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Early and Rapid Prediction of Patency of the Infarct-Related
Coronary Artery by Using Left Ventricular Wall Thickness as
Measured by Two-Dimensional Ec..ocardiography
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Objectives. The alm of this stady was to deternsine whetber
5 " b

graphy cam n coroRary
ecelusion and reperfusion.

Backgronnd. There are no adequate clinical or soninvasive
laboratory markers to accurately predict successful reperfusion in
an acute myocardiat infarction.

Methods. In a closed chest swine model, the efect of reperfu-
shon on myocardill wall thickness was studied by comparing &
150-min total coronary artery occtusion (group 1) with 120 min of
occlusion followed by 30 min of reperfusion (group 2) in the area
of risk as by Wall was
measured at baseline and at 99 aad 158 min.

Results. In group 1 (» = 4), there was no appreciable change in
mean wall thickness from 90 min to 150 min of eeclusion st either

end-diastole or end-systole (0.54 = 0.02 to 0,52 x 0.03 cm, 0.55 &
0.03 to 0.54 = 0.03 con, respectively; p = NS). In contrast, in
group 2 (n = 6), an inerease in mean wall thickness from 0.53 =
0.02 to 0.97  C.05 cn at end-diastole sad from 0.56 = 0.0¢ fe
1.04 £ 0.07 cm at end-systole was found from 90 min of occlusion
to 30 min of reperfusion (p < 0.001). Reperfusion resulted In an
increase in wall thickmess of 83 = 11% at end-diastole and 92 +
17% at end-systole. In comtrast, persistent occlusion
skowed minimal chamges of —3.0 = 5% at end-diastole and
~2.0 % 6% at end-systole.

Conclusions. This study confirms the hypothesls that an in-
crease in wall between reper-
fasion and permament covomsry occlusion,

(I Am Coll Cardiol 1992:1599-603)

Large scale clinical trials have demonstrated a significant
reduction in mortality in patients with acute myocardial
infarction treated with thrombolytic agents {1-3). Mortality
is particularly low among patients treated within 3 h of the
onset of symptoms (1,2), Several studies have shown that
patency of the infarct-related artery was the most imp

thrombolytic therapy have been used to detect reperfusion
(12). However, the delay of 4 to 8 h in detecting the peak
precludes its use for determining the need for acute reperfu-
sion (13).

Recent studies have sirown that the MM, isoform of CK,

predictor of late survivel (4,5). Unfortunately, thrombolytic
agents fail to restore myocardial flow in 30% to 40% of
patients (6-9), Acute or “‘salvage™ percutaneous coronary
angioplasty has been shown to be effective in achieving rapid
patency of the infarct-related vessel (10). Hi . to

which is d to MM, and MM, is markedly elevated
within 15 to 30 min of successful reperfusion. The assay for
detecting this isoform, however, requires =90 min (14). In
addition. although newer radioi such as ibi
can detect evidence of reperfusion, the methodology is time

determine which patients require invesive therapy. it is
necessary to rapidly determine whether patency was
achieved with a thromboiytic agent,

Clinical markers for ful fusion, such as rapid
resolution of symptoms, normalization of ST segment eleva-
tion, and reperfusion arrhythmias, have not proved to be
cither sensitive or specific (11). Early washout and time to
peak of total creatine kinase {CK) or MB fraction of CK after

and cumb as.

Two-dimensional echucnrdicgraphy is a very sensitive
noninvasive melhod for G.iecuing areas of ischemia and
infarction. Experimental data have shown that the develop-
ment of asynergy and the loss of sy«talic thickening are
among the first manifostations of ischemia (16). These ob-
servations have been used to diagnose acute myocardial
infarction in the emergency room setting {17). However,
their role in detecting reperfusion has been limited. Indeed,
it has been shown in an open chest dog model that despite
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asynergy and loss of systolic thickening persist,
consistent with the concept of myocardial stunning (I8). Yet
the ease and ability with which echocardiography can be
performed would make it an ideal test to detect acute
reperfusion. Therefore, we used a closed chest swine model
to ine whether my ial wall chick couid dis-

0735-1097/52/55,00



1600 FRIEDMAN ET AL.

JACC ¥ol. 20, No. 7

PREDICTING REPERFUSION WITH TWO- INAL ECI
tinguish b p coronary and reperfu-
sion.

Methods

December 1992:1599-603

images were performed at baseline (before occlusion) and
repeated at 90 min and at 150 min after baseline (or after
30 min of reperfusion for the transient occlusion group). All
images were recorded on videotape.

All measurements were obtained in the area of the

Surgical prulocol. Sixicen male pigs
for age and weight were randomly nsﬁugned either to perma—
nent occlusion (group 1) or to a 2h

as defined by a region of asynergy subtended by
the leR antcrior descending artery. Utilizing the On-Line
fit of the HP Sonos 500, wall thickness was measured

followed by 30 min of reperfusion (group 2). The study was
approved by the Institutional Animal Care and Use Commit-
tee of the Long Island Jewish Medical Center. The animals
were aneulheuzed wnh an initial intramuscular injection of
d by a i infusion of morphine
sulfate and vecuronium. The pigs were intubated and at-
tached to a Harvard pump respirator using room air. Under
sterile technique, the right carotid artery and jugular vein
were isolated. An 8F introducer was inserted into the carotid
artery and a SF Swan-Genz catheter was msened into the
Jjugular vein for i of ary capﬂ-
lary wedge p Conti
(ECG) monitoring was carried out with R2 deﬁbnllnlor
electrodes applied to the chest wall and attached to a
Hewlett-Packard defibrillator.

Corcaary angiography. Coronary angiography was per-
formed with an 8F Amplatz guiding catheter, After the left
anterior descending coronary artery was visualized, the
animals were random| d to either ient or per-
manent occlusion. Transient occlusion was carried out by
negotiating an ACS ACX angioplasty catheter down the left
anterior descending artery just distal to the first large diag-
onal branch. Once in position, it was inflated. Repeat con-
trast injection was performed to verify total occlusion. After
120 min of occlusion, the balloon was deflated and removed.
Palency of the vessel was verified by repeat angiography.

was lished by passing a
deluhnbh silicon balloon (Interventional Therapeutics)
down the left anterior descending artery; once positioned at
the level just distal to the first large diagonal branch, the
balloon was inflated and detached. Repeat contrast injection
was performed to verify the maintenance of a complete

hout the p 1. All animals

at end-diastole and end-systole in cm. End-diastole was
dJefined as the frame thal coincided with the onset of the QRS
complex, End-systole was defined as the frame that had the
smallcst cavity area.

The percent change in wall thickness from 90 to 150 min
after occlusion was calculated as percent change = (Wall
thickness at 150 min — Wall thickness at 90 min)/Wall
thickness at 90 min x 100. Systolic thickening at baseline
and at 90 and 150 min after occlusion was expressed as the
percent change in wall thickness from end-diastole to end-
systole.

All studies were analyzed in blinded fashion by an inde-
pendent observer. A study was included in the final analysis
only if the endocardial and epicardial borders wera clearly
delineated by the observer.

Statistics, Data were analyzed by using the Student
paired ¢ test and analysis of variance for repcated measures
where appropriate. All data are reporied as the mean value
#+ 1 SEM. The null hypothesis was rejected at a level of 0.05.

Results

Study groups. Of the 6 randomized pigs, 6 were ex-
cluded: 1 pig because of refractory ventricular fibrillation
and 5 pigs because of poor image quality. A total of 10
pigs—4 in group | and 6 in group 2—were inchuded in the final
analysis. All 10 of these pigs developed acute ST segment
elevation immediately after occlusion of the lkeft anterior
descending artery. Ventricular fibrillation developed within
20 min of the occlusion in all pigs in the permanent occlusion
group and in four ¢f the six pigs in the transient occlusion
g'ollp (p = NS). Del;brillation wae sugcessful in all animals.

bolus dose of 5, 000 Uof hepnnn before occlusi

o, (1able 1). Mean arterial pressure, mean

Hemodynamics. Hemodynamic monitoring was per-
formed by using a Statham transducer at baseline and every
30 min until the end of the protocol. Cuntinuou.s ECG

y capillary wedge pressure and heart rate were

similar in both groups throughout the protocal.
Echocardiography. Baseline regional wall motion of the

Ieft ventricle was normal in both groups. Immediately after

moniloring fnrr Sl' segment el and arrhy was iusion of the Icft anterior descending artery, an area of
the 1 ). In swine that d d  asynerpy subtended by tlns arlery was observed in all pigs.
ventricular fibrillation, defibrillation was performed at an  This at tity the 150 min and

energy level of 200 J. Any pig requiring more than three
defibrillations was excluded from the final analysis.
Two-dimeasional echocardiography. Two-dimensional
echocardiography was performed utilizing a Hewlett-
Packard Sonos 500 with either a 3.5 or 5§ MHz transducer.
With the pig in the supine posmon, short-axis i images from
the right and left were ot d of the

120 min of occlusion in group 1 and group 2, respectively.
There was no improvement in wall motion after 30 min of
reperfusion in group 2.

Figure 1 shows the changes in wall thickness in the infarct
arca for each animal. Wall thickness in diastole was similar
at baseline and at 90 min in both groups. After coronary

left ventricie at the level of the midpapillary muscles. These

lusion, systolic wall thickness decreased significantly in
all animals in both groups. In the permanent occlusion



JACC Vol. 20, No. 7

December 1992:1599-601 PREDICTING

FRIEDMAN ET AL.
WITH TWC ECHOKC “" IWl

group, no significant change occurred from 90 to 150 min in
either diastole or systole (Fig. 1. A and B). In contrast, in
group 2, reperfusion was followed by a significant increase in

‘Table 1. Hemodynamic Data for the 10 Study Pigs

Baseline 90 Minutes 150 Mimites
Mean Arterial Pressure ymn Hygy
Group !
] )] 1% ]
2 183 m 157
3 65 105 116
4 ™ 100 106
Mean %0 135 2§
SEM ) 2.4 It
Group 2
] 109 % L4
2 ue 27 nr
3 7 8 0
4 5 1 07
s % [H] [[¢
6 n 8 123
Mean 8 106 in
SEM 35 7.1 53
Mean Pulmonary Capillary Wedge Pressure (mm Hg)
Group |
1 & 12 10
2 0 8 7
3 4 1 12
4 4 11} 9
Mean 6 0 11
SEM 14 0.9 Lo
Group 2
1 1] X E
2 1) 7 [}
3 8 ” 1]
4 5 12 [
5 6 i 15
L] 3 3 L]
Mean 9 n 7
SEM 16 10 21
Mean Heart Rale (beats/min)
Group |
1 7% [ k]
2 1] ™ n
3 w 110 1o
4 10 9% 9%
Mean ] % B
SEM 17 78 86
Croup 2
1 1 2 150
2 108 ] "
3 % 80 L
4 104 130 10
5 % 8 L]
6 100 52 9%
Mean o] 8 1"
SEM 93 1.4 u2

thickness both in diastole and systole (Fig. 1, Cand D.p <
0.001).

There was a clear separation in the mean percent change
in wall thickness from %0 to 150 min between groups 1 and 2
1Fig. 2). Al end-diastole, wall thi in group 2 i
by 83 = 11% compared with —3.0 = 5% in group | (p =
0.001). Similurly. the mean percent change in wall thickness
from 90 to 150 min was 92 = 17% compared with —2.0 = 6%
at end-systole for group 2 and group 1, respectively (p <
0.001).

There was no significant difference between the groups at
any lime with regard to overall systolic thickening (Fig. 3).
As cxpecled, there was complete loss of systolic thickening
al 90 min of occlusion for both group 1 and aroup 2 (2.0 =
3.1% and 2.0 * 4.0%. respectively. p = NS). This loss of
systolic thickening persisted in group | at 150 min of
occlusion. Similarly, in group 2, no improvement was seen
after 30 min of reperfusien (3 * 2.6% and 7 = 2.5%,
respectively, p = NS).

Discussion

The present studv demonstrates that reperfusion causes
an increase in myocardlal wall thickness in the area of risk as
by phy. This i was consis-
tently seen 30 min aftes reperfusion. In contrast, no appre-
ciable change in wall thickness was noted in the group with
permanent occlusion. Indeed, the persistence of thinning in
this group d with the i in wall thick
after reperfusion results in a clear separation between the
two groups (Fig. 2). Not unexpectedly, other measures
including wall motion did not discriminate between the two
groups. To datz thisis un: first study to cnmpare the effects
of rep and p coronasy on walt
thickness.

Mechanism of increased myocardial wall thickaess. Sev-
eral mechanisms have been proposed to explain the in-
creased wall thickness after reperfusion. Gaasch and Ber-
nard (19), and Heyndrickx et al. (16) described a transient
increase in end-diastolic wall thickness early after short
periods of reperfusion in the dog. The time course of this
phenomenon paralleled the reactive hyperemic response.
However, these transient hyperemic responses cannot ex-
plain the increased wall thickness after mpermsmn with
longer periods of jons when the hyp is
absent or minimal (20).

Another mechamsm l.hal may | be xespousible for an in-
crease in wall th dium is myo-
cardial cell swelling. Ina study of dogs expoud to prolonged
ischemia, Whalen et al. {21) noted a sudden and explosive
swelling of the myocardium on reperfusion. Much of this
swelling occurred within 2 min of reperfusion and was
associated with a marked increase in intramyocardial sodium
and water in the reperfused tissue. Such swelling has been

P

*p < 0.05 compared with baseline value. ¥p < 0.05 compared with value
5t 90 miautes. Group | = pigs with permaneat ocelusion: Group 2 = pigs with
2h of occlusion followed by 30 min of reperfusion,

lated to be due to the loss of the myocardial celf’s
capacity to regulate cell volume.
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Figure 1. Change in wall thickness (in cm) from baseline 1o
150 min in the zone of infarction in systole and diastole for
both group 1 (permanent occlusion, n = 4) and group 2 (2 hof
occlusion + 30 min of reperfusion, n = 6). Mean values = |
SEM are shown at the right of each penel.
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The role of microvascular damage has also been impli-
cated in the genesis of myocardial ccll swellmg Kloner ctal.

Relafion between increased wall thickness and viability.
The relation an i in wall thick and

(22) noted a marked archi caused
primarily by massive myocardial swelling in the canine
myocardium. The swelling was characterized by swollen
mitochondria and i lul and by an i
scparation of myofibrils. In addition, severe capillary dam-
age resulting in large gaps in the capillary endothelium,
interstitial fibrin deposits and extravascular red blood cells
were noted. Microvascular damage, when severe, may lead
toa marked myocardial hemorrhage. Reperfusmn after2 h of
b 'mplgus iated with gross

hemorrhage that is localized within 1he boundaries of the
infarct (23). Such hemorrhage may contribute to an increase
in wall thickness.

Figore 2. Percent change in mean wall thickness from %0 to 150 min
in the zone of infarction in systole and diastole for group 1
(permanent occlusion [triangles], n = 4) and group 2 (2 h of
occlusion + 30 min of reperfusicn [circles], n = 6). Mean values =
1 SEM are shown.
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dial viability remains unclear. Haendchen et al. (18)

used two-dimensional echocardiography in dogs to show a
marked increase in wall thickness of reperfused myocardium
after 60 or 180 mm of coronary occlusion. The extent of
as d by ium staining,

correlaied with the degree of iacrease in wall thickness
obscrved after reperfusion. They concluded that the in-
creased regional end-diastolic wall thickness after reperfu-
sion may be an index of imeversibly damaged myocardium.

Figore 3. Percent systolic thickening in the zone of infarction from
baseline to 150 min for group 1 (permanent occlusion {circkes], n =
4) and group 2 (2 h of occlusion + 30 min of reperfusion [squares],
n = 6). Mean values + 1 SEM are shown.
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No comparison group of permanent occlusion was studied.
‘This conclusion, however, contrasts with the observations
made by Murphy et al. (24). While studying the time course
of myocardial damage in the pig. lhey found an increase in
end-diastolic wall thick of yocardium after
30 and 120 min of coronary occlusion. However, they did not
attempt to correlate the changes in wall thickness with
infarct size. Miyazaki et al. (23), using a similar model, found
that 30 min of coronary occlusion results in only a smaii
amount {11 * 7%) of tissue necrosis in the risk area whereas
120 min of coronary occlusicn results in near complete (96 =
29%) necrosis of the risk area (22). Thus, an mn:rease in wall
thlckness aﬁer reperfuslon may not
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Timitations exist in the present study. The exact duplication
of anatomically defined shorl-axis planes may be difficult.
However, we were careful to always use the original planes
at the midpapillary muscle level. In addition, time interval to
reperfusion was 2 h in our experimental model whereas this
interval is variable in the clinical setting. Reperfusion after
2 h of occlusion in the pig results in near complete necrosis
of the myocardium at ritk. Thus, this fiding should be

applicable in patients with delayed r:perfusmn in whom only
small of myocardium are

Reperl'us.nn was achieved in a sudden manner in our
model whereas reflow may be achieved more slowly in the
clinical setting. Also. in contrast to our pig model, up to IO%
to 20%% of patients with coronary disease before i

Infarction (TIMI) irial.
N Eng! J Med I%SJI"”ZPG.
Topot EJ. Califf RM. George BS, et al. A nndnmzui lml of immediate
versus ddly:d clective
activator in actite myocandial ml‘:n:mn N EnglJ Mui 1987:317:581-8.
10. Fung AY. Lal" Topo!El aal Valneofpemmmsmmlunml

corgnary
apy ia acute myml'ﬂli lnfamml Am J Cardiol 1986:58:636-91.

. Cahitl RM. O"Ned W, Stack RS, et al. Failure of simple clinical measure-
ments to predict perfusion statas after intravenous trombolysis. Am
Intern Med 1938:108:658-62.

12. Gore JM, Roberts R, Ball S, el al, Peak creatine Kinase as a measare of

effectiveness of throm3. ‘ytic therapy in acute myocardial infarction. Am
J Cardiol 1987:59:124-8.

13. Roberts R. lcperﬂlsnnmliﬂ\e ma isoforms of crealine kinase

isoenzymes: a clinical perspeciive. 1 Am Coll Cardiol 1987:9:464-6.

I4. Garabedian HD, Gold HK, Yasuda T, et al. Deiection of coronary astery

reperfusion with creatine kinase-MB determinations during thrembolytic

bd

have good collateral flow (25). Although the namre of
reperfusion in humans may be dissimilar from that in our
experimenlal model, previous studies (16,19) have shown
that the increase in wall thickness does not result from a
transient increase in blood volume. in

therapy: with acute 1 Am Colt Candiol 1988:11:
934
Ii.le.GruuvﬂdAM.lhnyS,mmm‘ Effect of
coronary occlusion and myocandial vi on myocandial activily of
techoetium-39m-sestamibi. J Nucl Med I‘DI.‘ﬂ 202-8.
16. Heyndrickx GR, Baig H, Nellens P, Leasen 1, Fishbein MC, Vatner SF.
Depression of regiosal blood flow and walt ihickening after brief coronary

wall thickness persists beyond the reactive hyperemnc time
period (15,16). Factors other than blood flow such as myo-
cardial cell swelling and microvascular damage may be the
principal causes of an increase in wall thickness (21,22).
Conelusions. Despite the increasing use of thrombolytic
agents in patients with acute myocardial infarction, nonin-
vasive identification of reperfusion has remnined a signifi-

cant chall Our study confi the hypothesis that an
i in wall thick can ly distinguish be-
tween fusion and i coronary Fur-

ther studies in humans will be required to confirm whether
two-dimensional echocardiography can be used to noninva-
sively predict patency of the infarct-related artery.
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lusions. Am J Physiol 1978:234(supp! 6-HG53-4,
17 Pe:ls CH Visser CA, anﬁl:'nm .u. et al. Uselh!us of two

detection
ischemia in the emergeucy room. Am J Cardiol m,um-m
18. Haendchen RV, Col(hy E, Torres M. Increased regional end-dastalic
wall thickness early after reperfusion: a sign of irreversibly damaged
rayocardium. J Am Coll Caldnl 1984:3:1444-53.
. Gus:hWH BMSA mdhud:ﬂudunpllmurybhﬂ

sludy Cntulamm 1977:56:593-3.
20, Gansch WH, Bing OHL. Pinc MB, et al. Myocardial contracture durisg
%mlmﬂ'l ischemic arrest and reperfusion. Am J Physiol 1978:235:H619-

21. Whalen DA Jr, Hamikon DG, Ganate CE, Jennings RB. Efficct of 2
transient period of ischemia on myocandial cells. I. Effects on cell volume
regulation. Am J Pathol 1974;74:381-97,

22. Kloner RA, Ganote CE, Jeanings RB. The ““no-rellsw™ phenomenom
lﬁtrl;:mmmlnmmlhedu 1 Clin Imu‘tlm‘l
1496~

. hyn.'u S. Fu,lm H, Omdﬁl'l' o al. Quantitative analysis of

References
1 St Nell' i
(GISSI). i ie therapy in acnle
myocardial infarction. anel Im.l 397-401.
2. AIMS roup. Effect APSAC ity after

necrasis after ischemia and reperfusioa
in the porcine I'nn Circulation lm 75:1074-82.

24, Murphy M. Chun FP, Kane IJ, Straub KD. Ventricular performance and
biochemical alteration of regional ischemic myocardiom after reperfusion
in the pig. Am J Cardiol 1962:50:821-8.

25, Stadius ML, Maynard C, Fritz JK, et al. Coronary anatomy and kfl
ventricular funetion in the first 12 hours of acute myocardial infarction:
the Westcrn Washington randomized intracoronary streptokinase triak.
Circulation 1985:72:292-301.





