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ABSTRACT

Background and Objectives : The TIMI myocardial perfusion (TMP) grade is known as one of the methods to
assess the viability of the myocardium in ischemic heart disease. This study was designed to assess the value
of TMP grade itself and to evaluate the correlation with coronary flow reserve (CFR) in the prediction of left
ventricular remodeling and functional change after percutaneous coronary intervention (PCI) in acute myocar-
dial infarction (AMI). Subjects and Methods : We measured CFR and TMP grade after successful elective PCI
(diameter stenosis <30%, and TIMI flow 3) in 83 patients (mean age 55*1 years, 18 females) with AMI within
7 days of symptom onset. Left ventricular end diastolic volume index (LVEDVI), left ventricular end systolic
volume index (LVESVI), ejection fraction (LVEF), and left ventricular regional wall motion score index (LVR-
WMSI) were assessed by echocardiography just before and at 9 months after angioplasty (mean 9+5 months).
Results : Although they had achieved (TIMI 0.021) TIMI 3 flow after successful intervention, 27 of 83 patients
(32.5%) had impaired myocardial perfusion. After PCI, angiographic TMP grade was well correlated with CFR
measured using Doppler wire (TMP 0/1 ;1.4+0.3, TMP 2 ;1.9+0.6, TMP 3 ; 2.2+0.4, rs=0.618, p=0.000). Post—
PCI TMP grade was significantly related to the change of LVEDVI (r=0.452, p=0.000), LVESVI (r=0.435, p=
0.000), LVEF (r=0.281, p=0.010) and LVRWMSI (r=0.328, p=0.036). Conclusion : The TMP grade, a simple angio-
graphic method, might be useful as a predictor of LV volume and functional change in AMI. In the cardiac
catheterization laboratory, it could simply replace CFR for the assessment of myocardial viability in patients
who receive an elective PCI within 7 days of AMI onset. (Korean Circulation J 2004;34(3):247-257)
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5 2 mmoly, EF AFRE 1 mmolde] ST
Aol 9lal, ATEATA A creatine kinase
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B5Y U Doppler RERMS 0187t BSY BRI

ay
=%

2 =44 (FloWire®, Cardiometrics) 2 IX|AIZ] &
Al&gslsic) 714 4] HE] 4 (baseline average peak
velocity @ APV) & &7d3kaL o}l =4l (adenosine) 24~
48 pgs W 74 F ol T FAFHUEE
(hyperemic APV)E S333ich T dieln|s>
714N B HuL e} Ao A FaH SRS v
(hyperemic APV/ baseline APV) 2 4 2]3}ith

Table 1. Baseline clinical characteristics of patients

30N N AT FO

A& Z 39+ (heparin) & activated coagulation
time©] 30001 HE5 FF381%l0m, o} 3)H (aspi-
rin) 100 mg¥} ElE239d (ticlopidine) 500 mg &=
A2 B (silostazol) 200 mg F= F239] %72 (clo-

pidogrel) 75 mgs Al & 1€ Ao s

AZSTIE O[g7t SN FES 5 T}
Ul 7] B FAEE ABE] A RE Bl

TMP 0/1 (n=27) TMP 2 (n=19) TMP 3 (n=37) P

Age (years) 56+11 51+10 56+11 0.177
Male sex 23 (85) 17 (90) 32 (87) 0.293
Diabetes mellitus 509 6 (14) 8 (22) 0.848
Hypertension 8 (30) 9 (32 11 (28) 0.639
Dyslipidemia TC>220 (mmHg) 509 6 (14) 7 (19) 0.255
Smoking 16 (60) 13 (68) 18 (49) 0.185
Anterior Ml 20 (71) 11 (58) 21 (57) 0.242
Killip class 0.267

| 21 (78) 15 (79) 30 (81)

Il 4 (15) 306 5(14)

If 2(7) 105 2(5)

v 0(0 0(0 0(0
Thromolytics 21 (78) 14 (74) 29 (78) 0.863

Data presented are mean+SD or number (%) of patients. TMP: TIMI myocardial perfusion grade, TC: total choleste-

rol, MI: myocardial infarction

Table 2. Baseline angiographic and procedural characteristics

TMP 0/1 (n=27) TMP 2 (n=19) TMP 3 (n=37) P

Multivessel disease 509 6(14) 8 (22) 0.848
IRA 0.242

LAD 20 (71) 11 (58) 21 (57)

LCX 2(37) 306 3(8

RCA 5(18.5) 5(26) 13 (35)
Reference vessel (mm) 3.25+0.47 3.35+ 0.52 3.26+ 0.48 0.186
Lesion length (mm) 142+10.7 13.4+124 1317+ 7.3 0.690
Procedure

MinLD (mm) 0.68+ 0.57 1.10+ 0.34 0.85+ 0.53 0.409

%DS (%) 81.10+17.10 84.38+11.19 74.57 £14.19 0.150
Poststent

MinLD (mm) 285+ 0.73 294+ 081 3.03+ 0.55 0.137

%DS (%) 13.06+15.92 19.74+16.04 7.49+13.48 0.941
Stent size (mm) 3.35+ 0.03 3.41+ 0.04 3.47+ 0.37 0.699
Stent/reference vessel ratio 1.03+ 0.04 1.02+ 0.06 1.06+ 0.11 0.465

Data presented are mean=SD or number (%) of patients. TMP: TIMI myocardial perfusion grade, IRA: infarct related
artery, LAD: left anterior descending artery, LCX: left cifcumflex artery, RCA: right coronary artery, MinLD: minimal

lumen diameter, %DS: percent diameter stenosis
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lett Packard, HP 1500 ¥+ 5500) & Al3jalion
modified Simpson’s method®l| 2J3+ 24 7]
£2 A= (left ventricular end diastolic volume index,
LVEDVI, mL/mm?), 5%7|2-84 #5=(left ventricu-
lar end systolic volume index, LVESVI, mL/mm®)
4 FEES Felen 44 AR w-Edo)
= 371sH7] 95k] American Society of Echocardio-
graphyd] 1684 WhHoz S e & BHF
A4 A1 (1 : normal, 2 : hypokinesia, 3 : akinesia, 4 :

dyskinesia) & o]&3fto] 24l WA H-Egel A
T U 47k Hegael 4o e 1373*%4 A
Z

28] BR-5 Aol FAFE UPro] A Ws el A
(regional wall motion score index : RWMSD Z 3t
Ak BE skl A 9/1Y F2A AxEAHAE A
gatalom v A Axdsl 247 FEA19] A
250 A0S H]i’ﬁ}"% 44 g7 1eA A ¢

S7EEA AF, 25 U Al A5 ¥
315 Brtsisloh
SHITH

272 EAAE 9 492 SPSS(Window 98 rele-
ase 10.0)5 ol-83l3lth Be A5d Aus A+ x

T g WRe] vl
E 2 AL ol glla, A45F WEe) nlus Bl
A (ANOVA) & o833 om, TAREA oA f2akA
e 79 F714 22 post hoc analysis (Bonferroni
)& Aldete] k] Aol Blwalsiet. Kok T
sk ol Axgut Aol Al7hsle] mE Aol &
& t=3& o] &slgleh TIMI A7 =9 &
0 AReulg Alo]d] A Flel| aExlE &
glojull JAIG=(Spearman’ s correlation coefficient :
rs)E T8I L, receiver operating characteristic (ROC)
curveE ©]&3to] FA 7ls 9 ABA ASAIAEA
o] TIMI A<#F9 Relng e sAE 4830k
BE ArRRAelA pghol 0.05 18kl Aol SAEA
freido] lrkar A olsiginh

¢

>4

jio

J

27} 7278 (87%) 01Tk, 8392 3} & AL &
27F A A= 199 (23%) ©1%lal, 1Y 281
(34%), 1A EF2S 18 (22%) ©1R o™, 478 (57%)
& o] gtk ols FA F w4 ﬁ%@ﬂiﬂ A
HFE A8l Saaleln dHEsARE LH
plase (rt—PA) : 1 mg/kg) S Fooke 497} 64
(7T7%) ©130th. tWdeAl= 44 Ay 4t
7%) Foll I 2P U 7)A FAES ANt
Ne E}Zﬂ’é‘]—f’“ﬂﬂ— 524, F3]X=] 8

aqoﬂ;q EE ucg

IIb/Ma &= Z}%ﬂli %Eroﬁ‘ﬂc“’ ﬂXF AT T
s g 2RIENR)E & TIMI Al2eh Axe]
me} AR 017, ATER 27, ASTE 3o

Table 3. Comparison of baseline hemodynamic parame-
ters among groups according to TMP grade

TMPO/1  TMP 2 TMP 3
(h=27) _(n=19) (=37 P
Baseline
HR (beat/min) 80+14 75+£15 75+12 0.335
mBP (mmHg) 79+12 87%£13 82%15 0.155
APV (cm/sec)  23%11 22+10 20+ 8 0.336
Hyperemic
HR (beat/min) 82%+12  73+£15 74%=14 0.056
MBP (mmHg) 79+12  87+11 83+14 0.097
APV (cm/sec) 33%£18 39%+17  44%17 0.058
CFR 1.4+03 1.9+£0.6 22+0.4 0.000

TMP: TIMI myocardial perfusion grade, HR: heart rate,
mBP: mean blood pressure, APV: average peak velo-
city, CFR: coronary flow velocity reserve

CFR
3
2.5
2 Overall : p=0.000
15 ,=0.618
) Grade 0/1 vs. 2 : p=0.031
1 Grade 0/1 vs. 3 : p=0.000
0.5 Grade 2vs.3 : p=0.135
0 | | |
0/1 2 3
TMP grade
Grade 0/1 (n=27) : 1.44+0.3
Grade 2 (n=19):1.94+0.6
Grade 3 (n=37) : 2.2+0.4

Fig. 1. The correlation between CFR and TMP grade. After
cononary intervention, angiographic TMP grade well cor-
related with CFR simultaneously measured by using Dop-
pler wire. CFR: coronary flow reserve, TMP grade: TIMI
myocardial perfusion grade.

Korean Circulation J 2004:34(3):247-257



Table 4. Baseline and follow up echocardiographic measurements

TMP 0/1 (n=27) TMP 2 (n=19) TMP 3 (n=37) p

Baseline

LVESVI (mL/m?) 24+11 2112 21+ 9 0.436

LVEDVI (mL/m?) 45+16 50+20 45+14 0.608

LVEF (%) 47+ 9 50+ 8 51+ 8 0.056

LVRWMSI 1.65+£0.31 1.62+0.28 1.45+0.2278 0.050
9 Mo F/U

LVESVI (mL/m?) 29+17* 20+117 16£10* 0.003

LVEDVI (mL/m?) 55+421* 48+13 39+ 15+ 0.010

LVEF (%) 51+10 61£9%T 62+10** 0.000

LVRWMSI 1.45+0.30 1.27+0.20*" 1.23+0.26*" 0.004
Change

ALVESVI (mL/m?2) —4+13 4+7 5+6 0.000

ALVEDVI (mL/m?) -10+18 2+18 5+9 0.000

ALVEF (%) -4+ 8 -10£10 -10+8 0.010

ALVRWMSI 0.19+0.34 0.36+0.29 0.25+0.26 0.036

TMP: TIMI myocardial perfusion grade, 9 Mo F/U: 9-month follow up, LVEDVI: left ventricular end diastolic volume index,
LVEF: left ventricular ejection fraction, LVWMSI: left ventricular wall motion score index. *: p<0.05 for baseline vs. fol-
low up within each group, t: p<0.05 for TMP 0/1 vs. TMP 2, F: p<0.05 for TMP 0/1 vs. TMP 3, §: p<0.05 for TMP 2 vs.

TMP 3

WSl A3 0/17r¢] 2778(33%), 2] 19 g
(23%), 3w°] 3778 (45%) ©ISltt. °15 7 9] %
A B4 W P 20dZ A= Table 1, 29] qg}y_r
uRel o 7} o Alole] 2uiQl= Apol= Uit

NTURFES BEY RO U

Aol A BA) ~UERQlE F g =
[e)

9kS)tH(Table 3). Z18ut %‘rx}v__%ﬂ
w2 P FFengle TIMI AahT 0/10lA

3, 214 1.9+0.6, 3vllM 2.2+04%2 I+
L7t S5 FAA o R folahA w2 HEH 2
gg #vHFig. 1, p=0.000, rs=0.618 : 0/17*
¥ 275 0.031, 0/173 3+ ; p=0.000, 273} 37 ;
p=0.135).

TIMI M7 T2 Y 9N R 78 TE Al
Tis2t A< 2

HE ks A 3A 1296 AT AR A

]

(S

grgrom 9Ng 4 AxST Arks Fad 9£570
Yol A= 9]c). Table 49} Fig. 2= A&225H5 ol &
6}01 579 Uil Ak 9/iE T4 Ao A
o b EE HolFaL gk

W G S 494 FEEH A5
=%
=

AL Al R SJu|gliE AbelE gllod 9E 4
B2 A TIMI A ﬂ% 0/15-ol] Wl 27+ @ 3ol A
AR felepl 757184 A5t Agkom (23
p=0.007, 3% p= 0003) WA g} v wahd 32
Al TIMI A3 0/17-2 BAR 2 FosH

):

TE71EEH A7 S7FIAAL(p=0.002), A2

3o FASA O Z fFofstAl HH4xste] (p=0.000) Al
TRl foEh Aol HYla, A o84 A
T A Ui GA 2 2 Afolel] SJw]glE AlelE Kol
A gkskont 97i 2 3 Al TIMI A3 37
o] 0/1zell Hlsl SAA 02 fFofsiAl ol 284 A
F7F 29k (p=0.000), WA} vlwa] B TIMI

>

o A

N 0/17elA SAA R fesiAl 43
EARAR| 019}7]ﬂl%24 A7} 571832 (p=0.000), TIMI
AT 3T oAl 14ate] (p=0.010) Al 7t
of 2u]l= Apo l Hotk

A TEES U DA 2 T bl f2st fo]
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2
ml/m LVESVI

+:p<0.05

60 -

20

2
mL/m LVEDVI

# p<0.05

0 1 1
Baseline F/U

% LVRWMSI
2 [
60 -
1.5
40 - .
1F *
0r # p<0.05 0.5 - *: p<0.05
O | 1 O | 1
Baseline F/U Baseline F/U
—mmm e TMPO/1  mmmmmmmommmoooe- TMP 2 T™P 3

Fig. 2. The parameters of left ventricular function and remodeling at baseline and 9 months follow-up among TMP gro-
ups. A, B, C and D show that the changes of LVESVI, LVEDVI, LVEF and LVRWMSI between baseline and 9 months follow-
up respectively. TMP grade: TIMI myocardial perfusion grade, LVESVI: left ventricular end-systolic volume index,
LVEDVI: left ventricular end-diastolic volume index, LVEF: left ventricular ejection fraction, LVRWMSI: left ventricular

regional wall motion score index.
5 oA ¥gtont 97iE A WA A 0/13
of vlaf TIMI A3 233 3wellA] FelshAl 7%
o] 71°9 (27 p=0.000, 37 p=0.000), &3+ Y
Algh Blael = o) A 27 3wtellA ol &
7He Bol (21 p=0.021, 3 p=0.005) Al Tkl &
oJgk 2jolE Btk

FAaMEEl Ag= e A TIMI A28 3
ol 0/1 2ol wls) 2gkont 9/e 2 v

19 AT /1l vlsl 23} 3ollx] EA1A L
el gl A7E 29k o (2 p=
002, 3w p=0.004), W A1 vlars) = o A
B 0/120ll= 28 A ol jishr} glglovt
122G 207 3ol AR Egoel A7t gv)

>
2

2

i

~

| ZHebA] (27 p=0.009, 37 p=0.003) Al 77kl
)5k 2fol& w3t

do ¥ o
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AiFE & P9 ADdie AR FolsH
97iE FAEEA e 2 S5V 84A5Y #Mskr=
0.435, p=0.000), #A o|&7] 84 #|=2] WsH(r=
0.452, p=0.000), #3Hd 7E82] ¥skr=0.281, p=
0.010), 1213z AF/3#15=2] #3Hr=0.328, p=0.036)
o} #do] SlSlrh(Fig. 2).

[

TN s H MBY ARANZN NITF BRMH|
H

#4715 2 ARA cdSAREA ] TIMI A3
o} dFeln|g o] IAIE ROC curveZ o)galo] 14
sialeh 2l ol EeA] 2| e] ) ddE
=l H 7] E 2] best cut—off value (BCV) &= 1.70
Qar, TIMI AZBFAEE 13 2 Alo|Sit) oju) s
Wl HFon]g 9] oflE= 79.1%, 0|5 75.0%, area
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ALVEDVI ALVEF ALVRWMSI
1.00 — 1.00 1.00
80 80 80
Z
Z 60 60 .60
Z
3
40+ 40+ 40 -
20 20 20 -
0004 F F L P F L | o2 0.00
000 20 40 .60 .80 100 000 0.00
1-Specificity 1-Specificity 1-Specificity
T™P CFR T™P CFR T™P CFR
BCV 1/2 1.7 BCV 1/2 1.5 BCV 1/2 1.4
AUC 0.747 0.836 AUC 0.529 0.585 AUC 0.685 0.775
Sensitivity 79.1 79.1 Sensitivity 69.7 77.3 Sensitivity 73.0 86.5
Specificity 55.0 75.0 Specificity 353 47.1 Specificity 66.7 66.7

Fig. 3. The agreement between CFR/TMP grade and left ventricular function/remodeling assessed by receiver opera-
fing curve analysis. CFR: coronary flow reserve, TMP grade: TIMI myocardial perfusion grade, ALVEDVI: change of left
ventricular end-diastolic volume index, ALVEF: change of left ventricular ejection fraction, ALVRWMSI: change of left
ventricular regional wall motion score index, BCV: best cut-off value, AUC: area under ther curve.

under the curve (AUC)+= 0.836°]3127, TIMI 3%
O] e 79.1%, S01%i 55.0%, AUCK 0.747
olgitt #FAl TEES) A AHE AE FFHo
H]go] BCVE 1.5 93, TIMI A28FE 13 2 Ale]
o, oju] A5 AFu|H ] ANEE 77.3%, 5
O] 47.1%, AUCE 0.585 ©]3ar, ATdF4d w9
AN EE 69.7%, E)%= 35.3%, AUCE 0.529%th
st #Hple] Sl A S dRiE
Zul FReu|g o] BCVE 1.4, TIMI A28
17} 2 Afo]glom, ojuf] FEu HFeln]g] oyl
86.5%, E0)5= 66.7%, AUCE 077591, A=#+4
9] o= 73.0%, 5015 66.7%, AUC 0.685
ArH(Fig. 3).
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