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O Abstract O

Myocardial Reperfusion and Long-Term Change of Left Ventricular
Volume after Acute Anterior Wall Myocardial Infarction

Jeong Cheon Ahn, M.D., Wan Joo Shim, M.D., Seung Woon Rha, M.D.,
Sang Won Park, M.D., Gyo Seung Hwang, M.D., Woo Hyuk Song, M.D.,
Do Sun Lim, M.D., Chang Gyu Park, M.D., Young Hoon Kim, M.D.,
Dong Joo Oh, M.D., Young Moo Ro, M.D.

Department of Internal Medicine, School of Medicine, Korea University, Seoul, Korea

Backgroundl In acute myocardial infarction, left ventricular remodeling, which was influenced
by infarct size, location, and patency of infarct related artery(IRA), is a important prognostic factor
for chronic heart failure and survival. Recently, several reports suggested that patent IRA does not
always mean true myocardial reperfusion, and myocardial contrast echocardiography (MCE) may be
a useful tool for assessing infarct size and viability of infarcted myocardium. So, we investigated the
association between the degree of myocardial reperfusion assessed by MCE and long term change of
left ventricular volume in acute anterior wall myocardial infarction patients who had patent IRA.

Methods[] The study population was consisted of 17 patients with first acute anterior wall
myocardial infarction patients who had patent left anterior descending artery by thrombolytic therapy
or rescue PTCA. MCE was done immediately after coronary angiography within two weeks of
myocardial infarction onset and analyzed by semiquantitative method to get opacifi-cation index. For
analysis of left ventricular ejection fraction, wall motion abnormality and left ventricular volume,
echocardiogram was taken within 2 weeks of myocardial infarction onset and 9 months later in each
case. Wall motion abnormality was quantified as wall motion index.

According to serial changes of left ventricular volume, patients were divided into two groupsU
group 1(less than 10% increase of LV volume at follow-up compared to intial echocardiographic
exam) and group 2(more than 10% increase of left ventricular volume). We compared the
opacification index of infarcted myocardium, wall motion abnormality, and ejection fraction between
the two groups.

ResultsU] Initial left ventricular volume and ejection fraction were not different between group 1
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and group 2, but the opacification index was lower and initial wall motion index higher in group 2
than group 1.

Opacification index, wall motion index, ejection fraction and left ventricular volume were closely
correlated in the whole cases. By multivariate analysis, opacification index was the only significant
factor predicting left ventricular volume increment.

Conclusion] Myocardial reperfusion, which is closely correlated with ejection fraction and wall
motion abnormality, acts as a independent predictor of left ventricular dilatation after acute anterior
wall myocardial infarction. This result suggests that assessment of microvascular integrity with
myocardial contrast echocardiography may be a valuable indicator to predict long-term change of
left ventricular volume, although this is suggestive result in a limited number of patients.

KEY WORDSL! Acute anterior wall myocardial infarction - Myocardial contrast echocardiography
- Left ventricular remodeling.
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Table 1. Basal characteristics of patients

Total 17 patients

MaleO Female 120 5

Agel 60% 10 yrs

Infarct related arteryO left anterior descending artery

TIMI 20 TIMI 3 20 15(pre PTCA)
Single-vesseld Multi-vessel 130 4
Collateral grade 0O 1O 1O 111 11010203
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Fig. 1. Change of LV volume within and between gro-
ups.
LVVO end diastolic left ventricular volume
i0 inifial, fO follow up
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Table 2. Comparison of opacification index, ejection fraction, and wall motion index(mean+ SD)

ol* WMIi* WMIF* EFi(%) EFf(%)* LVVi(ml)
Group 1 0.85+ 0.09 0.99+ 0.43 0.56+ 0.34 54.8+ 11.7 58.7+ 5.83 89.8+ 14.6
Group 2 0.52+ 0.17 1.54% 0.39 1.54+ 0.39 43.1% 11.1 43.6x 8.6 102.6+ 30.8
Ol0 opacification index, WMIO wall motion index, LVVO left ventricular volume
EFO ejection fraction, i initial, fO follow up
*0 p<0.05 between group 1 and group 2
16 :
1.4 m
1.2
*k
1
0.8 WMIi EFi
WMIf EFf
0.6
0.4
0.2

Group Group
I I

Group

Group
I 1

Fig. 2. Change of EF and WMI in each group. pared t-test **0 p<0.05, *0 p=>0.05
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Fig. 3. Regression analysis between O.l and WMI in the whole patients.
WMIO Wall motion index, O.I0 Opacification index

Table 3. Correlation analysis between opacification index, initial and follow up left ventricular volume and eje-
ction fraction, and change of left ventricular volume

Ol EFi EFf LVVi LVVf LvVve
Ol * 0.60 0.87 * -0.80 -0.72
EFi 0.60 * 0.64 -0.5 —0.62 *
EFf 0.87 * * * -0.76 -0.81
WMIi -0.79 -0.80 -0.76 0.54 0.73 *
WMIf -0.83 —-0.64 —-0.83 * 0.78 0.66

*O statistically insignificant, LVVcO % change of left ventricular volume
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Fig. 4. % change of LV volume according to opacific-
ation index.
LVVC(%)D (LVVE-LVVI)/LVVi
dependent variables), 00000 O0O0(LVve)d
00000 (dependent variable) OO0 OO0O0O
O O (multivariate regression analysis)J 0 00O O
00 OOO00 0ooo oo oo booo oo
O0O00(@=0.0056), OOODOOOO OO OOO
O 0O0o0O0C Ob0O00 obbooo booo oo 1
00 2000 OO0OO OO 0obo oooob oo o
OO0 0000 000 0O000(@P=0.0002). Best
subset 0O0OOOOO OO OO0 OO OOOO
000 O0O0oooO 0 ooooo gooo ooo
000 00O OO0 OO0 0Ooooo Er, wMlio O
ooOoO 0obo oo ood.
i ot

—_

00 00 000 000 000 00000 00
0 0000 00 000 00000 000 00 0
00 00000 O 0000 00 000 000 O
0000 000 000 000 0000 0000
OO0 @emodeling)D OO, O OO0 OOO OO
000 ooo oo.

00 00000 0000 0000 000 00
00 000 00000 OO0 00 0000 000
000 000 00 0000 0000 0 00000
0 Mckey™® O Grossman™ 00 000 OO0 O

00 00 0O 000 000 00, 00000 00
(expansion)D 0 OO0OO OO OO0 (volume overl
oad) OO0 OO Anversa™ 00 00 00000
0000 0000 0OO0. 000 0000 0000
00000 000 0000000 oooo®™ oo
0 000 0000 000 0000 000 000
000000 000 000 000 000 0000
000 D000 0000 000'™. 000 0000
0O 0000 000 000 0000 000 000
000 00000 000 000 000 00000
0 000 0000 000 00 000 000 00
00 00000 0000 OO0 0000 00 00
0O 00 000 00 000 000 00°9.00 0
0 0000 0000 0000 0000 00000
0 0000 OO0 00D 0000 000 000 O
000 OO0 000 0000 oooY™ oo oo
00 00D 000000 00 000 00,0 00
0 00D0O0(Asynergy)J0 0000 00000 O
00%. 00D 00 00000 000000 00
000 000 D000 00 000 00000 O
00 0000™? g Oooo 00 00 0000 O
0 000 00 00 0000 000 000 000
00 0000 000 DO0000 000 000 O
00 DO0ODO00 0000 00000 000 OO0
000 000 PET scan, MRI, 00 00 0O0OO0
O(MCE)JD 000 00 OO0 00 00000 O
00 D00 00000 00O 000 DO(ir-
filled microbubble) OO OOO0O OOO, OOO
000 00D 0000 00 O 000 0000 O
000 000 00000 00 000 0000 O
0 000 000000 00 00000 00000
0000 000 0000 0000 00 oo,
00 O 00000 00000 OO0 0000 O
0 0000000 00 0000 000 00 00
000 000 0000 TIMI 30000 000 O
000 0000 00 00 OO0 0000 000 O
00000 00 0000 00 000 00000.
0 00000 000D 000 00 000 OO0
10%0000 000 10(n=10)0 10%00 000
20(n=7)00 OO0 0000 OO0 000 00000
000 000 D00 00000 0000 (p=0.28)

U 11430



0000 00000 000 0000 00 0000
0 000 000 0O0(10020=0.85+ 0.0900.52
+0.17, p<005) 000000 OO0 000 000
000 0O000 OO0 0O O 0D00. 00 000
000 00000 10%0 0000 00 00 00
0 00 OO0 0000 000 000 000 000
OO OO (interobserver variablity)D OO O 10%
0 0000 000 D000 00000 00 00
0O oooo.

00 0OD0 00000 000 00,000000
000 00, 000 000 00000 00 000
00 0D0O0O0(Fig. 4) 00 00 000 OO0 000
00000 000 O 000 000, 0000 00
00 000 000 000 OO0 0000 000 O
O (multivariate analysis) 0 00 OO0 OO, O
00 00,00 000 000,00 000 00 0
000 O 0O000 000 O 00 000 0000
000 O 0000 000 0000 000 000
0O0.00 00 000 0000 0000 000 O
0000 0000 000 000 00 o000 O
00 0000 00000 OO0 OO0 O 00000
00 0 000 00D 00000 00 00 000
000 000 0000 0O000.

Niels?® 00 00 OO0 000 000 00O O
00 00000 000 00 0000 000 00
0 0000 0000 0000 000 0000 O
0 D00 000 000 00000 r00 -03 O
0 00 00000 000 OO0 000 Pantaleo™
00 OO0 00 00 OO0 000 60000 OO0 O
00 OO0 00 000 000 0000 40% 000
00000 OO0 OO0 000 OO0 000 000
0 000 000000 DOO0O0O. 0 00000
00000000 OO0 000 00 0000 000
000 (EFi vs EFf, p=0.35, pared t—test)d 000
000 0000 00000 0000 000 000
00 000 000 0000 0 90000 0000
00 OO0 000 0000 0000 000 00
00 OO0 1000 2000 0000 OO0 000
00000 (Table 2 00). OO0 Table 300 OO
00 000 000 000 000(Lvve)D 00 O
00 000 DOO(EF)OO0 000 00000 O

goo oobo oooboodo oo oobo goobog
goo oobO oob ooo boob bobog
g0 0Oo0 ooobbo ooooob oo og
oo ooo boo 20000 0000 oog g
goo.

100 200000 00 0000 ooo ooobo
gooooo gooobo oobo ooo oog oodg
goo.0oob Oob oobo ooo ogobo 2oo0d
0 0ooo oooob oobo oobo oo ood
g0 obo 0 0obod oo 0o oobo oo oog
o ooo ooooboodg ooooobo ooo odg
oo 00 0ooo 00 OobO ooo o eubog d
0 ogo ooo ooo boo oobo o ogo g
o0 oog boood.

0 0oob oooboo ooo oo ooo oo
oo oob oob oob oo 000 ooo g
0 00 0000 00 00 0ooo Oobo goobog
goo oooobo oob 0o oo ooooo od
good 00O 0oobo Oooo oo 0o oo o
goodooo oo oobobo oobo oo obog
goodooo 0000 oooo ooob ooog
0o oo.

o0 ooo oob ooo ooo goo ogo
gooooog ooo gob oooo ooob od
000 400 20 O0O0O0O OO0 OO0 OO OoOo
goodo oog 40 0oooo oogoo od
0 00 ooboo ooodo. boo oo oo oog
goo oob bog oboo obo ooo od
00 00 00 00 000 0ooo obo goog
U ooo oooo oo oooo oo ooob og
0 000 obooob oo 0o ooo oo bog
goo 0O Oooog obooo booo ooo g
oo 00 0ooo oobo oob ooo ood
good oo oob boo ooo goo odg
ugoooobooobobbdb ooooo oog
goooo o ood.

(@] ok
7 =

M B2
00 00O OO O OO0 000 004 (remodeling)

U 1144 0



U000 dobdo oo ob bo obob oo o
obd booooob 0obdo 0O oo bobo
000 000 ODOobo0OOo obobobo oo oo
0 0Odbo obO 0oboo obo oo, oo oooo
00 0OobOdg Ooboo o0 ooo ooooo. oo
U 0d oobob ooo b ooo ooob oobo
00 000 000 Oobob Oobo bob obo
000 0o0.000 00O bobO oog ooog og
0 00bd OOb Oobobo 0o bo bobo
0 0000 00 0 0bdbo Oob bo ob oo
b obdbdo oo bobo ooboo oo o
0 00obO0bO Oobob obo boo obg oo
o0 gbd oob oodg boodgo god.

NERTER

ooooo oodb 00 0ob bobo oooo Q
0 0db 00 0ob 00buo oo Oob bo ooo
0 000 O0bOO0O 00 Ob 1700 OO0 Obo
U 0ooog oo 00 bg oo oob oobg
00 000 00 Oo0O0 bobo oooo boo o
00000 ooooo.ob 0oob oo b 200
0 0ob 0obob Oob 0ob obobo bobo
0o oooo ooog, o0 bob booo oo,
uod oobd, oboboo oo oo ooob bo
000 0Od eodno Ub UOb ooobob ooo
0 ood bobo oob oo, 000 goo oo
ao.

00 000 00 bObD obobo ooo go
0O 10%0000 00D00@AO, n=10)0 10% OO
00 000 O0@O0,n=7)00 OO0 OO OO O
b booood 0o Oobo obg oo,moo

ooo, 000 000 oobobo oob ooooo.

4 1

1) 000 OO00O0O0O OODOOD OO0 DO O
oooo TiMlI 2000 000 OO0 000 7imi
000 000 O0O0Od (collateral blood flow)O O
o0 oobo ooo ooo.

2) 00 000 100 0.85+ 0.09, 200 0.52+
0.170 1000 0O0ODOO OOO0OO0O(p<005), OO
000 000 0oboo Ooob Oooo oodo oo
00 OO0 0ODOO00 O0Ob booOo 100 58.7+
5.83%, 200 43.6+ 8.6%(p<0.05)0 OO0 OO

0 10% 00 000 2000 OO0 OO0 ooo
000 1000 oobo boob booo boo.

3) 00 000 00O OO0 OOO ooo oo
0 0000 00 0000 oobo oo 2000
Joon0o ooo 0ooOo Oooo ooo oo 2000
gooo ooo.

4) 00 00 0000 OO OO0 0o odgo
00 ooood ooo oo, boo oo, 00 o
0od odo oo, oob obo obod ogo
00 ooo oo goo.

5 00 00,0000 000 Oooo,ooood,
Joono oob OobO OO OobO Oobob O ooo o
O (multivariate analysis)I 00 OO0 OO0 OO
00 Ooobo 0O 0o oobob OO oobo oboo
odo ooooo.

z e

00 00 00 obooobo oo oo boodoo
god ood ooo ooo gooob, booo
0 otdood 0ooo ooo, ooo obo boao
0 000 ODooboO oooboboo oo oog o
00 Ooobo 00 oobo obo ooo ooo oo
00000000 0oob boooaa.

References

1) Hillis LD, Former S, Braunwald E : Risk stratification
before thrombolytic therapy in patients with acute myo-
cardial infarction. J Am Coll Cardiol 16 : 313-315, 1990

2) Gruppo Italiano per lo Studio Della Streptokinesi Nell’
Infarcto Micardico (GISSID) : ion. Lancet 11 : 397-401,
1986

3) Pfeffer MA, Braunwald E : Ventricular remodeling after
myocardial infarction : Experimental observations and
clinical implications. Circulation 81 : 1161-1172, 1990

4) Gaudron P, Eilles C, Ertl G, Kochsiek K : Compensatory
and non-compensatory left ventricular dilatation after
myocardial infarction : Time course, hemodynamic con-
sequences at rest and exercise. Am Heart J 123 : 377-
385, 1992

5) Fletcher PJ, Pfeffer IM, Pfeffer MA, Braunwald E : Left
ventricular diastolic pressure-volume relations in rats with
healed myocardial infarction. Circ Res 49 : 618-626,
1981

6) Jeremy RW, Allman KC, Bautovitch G, Harris PJ :
Patterns of left ventricular dilation during the six months
after myocardial infarction. J Am Coll Cardiol 13 : 304-

g 11450



7

8)

9)

10)

11

12)

13)

14)

310, 1989

Warren S, Royal H, Markis JE, Grossman W, McKay
R : Time course of left ventricular dilation after myocar-
dial infarction : Influence of infarct-related artery and
success of coronary thrombolysis. J Am Coll Cardiol 11 :
12-19, 1988

Shecroder R, Neuhaus KL, Linderer T, Bruggemann T,
Tebbe U, Wegschneider K : mpact of late coronary
artery reperfusion on left ventricular function one month
after myocardial infarction : Results from the ISAM study.
Am J Cardiol 64 : 878-884, 1989

Cigarroa RG, Lange RA, Hillis Ld : Prognosis after ac-
ute myocardial infarction in patients with and without
residual anterograde coronary blood flow. Am J Cardiol
64 : 155-160, 1989

Pantaleo G, Claudio M,Pier LT, Michele G, Ugo C,
Alessandro I, Pedro S, Marinella G, Riccardo C, Amerigo
G, Luigi T : Residual exertional ischemia and unfavoralble
lefi ventricular remodeling in patients with systolic dysf-
unction after anterior myocardial infarction. J Am Coll
Cardiol 25 : 1539-46, 1995

Ito H, Maruyama A, Iwakura K, Takiuchi S, Masuyama
T, Hori M, Higashino Y, Fujii K, Minamino T : Clinical
implications of the ‘no reflow’ phenomenon : A predictor
of complications and left ventricular remodeling in repe-
rfused anterior wall myocardial infarction. Circulation
93 :223-228, 1996

Mckay RG, Pfeffer MA, Pasternak RC, et al : Left ventr-
icular remodeling after myocardial infarction : a coron-
ary to infarct expansion. Circulation 74 © 693-702, 1986
Grossman W, Jones D, McLaurin LP : Wall stress and
patterns of hypertrophy in the human left ventricle. J
Clin Invest 56 © 56-64, 1905

Anversa P, Loud AV, Levicky V, Guideri G : Left vent-
ricular failure induced by myocardial infarction. 1. Myo-

U 1146 0O

15)

16)

17)

18)

19)

20)

21)

22)

cyte hypertrophy. Am J Physiol 1985 : 248 (Heart Circ
Physiol 17) : H876-82

Erlebacher JA, Weiss JL, Eaton LW, Kallman C, Weisf-
eldt ML, Bulkley BH : Late effects of acute infarct dilat-
ation on heart size > A two dimensional echocardiographic
study. Am J Cardiol 49 @ 1120-1126, 1982

Pfeffer MA, Braunwald E : Ventricular remodeling after
myocardial infarction : experimental observations and
clinical implications. Circulation 81 * 1161-1172, 1990
Mckay RG, Pfeffer MA, Pastermak RC, Marikis JE,
Come PC, Nakao S, Alderman JK, Ferguson JJ, Safian
RD, Grossman W : Left ventricular remodeling after
myocardial infarction : a corollary to infarct expansion.
Circulation 74 © 693-702, 1986

Erlebacher JA, Weiss JL, Weisfeldt ML, Bulkley MB :
Early dilation of the infarcted segment in acute transmural
myocardial infarction : role of infarct expansion in acute
ventricular enlargement. J Am Coll Cardiol 4 : 201-208,
1984

Hochman JS, Choo H : Limitation of myocardial infarct
expansion by reperfusion independent of myocardial sal-
vage. Circulation 75 : 299-306, 1987

Ito H, Yu H, Tomooka T, Masyuama T, Aburaua M,
Sakai N, Watada H, Hori M, Higashino Y, Fujii K, Mina-
mino T : Incidence and time course of left ventricular
dilation in the early convalescent stage of reperfused
anterior wall acute myocardial infarction. Am J Cardiol
73 ©539-543, 1994

Roval D, DeMaria AN, L’bbate A : Myocardial contrast
echo effect : the dilemma of coronary blood flow and vo-
lume. J Am Coll Cardiol 26 @ 12-17, 1995

Gadsboll N, Hoilund-Carlsen PF, Badsberg JH, Stage P,
Marving J, Lonborg-Jensen H : Late ventricular dilata-
tion in survivors of acute myocardial infarction. Am J
Cardiol 64 : 961-966, 1989



