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The Effect of Preinfarction Angina as Ischemic Preconditioning on Myocardial Protection

Tae-Young Choi, MD, Seung-Jae Tahk, MD, Myecong-Ho Yoon, MD, So-Yeon Choi, MD,
Min-Cheol Kim, MD, Heung-Mo Yang, MD, Jung-Hyun Choi, MD, Zhen-Guo Zheng, MD,
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ABSTRACT

Background and Objectives : By measuring the coronary flow reserve (CFR) and echocardiographic left ventri-
cular function, the purpose of this study was to evaluate the effect of pre-infarction angina (PA) on myocardial
protection in patients with acute myocardial infarction (AMI). Subjects and Methods : Sixty-two patients (mean
54+10 years, 51 males) with first anterior AMI were studied. CFR, defined as the ratio of hyperemic (hAPV)
to baseline APV (bAPV), was measured at least 24 hours after the onset of AMI at the left anterior descen-
ding artery (mean 7=+4 days) with a Doppler wire. Echocardiography was performed at admission (baseline)
and during follow-up periods (mean 9%7 month). All patients were divided into two groups according to the
presence of PA within 72 hours prior to AMI : group A (with PA, n=27) and group B (without PA, n=35).
Results : Between the two groups, CFR were higher in group A (2.1+0.5 vs.1.6 0.5, p<0.001). The baseline left
ventricular ejection fraction (LVEF, %) and wall motion score index (WMSI) were better in group A than in
B (63.4£9.7 vs. 45.1£8.8, p=0.001 ; 1.42+0.23 vs. 1.72+0.28, p<0.001, respectively). LVEF (%) and WMSI during
follow-up periods were better in group A than in B (61.3+10.2 vs. 54.4+13.3, p=0.03 ; 1.24+0.21 vs. 1.47+0.37,
p=0.004, respectively). Conclusion : Patients with PA had a significantly higher CFR and better LVF at the
baseline and during follow-up periods. This study suggests that brief and repeated myocardial ischemia prior
to AMI as ischemic pre-conditioning might have the effect of myocardial protection. (Korean Circulation J
2004;34(5):451-458)

KEY WORDS : Myocardial infarction ; Ischemic preconditioning ; Blood flow velocity ; Angina, preinfarction ;
Ventricular function, left.
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Aoz Yok T A7k A FPo] LAPS W)
7]{ @ 1 A7131<] G‘:EL o) vjA= AT B
713 A o] Hel| sk
/E.EL-J 717 (stunning) &) AEE T4
é‘H‘J TS Atk A7E0]
AV S PAx2A= A, A 5§
WY 9 2413F o]ufjo]] A|&)i= %7] (early phase B
i= classic phase) s|8dxX|9} B4, A 318 o] %
2477F Fof] Yeht HA 72417F A&E = A9 (dela-
ved) 387 %X(late ischemic preconditioning T3+
second window of protection) 2] HEjZ EAsci
oz 9lom VY el nEF=#oHmitochond-
ria) ol $1%8+ Karp channel (mitoKatp channel) & 2
A %= o] mitoKate channels E43A]7]= 215 A
ok A4 (signal transduction system) ol Zoisictm <+
7l protein kinase C(PKC) & @433} &= oA|A]7
= B4R JEARAE FsAY A 9l
o] A ¥ ZA]o| mitoKarp channel®] F23%
#Z #gAl(end effector) & ZHE3kaL Q0] HaL
e}

HEW dF ou]g (coronary flow reserve, ©]3}
CFR) 714 Aol nlal Huiz d7de HerZd
< o, u)A s Eslet A A
& F¥(coronary resistance vessel) 9] 7]5S WFY

3k Aoz Ae] AES(viability) 7} Bo] gletA
AT A Jglef wlA| FF £3ko] fA|Ho] AE A
(viable myocardium)©] &4 % CFRe] % HE
drfa A Qek?0 2 e A g4 Ao
% (acute myocardial infarction, ©|3} AMI) #kx}ofA
AT B2 A 72417F ool EASE M PilSe
5 AR, A8 Hilso] SlEMRARA AT B
% &t YAE CFRY} AxS3de] 34 78
E-(left ventricular ejection fraction, ©|3} LVEF) %!
8- Aol x]4=(wall motion score index, ©]&F WM-

SDE o]-&3to] dopr iz} sigick
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A AMIO 2glo] vjglale] 412 4] 24413 of

Fof A3} A] (left anterior descending artery, ©]

Al T FA%E (7] F2<30%,
™Y 55 3¢ %3}7%\% #2 A7} 30%vIREe 2
32} 5 CFRS 5743 62
ol A dldo R sigith A9 AMIC] 4Ll 30
T ol ARl F8o] AEH L AR S
AEH X (precordial lead) 271 o442 mmo]
A STRA Aol glom F4 A aax] A}
oA creatine kinase (CK) % CK—myocardial band
(CK-MB) 7} 74 733x]¢] 30) o1 S71sh A= &
Stk BE e U GA A 253 (transtho-
racic echocardiography, ©18t TTE) 2} 434 A&
Te deW 29+ o] CFRE S35 5 & 5
Z TTES Al3aialet. Wil GA 4Q1d <, LAD ©]9]
o] v el A7t AakE Bl A I HE
< H3l A, A 2487 e] I SRS At
5, TAE o)F o] F&o] 30%0)dR] A= AT
tPdela] ALttt Ad FAeS AMI 24 A 724]
Zk ool 30 mIRke] M AR At S-S ARl
Feol e A= AFsiglon M8 fes Ast
R A AT, AR FHTs AP A B
= BToE gosisith

?z‘ﬂl

TTE)E °©I8%t 21 TI59 B
% é Al&sl7] A BE Exlol]
A é}i—%ﬂr‘?— ] &35}9c} Modified Simpson’s me-
thod® 214 8P/ 2-84] A5 (mL/m?), 57| 24-&
2 A= (ml/m*) & Z38}o] LVEFS Faliar 24
o] He-52] AolE H7ke] 915kl American Society
of EchocardiographyelA 43t 1644 2 45501 :
normal, 2 : hypokinesia, 3 : akinesia, 4 : dyskinesia)
2 AT H0) BeEe] o) AEE W
SIZ TBATHWMSI=EE 8] A-gA/ A8 &
Aol ). BE AN g 9x7/0€Ee 4 TTE
E Al@atglor LVEF 3 WMSIE a3l

o BEM E2 oHE(CFR)Y &Y
T2k Stell tiE WAl SeldingerX WHOE

o=kl
2
E¥H(sheath) & 4J3t 3 Judkins %= Amplatz 3
)

BEAE o] §3jo] BEY £9ES AW, LAD
o 50% obgel $EU Po] = Bl FH Y
% i 26IE S o83 ARTES Ausigon)
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LAD®$ (colleteral circulation) &=

EEE T o
Rentrop 7= 01%6}033}1‘9
PEW 5o 2o ADY] A i Tu =

A 5P gein

(Flowire, Cardiometrics) &

o]l 0.014213] Doppler % X4
AX s & 714N Ht H
= (baseline average peak velocity, ©]3} bAPV)
9} adenosine 48 pg& W T T4 5] ol
Z8A] B #3115 (hyperemic average peak ve-
locity, ©13F hAPV) & 733tk CFR 714A] B+t
Hu Hxot Ao FEA| Bt H3 £59 vl(hAPV/
DAPV) 2 oJaiSick. ths et et v 5 &
T EEE o]&3t] W s AR A7 A (coron-
ary vascular resistance index, |3} CVRD Z 5131
o, A FEA WY T AF A4 (minimal CVRI,
Ha W T AT A9 "9 7AA] B s A3 A
F~(maximal CVRI, #u| ¥ 59 A3 A9 += vk
I e FAoR FT

3%

) 384 B 5
o) Bt /A

A Asp=H) FEA
FAN WY B FE AL S

Table 1. Comparison of clinical characteristics between

two groups
Characteristics Pts with PA  Pts without PA
(n=27) (n=35)
Age (years) 52+9 55+10 0.17
Male gender (%) 24 (89) 27 (77) 0.32
Risk factors
Diabetes mellitus (%) 7 (26) 7 (20) 0.76
Hypertension (%) 6 (22) 11 (31 0.57
Hyperlipidemia (%) 9 (33) 9 (26) 0.58
TOT(?J];;‘SL';%TE’"O' 20643 208t49  OF
HD(;(;?(;ISSTerOl 3746 42410 0.05
LD(Lr:g%f)STem' 135440 13641 078
T”?x‘;‘jg‘f)e 1994124 144196 OV
Smoking (%) 18 (67) 27 (77) 0.40
Thrombolysis (%) 10 (37) 24 (69) 0.02
Time interval from onset 253200 288+182 0.66
of Ml to thrombolytics
therapy (min)
Peak CK (U/L) 30042445 4218+2811 0.12
Peak CK-MB (2 g/L) 3431443 297+205 0.63
Time interval from onset 862+ 585 664+305 0.13

of Ml to peak CK-MB
elevation (min)

714 I T A Ae=71AA] e B S
7AW T A Ha S
SHIA=
BE A5 Byt aFuxE 2AERa 7
Alole] W& W2=2] H|wE= chi—square test, 1% W
9 H]JJ_—" student t—test& O]t 7+ wollA

U DA)9} 224 B2A) 9] Bl W paired t—testS O]

£33tk patel 0.05018k4] EAIA

Frelgel gk

sk3ich
d 4

Oy 2HAlS] AINA E Tl Sz Y= B

AT o B 629 (F: oJ=51: 11, BF IF :
54+10A) & AMI 2 72A)%F ool A8 g5
o] A FAHAD E 27 (44%), A3 HA=o] ¢
Al ABHE 35H(G6%) oItE B A3ke)
Az gzl %ha T8t IAESE FAo wE

Pts: patients, PA: preinfarction angina, HDL: high density
lipoprotein, LDL: low density lipoprotein, CK: creatine ki-
nase, CK-MB: CK-myocardial band, MI: myocardial in-
farction

= 7 T ARl felE Aozt §igitk AT F 107
(37%), B & 2478 (69%) oA EHL3AS AME-3f
A (p=0.02) Ao 1%t FEFo TARE &
FAE ARgsR=Tl A AIRES ikl zto)7h $isl
Hp=0.66) (Table 1).

AMI 24 Ht 72400 B 2PES Al
3L LADe] 439elA ARIE Ales, 177804 F41 8
s AFsIsion Azt Falo] glojx FAlkeo] 2

Q3] ot #xl= 29ollnk 7 Rt SR Al
AFE S Be® P2 Yol gt Ajol7t ¢l
AGMLD+£SD, p=0.50 ; MLD*SD, p=0.94, res-
pectively). 5% Z9% 4 Rentrop grade 2 ©149]
% & (colleteral vessels) > ATollA 1Ho] o=
HJekp=0.44) (Table 2).
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5 T Ao B3 27 EH(CFR)L 2 8 M
A&(CVRI)S Hlud

HBA FA ol

Table 2. Comparison of angiographic characteristics
between two groups

Pts with PA  Pts without PA

Characteristics (n=27) (n=35)
Ml 0 0 1 0.64
1 2 2
2 11 18
3 14 14
PCI 0.18
No PCI (%) 0(0 2(6)
Ballon (%) 10 (37) 7 (20)
Stent (%) 17 (63) 26 (74)
Pre-PCI
MLD (mm) 0.7+£0.5 0.8+0.4 0.50
DS (%) 7911141 73.7£t15.6 0.16
Post-PCl
MLD (mm) 29+0.7 28+0.6 0.94
DS (%) 10.4+13.2 13.1£13.2 0.46
Re;ie(;em”ecfeervﬁfri') 32405 33405 04
Collateral vessels (%) 14 00 0.44

(grade >2)*
=. rentrop classification. Pts: patients, PA: preinfarction
angina, MI: myocardial infarction, TIMI: thrombolysis in
myocardial infarction, PCI: percutaneous coronary inter-
vention, MLD: minimal luminal diameter, DS: diameter
stenosis

p<0.001
37 1
21405

—‘7 1.6+0.5

CFR

[ Patients with PA (n=27)
[ Patients without PA (n=35)

Fig. 1. Coronary flow reserve according fo presence of
preinfartion angina. CFR: coronary flow reserve, PA: pre-
infarction angina.
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UM AelA frolahAl 3 eH2.1+0.5 vs. 1.6+
5, p<0.001) (Fig. 1). #59 dF =5 S431
< 9 bAPV(cm/sec) & 7 T Afelel] f2]st Ajols
Holx] ¢kko1}(23.5+10.6 vs. 22.6*8.8, p=0.70)
hAPV (cm/sec) & AelA FolebAl =th46.6 £
20.3 vs. 34.7%+15.1, p=0.01) (Fig. 2). 71A*1¢] CV-
RI(mmHg - sec - cm™ )2 Y Zolld] 23k 2jo]7} ¢l
Ao (4.4+1.9 vs. 4.5+2.1, p=0.90), Htl TA|
] CVRI(mmig - sec - cm™ )& AolA] 2m|olA] v
SH2.2+0.8 vs. 3.1+1.8, p=0.02) (Table 3).

p=0.001
46.6+20.3
60
34.7+15.1
Y p=0.70
9 1
o 40
b 235+10.6 226+88
g% T
> 20
o
<
10
0-
Baseline Hyperemic
[ Patients with PA (n=27)
I Patients without PA (n=35)

Fig. 2. Average peak velocity according to presence of
preinfartion angina. APV: average peak velocity, PA:
preinfarction angina.

Table 3. Comparison of hemodynamic characteristics
between two groups

Pts with PA Pts without PA

(n=75) (n=61)
Baseline
mAoP (mmHg) 90+15 85+15 0.21
HR (beats/min) 72+10 77112 0.08
APV (cm/sec) 23.5£10.6 22.6+8.8 0.70
Mmm'gi\éi'.cmﬂ) 4419 4521 090
Hyperemic
mAoP (mmHg) 88+15 86+13 0.47
HR (beats/min) 73+£13 80+15 0.60
APV (cm/sec) 46.6+£20.3 34.7£15.1 0.01
Ml?rler:Lngcl~cm*‘> 22408  31+18 002
CFR 2.1+0.5 1.6+£0.5  <0.001

Pts: patients, PA: preinfarction angina, mAoP: mean aor-
tic pressure, HR: heart rate, APV: average peak velo-
city, CVRI: coronary vascular index, CFR: coronary flow
reserve

Korean Circulation J 2004;34(5):451-458



p=0.03
p=0.001 —
1 6132102 5444133
70 53.4+9.7
60 | 451+88
50
R 40
w 30
2 20
10
0
At admission Follow-up*
[ Patients with PA (n=27)
I Patients without PA (n=35)

Fig. 3. Comparison of left ventricular ejection fraction
between two groups. *: mean 9 months after infarction.
LVEF: left ventricular ejection fraction, PA: preinfarction
angina.

p=0.004
1

p<0.001

1722028
. 1474037
1424023 124021

- T

WMSI

At admission Follow-up*

[ Patients with PA (n=27)
I Patients without PA (n=35)

Fig. 4. Comparison of wall motion score index between
two groups. *: mean 9 months after infarction. WMSI: walll
motion score index, PA: preinfarction angina.

T O W FAR I AN TINAL |5 W oY

W FA TTER 573 LVEFE T o Alolelld
oIt AJolE Ko ATt BitrHuk LVEF (%) ©] £
11(53.419.7 vs. 45.1+8.8, p=0.001) (Fig. 3) WMSI
o] EQH(1.42+0.23 vs. 1.72£0.28, p<0.001) (Fig.
4). Byt 9+ 7N F 4] PEA e 549 LVEF (%)
T ATl BEETE E3431(61.3£10.2 vs. 544+
13.3, p=0.03) (Fig. 3) WMSI%E Av-ollA £33tH(1.24
+0.21 vs. 1.47+0.37, p=0.004) (Fig. 4). &+ 1~ &+
oA UleAwrl 4 $EAlef 2m|3li= LVEF (%) 2|
Z7HA 1 53.4+9.7 vs. 61.3£10.2, p<0.001 ; B :
45.1%+8.8 vs. 54.4+13.3, p<0.001, respectively) 2+
WMSI®] ZaE HATHA :1.42+0.23 vs. 1.24+0.21,
p<0.001 ;B :1.72£0.28 vs. 1.47£0.37, p=0.001,
respectively). U @A 2] #2AS] 2404 T

Y59 M3 JLVEF (%)) F 2kl Zo)7} 1
©1(7.9+9.8 vs. 9.3+14.0, p=0.67) WMSI] ¥3}
F(IWMSD & 7 w7kl Zpol7} $iich0.18+£0.24
vs. 0.2210.36, p=0.68).
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19869 Murry SV¢] 7lle] 352 43S Eajo] 5%
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3

oA ERPA FalTol Al A A e gl
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< (percutaneous transluminal angioplasty, PTCA)
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A= A Falso) AR SAtolA LVEF (%) 7} A4
71(53.4+9.7 vs. 45.1£8.8, p=0.001) % 4 &
FAJ(61.3+£10.2 vs. 54.4+13.3, p=0.03)¢] &3},
WMSIE £90TH1.42+0.23 vs. 1.72+0.28, p<0.001 ;
1.24£0.21 vs. 1.47%0.37, p=0.004, respectively).

AT He s A5 5 Qe A9 gaes B T
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U= 23kl
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0
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g edlow Xl AT SR(EA DAY 8
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14 ARE Aol 4 Aw Az 3
Aol A2 3t 5 0% IRACHA CFRE 433
< u AE HAEE AS5E 5 = CFRY cut—offgk
(sen-sitivity=84%, specificity=85%)< 1.3°0% X
gk vk Qlef o Aol A dalsol SAlskAl ¢
& gl CFREES 1.6+0.5019001 #adalo] 7]
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F2o] glold (I WP FAKB0%) TA Ales Al
et k& 62799 AHFHT o] 541104, At
514) 2 tjako g FA Az ukal 727 oy
o] A3 AAFe S Akl A3 dalsel A
o SAre AT (n=27), TABHA % FAE BT
(n=35) 2.2 Attt CFR2 0.01491%] ==
L AAE olgae A A Al (s de ) o
73 HH30%) sk EHe] A9Ptel S5
31, bAPVS} adenosine (48 pg)S 913 3] hAPV
= =73l) hAPVE bAPVE Wi o= otk
g 1:1—/\] o) ix% A (HE 91 77018) AFxLeutz
LVEF ¢} WMSI2 oo #449] 7152 vlawsiSi
2 1

bAPV (cm/sec) &=
CFRE}F hAPV AgtollA omglAl =34tH(©2.1+0.5
vs. 1.6£0.5, p<0.001 ; 46.6£20.3 vs. 34.7+15.1,
GA] W Z=A gEa] Al

p=0.01, respectively). W&
Z23 5% LVEF (%) ATllA #9431(53.4 £
9.7 vs. 45.1%£8.8, p=0.001 ; 61.3£10.2 vs. 54.4 %=
13.3, p=0.03, respectively) WMSIE Atolx £k
oH(1.42+0.23 vs. 1.72£0.28, p<0.001 ; 1.24£0.21
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