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Summary

The detection of regional myocardial dysfunction due to acute ischemic event has been limited
almost entirely to experimental animal models. In human subjects, it has been limited to the observa-
tions during spontaneously-occurring or exercise-induced ischemic events. Recently, percutaneous
transluminal coronary angioplasty (PTCA) provides an opportunity to study such dysfunction as the
result of repeated interruptions of coronary blood flow.

Echocardiograms and electrocardiograms were simultaneously recorded immediately before, dur-
ing, and after 21 episodes of complete interruptions of coronary blood flow by PTCA in 11 patients.
No patient had asynergy of the left ventricle either by two-dimensional echocardiography (2DE) or
angiography. All patients had isolated single coronary artery stenosis including the left anterior descend-
ing artery in nine, left circumflex artery in one and right coronary artery in one. Recordings of M-mode
and 2DE were successfully obtained in 10 patients.

After balloon inflation, regional asynergy in the distribution of the instrumented coronary artery
appeared in all 10 patients. Hypokinesis developed 9+3 (meansSD) sec after balloon inflation and
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progressed rapidly to akinesis or dyskinesis. At the same time, decreased systolic thickening of the left
ventricular wall appeared in some patients in relation to the development of regional asynergy. How-
ever, systolic thinning of the left ventricular wall was not noted in all. The regional asynergy preceded
ischemic electrocardiographic changes and had no relation to chest pain. Left ventricular wall motion
began to normalize 12+3 sec after balloon deflation. Thereafter, transient hyperkinesis of the left
ventricle developed.

The first ischemic electrocardiographic change was a negative U wave which appeared 13+7 sec
after coronary occlusion and remained 3 to 4 sec. Tall T waves were recorded at 28-+12 sec and signifi-
cant ST elevations developed 31+11 sec, after balloon inflation. These electrocardiographic changes
invariably occurred only after the onset of wall motion abnormalities. Normalization of T waves was
recognized at 1716 sec and ST segment deviation were no longer present at 18+ 10 sec, after reperfu-
sion. These electrocardiographic changes also preceded normalization of regional myocardial dysfunc-
tion.

In conclusion, left ventricular wall motion abnormalities after coronary occlusion invariably precede
the electrocardiographic changes, and begin to normalize after reperfusion prior to the electrocardiogra-

phic recovery.
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DFEERRETS &, LEXO ST L&k
1TLT, B TR GAEED asynergy HSHE
FTaEWH ZEBMBATWS. LiL, Thd
OB R MLERE 0. ER LR E R EEES), M
TEIRB 2 & OMARIIER, 12L& A CBmERIC
Boh, AEEERICEWTIE, JolERERHD
DFEESHENICHEB L $4Y, EFHARICX
ZOHEMAEFREY 2 IR Oh T W SEE,
BREREBIRIZHT (percutaneous transluminal
coronary angioplasty: PTCA) n3E - ¥R iz
XY, 0PI TIIDHE, HWFEEZEMLLT,
AEIZ BT L EBIIRTERMAEREZ/E Y H3 =
BRI L2 o7, 4[E], Fx, PTCA thizli/g
LTa—FBLIO M £—Fhza—[g, 125
LDERME R L, EREED) LOERTL L
DR E RIS RE Lo T+ 5.

HRE L UVHE
R —BIREOPLGESRFE <, PTCA #io

Wil 2 -k X UEEEE (left ventriculo-
graphy : LVG) Iz TAEZE @ asynergy # B i
27 114|TH 3. PTCA fioEBARLER T
Fepflic FE% ST BT 2R», EEBHAKLG
VUF T T ATRE, 2FICHETBIR OB
—E L Tl ORYAHRET LB FEH
Shi. WEYARE B (coronary angiography:
CAG) 88X LVG 3, PTCA o 1~2 @RaT
IZHefT U 72 h3, 81 F174; (left anterior descend-
ing artery: LAD) J§EMR 94, ZEEfEk (left
circumflex artery : LCx) 5524 1 i, £A&ZHIR
(right coronary artery : RCA) S5 1 i Tdh -
7z (Table 1). %7, HEHRAEH Iz PTCA Eif
ICHRERR S hie.

PTCA i3, &EflicowT 1 @ad 3 @Eo
balloon inflation #4Fvy, & 21 EOFHICEL
THAT L 2. Balloon catheter ;3 ACS #, Simp-
son-Robert coronary balloon dilatation catheter
T, size {3 2.5mm 25 3.5mm, FF4H 120
p.s.i. T 60 #fE inflation L 7= (Table 1). Guid-
ing catheter {3 USCI # FL 4.0 2% 5.0 %,
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Table 1. Clinical characteristics and angiographic findings of the subjects
Mode of PTCA Degree of stenosis (%)
Case  Age Sex Coronary lesion Balloon size Pressure Duration T Before After
(mm)  (psi)  (sec) mes  pTCA PTCA
1 51 Male LAD segment 6 3.0 120 60 3 90 20
2 43 Male LAD segment 7 3.5 120 60 2 90 0
3 42 Male LAD segment 6 3.0 120 60 1 90 60
3.5 120 60 1
4 46 Male LCx segment 13 2.5 120 60 2 99 25
5 50 Male LAD segment 7 3.0 120 60 2 75 25
6 52 Male LAD segment 7 3.0 100 60 1 99 25
7 69 Male LAD segment 6 3.0 120 35 1 75 25
60 1
8 61 Male RCA segment 2 3.0 120 60 3 90 25
9 56 Male LAD segment 6 3.0 120 60 1 90 50
10 64 Male LAD segment 6 3.0 100 60 1 90 25
120 60 1
11 60 Male LAD segment 6 2.5 120 60 1 90 50

PTCA =percutaneous transluminal coronary angioplasty; LAD=left anterior descending artery; LCx=left

circumflex artery; RCA=right coronary artery.

guide wire 1% ACS # hi-torque floppy guide
wire # w7z

Wi L = — RN FR & U T AEE SR v
~ ¢, PTCA Bk, balloon catheter o in-
flation 10 #b@fi7: 5 deflation 4% 120 #p % T& 8
gL, FRIC M £—FLhxza—HbiE&EL
7. Dra—Rizts ¥ -—REFEENETER
[3EE (GR¥fl SSH-11A) 2 ML, WiEL=
a—ix VIR (AAr s #—# CR-8500L) iz
&L, M £— Fil>= =2 —[XiE strip chart re-
corder (GEZ#! FR-08A) 12T, MY 2E—F
50 mm/sec TEEH L 7.

12 FELERE, PTCA ERi»LKRTHRET
B EfERLEK L 7.

452 asynergy MF2BE i3, normokinesia, hyper-
kinesia, hypokinesia, akinesia % 7zi3 dyskinesia
D4 EBET, HBEEICE o THREILE. EXE asy-
nergy DEFH OB, Fig. 1 R4 2L <, DL
EhEEEiSE 23 L5 13 Lic, EEHHEY
BB, fUBE, BEELVWDO XIIC, EEESHEIL

IVS ant
IVS post

Fig. 1. Diagrams illustrating the parasternal
short-axis view at the level of papillary muscles
for dividing the left ventricle into 5 segments.

LV =left ventricle; RV=right ventricle; A=ante-
rior wall: IVS=interventricular septum; L =lateral
wall; P=posterior wall; ant=anterior; post=poste-
rior.
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Fig. 2. Parasternal short-axis view of the left ventricle before PTCA.

No asynergy is seen.

ED =end-diastole (left upper panel); ES=end-systole (right upper panel).

THRE LT

12 FELER O BlizonTid, ARLER
OHEHEFECENTHF L. Thbb, T o
HRE 0.2mV P, ST segment oZ8{kix 0.1
mV P ko Efkzb-THEL, B U ki,
T i< tEoiEh< 0.05mV Lot ok
EFE LI
DrEa—KBIC 12 FELERO HER 3

}\®+ﬁfgi:l ) ’/ﬁ—' - Tz ﬁ#—?k‘i’]ﬁﬁf‘z‘# Tt
MEEHAWTHEL 72
1 2

PTCA ERIORBINRD B % B ix 75% 7
99% T, @fipsEiiis OfLRICEZh L (Table
1). PTCA Bz fRIMATE 2R T & eoix 1
B GiER 6) 7213 T, RCA o 2 ft L T
LAD M IS ShARETH - 72

il OZEEEEERE, WiRELT=2—K B X O
LVG Tz &2 BIiF <, asynergy 1358 7o
7z

Balloon inflation 4%, 1 {5 (GiEf 4) # v T4
flic/E= asynergy A3 Bl L 7z. LAD %o
PTCA iz, Figs.2, 3 12573 X 5 iz, #ing (Fig.
2) eHbIARIoT/E%E asynergy 75, balloon
inflation 4% (Fig. 3), ®iikis X ORI PG ICHER
Lic. Fig. 4 iR+ Z2L<, M == Fhza—
KTd, WELbza—RFRc —&%L T, E=
asynergy » A4 bihic. Asynergy (DH:'.iﬁﬁMj‘
afl &b PAEME OREFRFIK < —F% L Tw 71
(Table 2). /=55 asynergy OFLFEE 1, 4 mﬂatmn
IZHRWT K ofEfT & & 4 i #8583 L, hypokine-
sia (% balloon inflation # 7#b7»s& 1480 (9+3
) T, akinesia %723 dyskinesia {1525
268 20+7F) TR bl (Table 2).
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Fig. 3. Parasternal short-axis view of the left ventricle during PTCA.
The anterior left ventricular wall and the anterior interventricular septum are akinetic.

ED =end-diastole (left upper panel); ES=end-systole (right upper panel).

FEF) 4 ﬁﬂ‘ﬁ—f e Bt 7 PTCA thollE
,D:\::—[]fpgaf%f X%, /£ asynergy OYE
BREECH 5. Fi, JEF 1T, A FU
A ¥ —fiA% X D EE asynergy 2HHL, bal-
loon inflation RIC I3BRZE M4 O REFREEE X4 T
1z akinesia L 7p o TWiz. Z® 24, 3 nloFH
B LT, G E LT, AT oxtR» bR
s Ltz

Balloon deflation %, = »7£= regional asy-
nergy 1, WO L & bIciHRL, 8BNL
16 > (12+3 %)) < normokinesia &7V, *0
#%, EE Lk o hyperkinesia 23380 bihvic 27+
9 %) (Table 3).

ZOXHic, K= asynergy ORREER, KO
mEme L bicB bt an, zofkFE M £—F
Dra—TRE Lo Fig. 5 Th s, Az
LAD j5% <, PTCA #ijicix asynergy 234 Hh

o 125, balloon inflation 4% 16 #ic i3 A=
i akinesia & 78 v, 27 #451C X [ dys-
kinesia #2 LTwW%. %L C, balloon deflation
#% 15 i3, ZE=EAA2 hyperkinersia # 2L
W5

EEBEICE L T, = asynergy O#E{TIC
el LT systolic thickening DD 2338 Hiu
727% (Fig. 5), systolic thinning o 7 & L 72 FE
WF o7z, E7z, balloon deflation %4, £=
regional asynergy o [Elfgic — % L T, systolic
thickening OFEAE L A48 L 7= (Fig. 5).

FIMEee: Lz 12 B ot 5+ Table 2
125 3. Balloon inflation 1% 85 22 (13+
T8) wkmosfb L, B U Erash,
T T frofEmEmss 18F0 5 38 (2812F)
#gic@ ok, ST of5&E % F&H13x, balloon
inflation % 2075 38 3111 #) THIEL
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Fig. 4. M-mode echocardiograms before and during PTCA.

No asynergy is seen before PT'CA (left panel). Dyskinesis and decreased systolic thickening of the
interventricular septum are seen during PTCA (right panel).

Before PTCA During balloon inflation After balloon deflation
control 16 sec 27 sec 15 sec

T R R I R I T T TR T s CERR e PR TR R TR Ty SRR SRR EULEN R AR ER AR RS SRS Rt R

.h.v..c....‘i,... n..T....l-...l...-l....l....Y,...l..l.

Fig. 5. Serial M-mode echocardiograms before, during and after PTCA.

Asynergy of the interventricular septum (IVS) occurs and increases after balloon inflation. Dec-
reased systolic thickening of the IVS again becomes more apperent during PTCA. The IVS shows
hyperkinetic motion and decreased systolic thickening is no longer present after balloon deflation.
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Table 2. Echocardiographic and electrocardiographic findings during PTCA

Echo findings

Mode of

ECG findings

PTCA

Time after inflation

Time after inflation (sec)

Case Coronary lesion —— — Location (sec)
Duration Times o ST
(sec) asynergy s A-or . Tall
Hypokinesis dyskinesis Negative U Twave elevation
1 LAD segment 2 60 3 IVS & 6 22 22 38 38
(90%) Anterior
2 LAD segment 7 60 2 IVS & 7 15 10 19 26
(90%) Anterior
3 LAD segment 6 60 2 VS & 12 — 12 32 36
(90%) Anterior
4 LCx segment 13 60 2 Not visualized — — —
(99%)
5 LAD segment 7 60 2 IVS & 10 17 11 30 34
(75%) Anterior
6 LAD segment 7 60 1 IVS & 10 18 11 33 35
(99%) Anterior
7 LAD segment 6 35 1 IVS & 8 18 9 21 27
(75%) 60 1 Anterior 7 20 8 25 28
8 RCA segment 2 60 3 IVS & 14 26 16 28 30
(90%,) Posterior
9 LAD segment 6 60 1 IVS & 8 24 8 34 37
(90%) Anterior
10 LAD segment 6 60 2 IVS & 9 18 10 18 20
(90%) Anterior
11 LAD segment 6 60 1 IVS & — 0) — 0) 0)
(90%) Anterior

9+3 207 13+7 28+12 31+11

IVS =interventricular septum. Other abbreviations are the same as shown in Table 1.

. LdL, ERCE-TIE, B U B ED
o, T RoOWEE, ST LA LELFEALAL
hiz. T g oieE 1z, balloon deflation ij% (bal-
loon inflation %EHG42F) IR L7 Y, 20D
#%ix ST EEMEIhIREET T o voltage
A CEE L.

Zh b oLEREBONREREIE Fig. 6 1R,
Az LAD %520 PTCA {4, balloon infla-
tion B, control L b &R VA, 8L
Vs, Vo FEcRME U Eo3aoh, 25fH%ICIE
FEL T golEmz@Evcws. FER ST L
H.ix, balloon inflation #% 28 #CHER L, 427
#icix T g voltage IR K LER->TW3B. *
n1%, ST segment » FHIIENRET T

EORBE LTS,

Balloon deflation #%, T Fizx sEE L,
A T lkoR@EEFHE 17 ke, ALK
ST segment DHFERETIIEH BB#KIcHL
t, ST segment [IFEFREDFEEE & b IcEMBIZ DL
L afEm A A bz (Table 3). =, T ki
—REEAETF L7225, 9 90 #4%121E, 124E con-
trol IZFEVVIREE & 72 5 7 (Table 3). Fig. 7
toREH (Fig. 6 LRER) ThHs. AT
balloon deflation % 12 <, &% T BEoRES
Bash, 16 %A RE.R ST segment Dif
Tr@Evbhlk. 2o%b, T KRS LET,
ST segment (FEMBIZ S ¥ 2EHMMEHHh, 3257
#icix T B#ErFEEELTWEOR R LN *
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Table 3. Echocardiographic and electrocardiographic findings after balloon deflation

Echo findings

ECG findings

Mode of
PTCA

Case Coronary lesion

Time after
deflation (sec)

Time after deflation (sec)

Duration .
Times

Normali- ST Flattening Negative

(sec) Baseline Ezgseirs z%tlgvr;vzf segment oo T wave

1 LAD segment 6 60 3 10 33 10 10 — —
(90%)

2 LAD segment 7 60 2 12 35 13 22 50 70
(90%)

3 LAD segment 6 60 2 15 — —_ — — —
(90%)

4 LCx segment 13 60 2 Not visualized — — — —
(99%)

5 LAD segment 7 60 2 13 18 11 14 41 —
(75%)

6 LAD segment 7 60 1 14 18 — — —_ —
(99%)

7 LAD segment 6 35 1 13 43 8 16 34 47

(75%) 60 1 15 20 12 16 32 —

8 RCA segment 2 60 3 16 31 39 29 — —
(90%)

9 LAD segment 6 60 1 11 34 14 14 — —
(90%)

10 LAD segment 6 60 2 8 18 8 9 16 19
(90%)

11 LAD segment 6 60 1 11 16 11 13 — —
(90%)

12+3 27+9 17+16 18+10 35+10 45+21

Abbreviations are the same as shown in Table 1.

LT, ¥RIbL T FidkxicEEL, 08#%
1212131 control IZIFVIREE & /e 5T .

L L, Eflick-oTik T BEoRELELERDL
niamoley, THORERA LRI T55E
2% - 7= (Table 3).

EG 4 TRLER EEERELEE DT, EF
11 % guide wire iE5@1%, balloon inflation Bi
v T poiE, ST segment FH-ZFTFE D HH
7z (Table 2). z o 25Ef, 3 EIOFHICEALT
3, b a - ERERIE, 2T OMR»LERIL
Iz.
¥72, DEREOHUMEE, RELEXE
MOLEXER X VERSHERANICH - 7o

%= regional asynergy MHELHK LLER

FleoBtRiE, £ER, % inflation T—ETH
-7z. +7#bt, balloon inflation B, /A= re-
gional asynergy OHEIZ, BAELRLERE
{t X v &<, balloon deflation 1% £ =8 BEES) »
B, LERO ST-T BeoEELY bER
-7z

PTCA HroigfEd b EEEEEBRE © HBER
DERE A bNS EToORMOMECELT
3, ZRERTIDEBX bR, FEE
TR hote.

z #®

EMEOME IR D L EMRE D SHEIEE & L T Ol
Bhza—RKoBRAME, BIHERICBWVWT
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Time (sec) 0 8 28 42 60
(Control) (Inflation) (Deflation)
N O I der o ; |
¥ T W r "'} i i W
Ve Y i ;
I o L g N o AL oA\ [
HEESR s Y { ! > ] B ik =aaM
V2 ; RIS (EE
I ik R M 4
g B i SINENN -
A 1 ; [ B
i Ao { N w / ]- |
£ V.. » N T "' _7 i . t !
va HZ =N Np e A TS O ot
. i I ! 4 4 AR N §
i iy : : i :
ok MR R R T
o :
Va 4 =
SAEIA SHALAN b
' T f f
L déd i Hi
!‘ ! ,’ru -
1 il - ~ ’\.{i -Ji 'A;,,-.I \,,,\.f
Vs LA A r + { { . {
i b i :
N LI
: P - g i i\.l'
i - s

Fig. 6. Electrocardiographic findings before and during PTCA.

Negative U waves are seen in Vg and V, 8 sec after balloon inflation. Tall T waves appear 25 sec
and significant ST elevation is seen 28 sec after balloon occlusion. Forty-two seconds after balloon in-
flation, maximum ST-T change develops. Thereafter the voltage of T waves becomes decreased.
However, ST elevation is still present at this period.

1,070 REEERICREWT 12719 K mbhT
W3, DB X % EZEEED B LT,
R OEEGHRE L AEREE OB, BHEOK
FTREFPMLATNWSISD, Uiy, 2hbnk
= OBRIES 0B, OERTRIY LRL
HIE+ 2 L Ebhi T 3101L819  Batter 519z
I hid, BEIRER% * OBREE 0L EE
FE T I5HURNIcELh, OERED ST E
B GOW%E) XyBEMrofck LTW3. Sugishita

5%, MBMIT L= 2 —% —ZFIH Lz AR
x o — R POUEBE ITHEST U O ML 2 F R
L, EEREESHRE LOEBEREL & ORGRE RE
LTW3. ZofERiE, RMEZEEESH 0K T
2, At 0xISHTHIR LI L, LE
HoFE R ST &B{bix, AME 90+60FCLh
HRoNBVWETBELDOTHY, BMERORER L
AMEZBWTIERA LV D EE X B. HEA DY,
EBAMEB LT a2 —EE AV, RkOREREL
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Fig. 7. Electrocardiographic changes after balloon deflation.
The voltage of T waves decreases significantly 12 sec after balloon deflation. A marked decrease

of ST elevation is seen 16 sec after balloon deflation. T wave shows flattening 32 sec after reperfu-
sion. Finally, electrocardiograms return to the control level at about 90 sce.

BTn5.

Hauser 52013, 4Eo Fx o W & FEkEC,
PTCA rhofesBelE) o 2% BT =2 —[X
FHWTHRE L, ZEZRBESEBHKT X balloon in-
flation % 198 TAHbh, LERXD ST seg-
ment ® L& G0+£5F) T v AEZICE -7z L L
TW3. F72, #5113 balloon deflation % AEE
BEEBOIER L, 178 B TabAL & WL

LCW3. %7z, Visser 52V DRFEICHBWT D,
FEERBEOREZBE LR T WS, Zhb ORI
XY, AMEIZBWTHEIERICE T %0 LEfk
\2, ZESBSEBIRE SLBEREL X Y S0 m
BMOIETHZZ Enbr ) 22db 5.

AE O Ax OB T B EEBSER R L O
FEXE L ORI, chooRELRKEL{EDb
578 o 7273, balloon inflation 4%, ZE=EEEET)
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DIET% B BETO RN 9+3F L Hauser

LOWEICH LRr ok, Chid, EREESERO
FHiliic, Fx xplEEEHS (FLEF L <L) %
RWied, #6143, EfTTBRER TRlRE
PuiEdTE SR % AT Y, asynergy % FAfi L7z
WEOHEL—K TH 5 REM H 5. £z,
B, X5 & L THINTIC asynergy 2345 h 7o
FILEHTE Y, Zhi balloon inflation 7 6%
EEEBRT E CORMZEL 35K L4 57
A D B,

DEREICELTE, ST FEOHERDII
Hauser & #4520 LELIL T W2, K50 B
&R Visser b o#EL i3, Bt U gL T B
OHEBICOWTOEREI A bARh o, BEU
BERLFELOBEICERCHEZ LIFUFILY
S TWE B8 L RER VDR
BRTH2LEDbh3. 4E, LHRMLFRRED
ELBEWLEREL Y U gthbsz bz,
FERICHIREW. Ladh, EXEEHE T, B
# U BFoHBRLEBELCLVERIBESHELT
w35 (t=2.17, p<0.05). L L, B U iz
Flick >CTRBBELRNZ L L H Y, SbHicdig
DRFBMETHB LEDbRS.

¥, OHEERH (hyperacute phase) o
BREE, HE - RSl T EcdbsLiE
KEIZEDbhTWB R, SEO FEIZBNTD,
FHEH], £ inflation izvT, T Ko » ST
ERIVIBRIHBALTWE Zhiz, BB
DOLERERKE LT T BoEERRB+ 5
boEEABNB.

DB OEEEEICEL TR, EEEED
BETFTE AR, A XI2HBND X5k sys-
tolic thinning!™ 3B s hkeh o, Zhid,
bt b & A X ORRIMITER D REDRE REHLD
HELREPBERLTVWEbLDEELZLRD. &5
23, BMoOFREOME, LKL 0ZEW
REOHEBLEZ LR S.

MLY% o = EESEB) o [F147 13, Hauser
520 Visser 520 zrh LV bBE»ok. Zh

PTCA B,z a— & LHEX

b, HREBEEFEOEVLEFT TEARL, BB
T a—OWEOHESBEFRL TS b0 L Eb
ha. Fiabb, NIEETETOAEE asynergy O
Bici, ETEERDS L EDbLS.

¥, LDEROREX Y LAEZEESOEED
FBRBRpokR, Zhi, #RBEshTtnssT
— 5L —HT B LD THS.

Balloon deflation #% o T o EELoetE T
BEoMBwBEL TR, —ELLEMTRET, #
BrEIh FHsRFAEMAILERDBLE
bhi.

E #

PTCA iz Bz a—FE: M £—F .=z
a—, 12 FELERE RETE L 11 5EH4,
20 EI0FHFICOWTRIFL, UTFoRERE B

1. /&= regional asynergy {3, balloon infla-
tion % 9+3WTHON, LDEREILI Y LEL
HEL, ML 2ERHRTH o7z

2. E=BEo systolic thickening X, regional
asynergy DOEFTE & LIZIE F L 72 28, systolic
thinning X4 i D> - 7.

3. Balloon deflation %, Z£Z asynergy DiH
%3 12+£3BcHh bR, 0%, EELED hy-
perkinesia 3% Hhiz (27+9F).

4. Balloon inflation %, H& 1 BWLEREL
et U choke (13275).

5. Balloon inflation 4, T JEo#E I 28+
1286, ST LRI 3111 TcHrbh, EE re-
gional asynergy VHHIE XV L FBICE» o2 (B
DOBD t=6.33, p<0.00l; t=7.96, p<0.001).

6. Balloon deflation %, A= asynergy o|g]|
FHRLERELOREL Y bR - 7.

X
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echocardiographic study. Am Heart J 107: 465-
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