
(LVPW) iz >vCTix PWE # 9mm %, O
Hhf§ (IVS) icowTid IVSE 28 3 mm il

Table 1. Subjects

Case Age Sex Infarction  Coronary
1. KN 52 M (+) (+)
2. SH 51 M (-) (+)
3. GH 51 M (=) (=)
4. GN 59 M (=) (=)
5. WU 53 M (+) (-)
6. SY 71 M (-) =)
7. KA 71 M (=) (=)
8. KS 54 M (=) (+)
9. KI 42 M (-) (+)
10. KS 49 M (=) (+)
11. MK 53 F (=) (+)
12. AK 50 F (=) (=)
13. KI 42 F (=) (+)
M=male; F=female; Coronary=coronary cine-
angiography.
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ThhITEERC asynergy BEET R Z Lick
%
Fig. 1 iwfgEplobca— KB X 0 PWE,
IVSE ogHlls &7 L. BitEiE B0 BB
HRGIC I T B asynergy &AM 2HA, EHA
TRFIC B 1) 2 EEBERIBOEFRAZR D TH <
VERHB. 2T, BEFOEPHAFTIOLEE
BRI OB KENFY —2SD (BERZ) ¢FE
F, E%ETFMRE+5&, IVSE 7mm, PWE 13
mm BE SR, Lo T, FEBRODEDOES)

AR BT 3 EEREEHEEST SBICHES L.

+Thbt, EHARRICET I EFHRACSS b
o (normal ), LHRICH T3 EFEHBELT T,
BE & 2372 asynergy & Ahlz&h B b (absolute
asynergy #), BLUZoHhBICMEL, EBIE
T 12 D A BRI FTRE 72 asynergy fEiS (relative
asynergy ) Td o 7= (Fig. 2).

—%, BIESRBIKISWT, EHARICLS
EEEGESGRI-E0 ¢ BB ISh. T2
bbb, Group I: LVPW X1t IVS niRigA v
Fhb#AkzFT b0, Group II: IVS niEig
KT 508 LVPW 0iRigE RER v L B

FIEMLE D EB AT BT .08

k- 1sec -

Fig. 1. An echocardiogram in a healthy subject (J. S., 19-year-old male).
IVSE =interventricular septum excursion; PWE=left ventricular posterior wall excursion.

¥R+ b0, Group III: LVPW oiElg ik
T35 IVS ORIBEIAE 2\ LB EFRT b0,
Group IV: [# ORIES VT Hh b RER - LK
Y EFF 6D, Ths (Table 2).

SEHSMRE X, Student o paired t test %
Ay, p<0.05 2 HEL Lz

Pw52¢/

(mm}, [ Normat I

13 SN SIS NN
Relative Asynergy \

Absolute Asynergy

3 7 IVSE
( mm)

Fig. 2. Schematic diagram of asynergy on ex-
ercise.
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Table 2. Classification of left ventricular
wall motion on exercise in patients with ef-
fort angina

PWE IvVS
Group 1 i
Group II I 1
Group III 1 i
Group IV — =
¢ :

PWE=left ventricular posterior wall excursion;
IVSE=interventricular septum excursion.
1 =increased; | =decreased; —=no change

|57
1. BEHOEEEEHE
BEEHIC > CEBARICK TS PWE X W
IVSE o245 L, WFh i ERHARPEE
DEMERD Iz (Fig. 3). +hbb, AFOLARE

b

201
(mm)

15

104

IVSE

ek T, PWE ko IVSE Bv-Fhizk
HIFICR L THEOHMEED 528, & ICAR
JBEE D L L T i, PWE 2338 2.9 mm,
IVSE ¥y 22mm & 2mm PLEofEhng s
Lic. Elf@EplicisvTit, WEL bARE 3
A3 LARIC 12 E A IS Lz,

2. FEBROEDEEREE)E

FEBRIME IC 38 1 2 BB AT IC & 5 £ ZBEINHE
BREIC>WTH B L, 136, BFEF L REEOH
Bar+ Group I d2flcahy, 11 flidEs
AT L WV EER & B s EREHEY RLE
(Fig. 4). &bz, FYEPLIER] 0 72 EREIHEE
Bz o T, ZERE L PULRIERBIR £ XL L.
LHBFIC BT, 1344 2 filic asynergy #3%
HDTVBDHT, MITEE TH -1 —F, i
RIERBFFICB V- TIX, EBAFHICRIT 2 EREH
FAPRIZ & % & @ (normal) X 2 $ilo> 2, absolute
asynergy #2 L7z b DX 34, fho 8 iz rela-
tive asynergy. # 2 L 7= (Fig. 5).

%P {005
2%P<0005
*¥%P(0001

AFTER

EXERCISE

0 3 6 (min)

Fig. 3. Left ventricular wall excursions at rest, during exercise and recorvery in nor-

mal subjects.
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Fig. 4. Changes in left ventricular wall excursion between at rest and at the onset of an-

ginal pain.

3,
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15 (mm)
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Fig. 5. Left ventricular wall excursion at rest and the onset of anginal pain.
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Fig. 6 (7 {EPRIMER] 0L 35 X O AR
DT a—lErY. E£ihk, HESMEFIZESE
EEIRIE OESARTR OEBE L, BEF L RA
Y, BIET BEHBH SNz (Fig. 7).

3. LT a-HICHIF B asynergy LEHMLERS

S UBHIREZTR & DR

FEREROESARIC L 3.0E R EL &

Master o FEHESI Iz X Y HEL, EHAMICX
% absolute 38 LU relative asynergy o ZEEILB
fir &, LEREORMEE O HBIMAL & OR%
2oV THRE L7z, LVPW o asynergy <it 11,
III, aVF oFmitgs kb, IVS o asynergy <ix
Viue OROMEECPFEREAEDITTH S,
UCG L asynergy oI L7ih -7 Group I

l'.:ww

B —— o ap——
,—7».:«:17\:';@?-6@.‘;-&» Ay
N e ;'.-_;0» L RN

’«-f“‘, DA \«% D TEINS 5 ;'-'-‘
e \ ,f"““f""f‘ \aqm
Cor ) v -

— e e

;

——

Fig. 6. Echocardiograms in a patient with effort angina.

20+ PWE
o -0
154
101
o———0
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101
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Fig. 7. Changes in left ventricular wall excursion at rest, at the onset of anginal pain and
during recovery in patients with effort angina.
R=at rest; P=at the onset of anginal pain; A3=at 3 minutes after exercise; A6=at 6 minutes

after exercise.
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Group II
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Fig. 8. The dominant sites of ischemic changes
on ECG during exercise.

Vi

Vi

1 aVF
Group 1

I '%QM/////A o
),

u F

I

aVF

< II, III, aVF o@mEEs HR Lz L %
BridiE, OERZL: UCG izkiF 5 asynergy
FRBLEBAL & 1T LB & | LTz (Fig. 8).
EEAMRER & 12 FRIEHIC coronary cine-
angiography # ffifT L x 7zJE# (Table 1 /7L
T7H)ico>nT, EBARICE s UCG Eok
HERBEOLE, BEIREXE 75% ULoF
BopasRo WAL LtoBEEZRF L
(Table 3). UCG L, E@&mcXy IVS ik
asynergy ¥@oH 4Tz, vwIFh i EFRE
kAT FITH: (LAD) i FREoksE&Bw . LV-
PW iz asynergy &%, IVS 3 EXEE%2R
L7z#] (K.N.) ©ix LAD & X 0&E@RENREHE
# (CIRC) wHE» kxR, UCG LAXK
Liav iR & RLED, AEREAK (RCA) »
5 LAD ~o&E2MEIMfT 2Bk, IVS »
LU LVPW offij#ic asynergy %38 & 7= 4
(K.I.) %, LAD, CIRC icFEDOHEELBD .
UCG L asynergy #3oiho7z 14 (M.K.)
T, BHREEEOHFRORELBD 2o k.

FESREDEBARIC BT 5.0 EEEES)

Table 3. Left ventricular wall excursion and
stenotic lesions in the coronary artery

UCG on exercise  Coronary cineangiogram

Case IVSE PWE LAD CIRC RCA

KS — T
SH — T
KS — T
KI — 1
KI 1 —
KN T —
MK T T

OO0OO000O0

©)
O

UCG =echocardiogram; (O =significant (more than
75%) stenotic lesion; | =increased; | =decreased;
—=no change

4. Asynergy &{hOTERENERRELE ORBF

WlEF OUHEHIME, [ME3K, rate-pressure
product (RPP) ic>wT, %l & Bl -FIES
B L LCHRE L (Fig. 9). LIEo 3 g8
DIRDFEERF O KRR X+ 2 MK e 75 &,
SEBIE A D72 Tc®d BERHERIZ FE TRV,
normal B L il LT, relative 3 X 0% absolute
asynergy B T/hNThofc. & BIC POMEF DE
AR L 2 EZRNROBIICDVTRAE L 2
(Fig. 10). Z=iRKHINEZ (Dd) k> THS
&, normal BHIfEESHR L FERE, EBHAMICX
Y Dd 313 & A EEE L7228, relative 38k Or
absolute asynergy HRIEHH A Ic L v H X
(p<0.001) » Dd nEMzEEDZ. —F, £X
IWiHERHAE (Ds) iI2ovWTHB &, normal B
FREERE L [k EHAMICLY Ds oFE
(p<0.001) D4&EHE & 3B 1225, relative L0
absolute asynergy i3I EBI BRI L Y Ds o
FE (p<0.001) oK E2FD .

] ES

REFIOEERHE: @ESIC BTk, TT
HESh T3 LIS, EFAMRIT L Y
PWE Xt IVSE BRvFh bkl o
BRIz 2\ Tix, OUUENE (contractility) R0pfi&
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101
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Fig. 9. Changes in circulatory indices on exercise.
RPP =rate-pressure product; C=control; N=normal group; R=relative asynergy group; A=
absolute asynergy group; left column=at rest; right column=at the onset of anginal pain.

mm mm
Dd Ds
60 - 40+
50 30
40 20
A ?
° C N R A 0 Cc N R A

Fig. 10. Changes in left ventricular dimensions
on exercise.

Dd=left ventricular end-diastolic dimension; Ds=
left ventricular end-systolic dimension.

#i (preload) 7 ¥ 0B 5 23%E x 5 h 5 23, preload
D1fgELEZ b3 DA SEBARICE Iz L
WERETHBZ EnbHBE, £& LTI
HOMANEE LT3 LEXONS. iy
Blics\vTit, EERREI AR, LTHIFE~
BET20X/ERLLTHEZ L LEHTHE. —
¥, FEROEFI T, BiE~OEEBIET S
BIRL D, ZoEEIZ T TIRBELEYEEBD,
ME, O, A= dimension 72 ¥ o i 0fEER
BB bLIBEL AR LR
FEROMENEEREE: 63k, UCGirksE
EBEBNRE, L <IC asynergy P+ B HFFE IS
R ER TV % HR8-30 SFEEEARTIC L 5 £ =EEH)
BlzovwTRiELEAERFTER TR Y. LAL,
asynergy D HIZ X iz L hkER VL kT
ZEFH L LR HBZ LR MbA TR 3D,
Wiz, WNER BV TREHECIEREH 2R
L s, WOFEERD »5\vid LF pacing?,
D o L OEBIEFE®IC X v asynergy AT
FT3H0HB LMo T3, 6k, EBR
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@ asynergy DT a—[K D EEIC 2V Tid,
BLEALERShTV RV, BEFlIBVTIE
Bic & ) EREERIBISERT 50T, EBROKE
SEEERIE O EH LR L 3IcE X ZLE
BdY, EBREoD asynergy b, EBRFOLEEERE
IRIBOEFEME 2 LI LTRET20ONRTY L
Zzo6h5 (Fig.2). L, L, E#HHoEEH I
BREE, MRoFEHR LX), LROEETHA
IURBER B Z EBXTFREAEDT, EFEHAD
REFLTLLES TER . —F, EHARI
X 3 ERERBOBED, BEATIIERL, K
DERI D% K IAZE v LIKT & asynergy &2
RYTEZXFLH B

T4 1 LEENATRR o asynergy 2L L0200
EXFCRELEY, AEHERELAE—HKTSZ
LASRENT. 22T, AL, BB 3EE
BEIRIE N EHICIRE T, ZFFF0 asynergy 0l
HERFERT 3 L D% absolute asynergy, E@hic
k2 EERERIEIR RETH 5 2%, REE 0 asy-
nergy OEHENDL LB LIEFEB L AR ENB
o % relative asynergy t43p¥E L7z (Fig. 2).

BT BT, asynergy 2 LEHIE 13
FlhbFaic 2 plicd v, EHARTICLY
10 5| < asynergy AFEH L7z +74bb, ko
asynergy &1 H & BT 3 &, BMmMELEE
BT, EBATNIC X Y FRICHTER asynergy
LY B LEXZOLNS.

DT a—EC$HT 5 asynergy LAROEBERS LV
BEMREXFHREDBEFR: EBARMI LS50z —
X Lo asynergy D FIIAL & AFMOERIC IS
B M2 b o RIIAL & 13, Fig. 8R4 &
{, MBI HIELTW . £, TEIRER
FRED, LIV EISFELTYS2, ARk
p IVSE pkUL7ian LAD icBEOWER
A, MEOTRBPEE L VEALHZ. =0
& 9 B A—BTEBIR O BRATAL 2 PRI B B
DRABANC B B b L v ) e, RIBIMLTToFED
BEPBELELTY SRS 525, M £—F
Dra—FTRESESREF ERRETS

FERLE DEB AT B 5 L EEEES)

LR THE LY, Zo—REEXLRS.
Asynergy & thDIEIRBNAEISIE & DBIR : Asynergy
PEMAECREOMITERICER2EEEE5X 5
LR EAMOEE TH B, EBAMICLS
Dd o @ ic o v~ T & T b, asynergy & &
normal B & ix BifER ERNE® bhiz. Asy-
nergy Db 5454, Dd BEENRKHEET 2
bt preload OIERER 1IFELRY H9B3NED
DDV TRHERODD L T 5 T b 5 9,
asynergy MBUEHOBRSETHBI L EERB L,
25 < asynergy »dHBHAETH DA % preload
DUEELARLTIVEEZLRZ®. L)
- T, normal BEAMEFEF &R, EEHARICH
LTEE LTODIREEDEMTHIET 5 DIt L,
asynergy B (33 EBIA R Icx L T, Frank-Starling
BHEOEERRKE VCARRESTRERZHD. &
7z, Bl FRIEROTRRICT 5 RPP oinsk
i3, asynergy #ET A T/INER>TVEMR, Z
Nz &t RPP 2. UERRIHER R 2 K3 5 —1F
ELE2 37 63469, asynergy BEIREOA
i 372 b BEREE O L R FETH E B o 8 THLE
BRELTRY, LTHEONSVELVYXX).
Asynergy BRHE(CHIT RO a-HNER: M £
— Fb= = —RSESHATIC X 5 BlithORED
B7ERY asynergy ORHICER Th 5 L EZBH
5% 2,3 ORERLVEFET 5. F—i3, UCG
HEZ B T 2R R X U EBIORETHY, &
CEBECB T2z 0RBIEAT 5. Held
MR OB L —fHCT B8, KA TEHAIL,
FEFIERIUC & LB O K TH - IEFIEERS L
fe. ZOWMBEOREETRAHRINT B 2 LT EEE
THHH, BYIBRLEHAREETL, Bz
WRT 5% 01, BERMICIFRRZER ESH
3LE26R3. FZiE M E=—RKbhxza—H<T
BEESMAEO BEEEE RH LRV L TH 3.
LERoT, Dxa—Fic X W HRHE L X2 WEAL
® asynergy ¥ R¥E+TZ &, (BRI TERVE
i asynergy MMuD{EHENLLIC 5% 58 (%
EHERES) 250%-> T BRI 5FREELD
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5. L2L, SEOFEA DFEIC X EEHERIC
¥k asynergy IERICKRHFTETH 5.
¥ o

FVEBLME D EBATRTIC X 5 ROFEIERFOLEE
BEgEL, Doa—RECX IR LE. 2o
REENTS L.

1) BEFLRFED N7 — 2 T asynergy %3
B2 EE (normal), EBhic X v BiRE/: asynergy
%23 3%E (absolute asynergy), BXUFHED
FREICHALE U, EBARTE I o & R H AT RE &2
asynergy #2458 (relative asynergy) o 3 g
IHEESh.

2)  FERROE o EZEEEBEIL normal B 2
{5, absolute asynergy # 3 f], relative asy-
nergy # 8 # T, relative asynergy BEAi%Lh o
7=

3) Lx=a—X Lo asynergy DL L, [ME
BIFT R 3 & OCEBIAREEIBAL & i3 FLikiy & v
R L7z

4) 0%, @E, RPP, Dd skt Ds it
absolute 33 & U¢ relative asynergy Ef & normal
BLTRE-ERIGEE L.

Z DX D IGEBARICRT B30T a—KEDI
Ricky, ZHRICEI—RERTHS2, EHA
TG Ic EBBEB R O BH & 2 5 W7ER asynergy
DRENVFETH Y, BRLOFAE E LB
zbhi.
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