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Patients with infarct expansion have
a poor prognosis and are more
likely to suffer complications such
as heart failure, aneurysms, and
myocardial rupture.

Thrombolysis in acute myocardial
infarction prevents early left
ventricular dilatation by attenuating
infarct expansion, mainly in anterior
infarcts.

The beneficial effect of thrombolysis
appears to be partly independent of
late vessel patency. Even brief
periods of reperfusion in the acute
phase, with later reocclusion, may
prevent infarct expansion and left
ventricular remodeling.
Echocardiography is the technique
of choice for routine assessment of
left ventricular size and function
after myocardial infarction.

REVIEW e

Detecting and
preventing
ventricular
remodeling after MI

] TACT: Infarct expansion carries a poor prognosis.
Echocardiography can identify this condition by identifying
distortion of the ventricular topography. In this review we
discuss the acute and long-term effects of thrombolysis on
infarct expansion and subsequent left ventricular remodeling
after acute myocardial infarction.

. uring the first hours of an acute myocardial infarction, the left
ventricle begins to undergo major architectural changes. If the
infarction is extensive enough, the ventricular wall begins to
thin and bulge outward in a process that can lead to increased
ventricular volume and decreased left ventricular pumping

function.

These findings, known as infarct expansion, carry a poor progno-
sis. Indeed, studies have now shown that infarct expansion is even
more accurate as a negative prognostic factor than decreased ejection
fraction. Moreover, the test for infarct expansion—echocardiogra-
phy—is far less expensive and invasive than angiography and hemo-
dynamic measurements. Remarkably, thrombolytic therapy appears to
prevent infarct expansion even if follow-up angiograms show that the
affected artery remains blocked. In this article, we review acute and
long-term effects of thrombolysis on left ventricular size and function
after myocardial infarction, and we argue for greater use of echocar-
diography to detect and assess these changes.

EARLY CHANGES: INFARCT EXPANSION

Hutchins and Bulkley! defined infarct expansion as acute dilatation
and thinning of the infarcted area that cannot be explained by addi-
tional necrosis. Histologic studies show that the thinning is probably
the result of myocyte elongation, which decreases their number in the
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MYOCARDIAL INFARCTION

OPOVIC AND THOMAS

An echocardiogram (

apical four-chamber view) shows remodeling of the left ventri-

e

cle (LV) in a patient after myocardial infarction. Note the expansion of the left ven-
tricle in relation to the right ventricle (RV), right atrium (RA), and left atrium (LA).
(Courtesy of Ellen Mayer Sabik, MD.)

Anterior
infarcts are
more likely to
lead to
ventricular
dilatation
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infarcted area.?3 The essence of expansion
was probably best described by McKay et al4
who considered it a form of intramural
myocardial rupture caused by the disruption of
myofibrils in the infarcted area.

Patients with infarct expansion are more
likely to suffer complications such as heart
failure, aneurysms, and myocardial rupture, an
extreme form of early expansion in which the
infarcted zone is so thin that it cannot main-
tain the integrity of the ventricular wall.5

Infarct expansion occurs most frequently
in large transmural infarcts,! usually in the
anterior apex because this part of the ventri-
cle is the thinnest and has the greatest cur-
vature,® and thinning and decreased curva-
ture lead to relatively stronger deforming
forces there than on other left ventricular
segments.” Elevated blood pressure increases
wall stress and predisposes to infarct expan-
sion. Up to half of anterior infarcts may
expand without therapy.

In clinical practice, expansion can be
detected by echocardiography, which reveals
elongation of the infarcted segment. The
electrocardiogram may suggest expansion by
persistent ST elevation in the infarct-related
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leads, while the chest radiograph shows car-
diomegaly.

# LATER CHANGES:
DILATATION, HYPERTROPHY

In the ensuing days and weeks, infarct expan-
sion leads to further changes in left ventricu-
lar geometry and function: global left ventric-
ular dilatation (involving both infarcted and
normal ventricular segments) and hypertro-
phy of normal segments. This process, which
may last for months, is known as left ventric-
ular remodeling (pGure 1).4.8

Theroux et al® showed in experiments in
dogs that dilatation is not confined to the
infarct zone, but affects normal segments of
the ventricle as well. Erlebacher et al? demon-
strated that repeated echocardiograms can
detect dilatation of normal segments in
patients with infarct expansion. McKay et al4
found left ventricular dilatation 2 weeks after
Q-wave infarctions, associated with decreased
end-diastolic pressure compared with the pres-
sure in the acute phase. The degree of left ven-
tricular dilatation directly correlated with the
size of akinetic or dyskinetic segments.

Acute left ventricular dilatation after
myocardial infarction can be viewed as a com-
pensatory mechanism, since according to the
Frank-Starling law it helps maintain the
stroke volume despite loss of contractile tis-
sue.10 However, it also increases systolic and
diastolic wall stress and stimulates further
dilatation. Moreover, increased wall stress
leads to myocyte stretching!! and stimulates
myocyte hypertrophy,!2 which may decrease
wall stress and attenuate left ventricular
dilatation. Of note, hypertrophy of normal
segments in experimental rats occurs early,
within 3 days of a myocardial infarction!l;
however, the magnitude of these changes in
humans is not defined yet.

THROMBOLYSIS AND REPERFUSION
PREVENT INFARCT EXPANSION

Short-term findings
Jeremy et al,13 in a study of patients who did
not receive thrombolytic therapy, found less
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FIGURE 2

How early
reperfusion may
prevent infarct
- expansion

nterior apical infarct

_~"Plane of cross section

EARLY REPERFUSION may spare the subepicardium
and border zone from necrosis. Even if the infarct-
related artery later becomes reoccluded, brief periods
of reperfusion may “precondition” the myocardium
and limit the ultimate infarction.

LATE REPERFUSION may preserve the epicardial rim
and spare some of the border zone from necrosis.

NO REPERFUSION leads to a transmural infarct.

INFARCT EXPANSION, with regional dilatation and
thinning, can continue over time, leading to dilatation
of the entire left ventricle and hypertrophy of normal
segments.

Adapted from Topol, reference 23; with permission from W.B. Saunders.
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THROMBOLYSIS AND ARTERY PATENCY PREVENTED
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ventricular dilatation at 1 month in patients
with patent infarct-related arteries than with
occluded arteries. The same group!4 also
showed that left ventricular dilatation may
continue over 6 months.

The GISSI study (Gruppo Italiano per lo
studio della streptochinasi nell’infarto miocardi-
c0)15 showed that end-diastolic and end-sys-
tolic volumes at discharge and at 6 months
were smaller in patients given thrombolytic
therapy than without thrombolytic therapy.
Lavie et all6 demonstrated that thrombolysis-
induced reperfusion was associated with less
ventricular dilatation 6 weeks after infarction.
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Sheehan et all? reported that thrombolysis
improves left ventricular function within days
after infarction.

In a 6-week study,!8 we demonstrated
that thrombolytic therapy prevents left ven-
tricular dilatation in the earliest phase of
infarction; the beneficial effect of thrombol-
ysis was detectable within hours after infarc-
tion. Further, thrombolysis was beneficial
even if the infarct-related vessel was not
patent on follow-up angiography (performed
at a mean of 26 days) (rmeure 2). Dilatation
was least in patients who received throm-
bolytic therapy and who had a patent infarct-
related artery, whereas it was greatest in
patients who did not receive thrombolytic
therapy and whose arteries remained occlud-
ed (FIGURE 3).

Of interest, patients who received throm-
bolytic therapy but still had an occluded
artery had less left ventricular dilatation than
did patients who did not receive thrombolysis
but who had a patent artery. A possible expla-
nation is that even brief periods of thrombol-
ysis-induced reperfusion during the acute
phase may prevent infarct expansion and sub-
sequent left ventricular dilatation.

A two-stage regression model that we
developed for temporal analysis of ventricular
volumes indicates that thrombolytic therapy
and vessel patency may have independent and
complementary effects: thrombolysis primari-
ly affected ventricular size early on, and early
patency was primarily predictive of subse-
quent changes. Additionally, we found that
after 6 weeks, ventricular dilatation occurred
mostly in patients with anterior infarctions
(rGure 4). On the basis of these results, we
hypothesize that thrombolysis prevents or
reduces infarct expansion in the acute phase
of myocardial infarction.

Long-term findings

In a longer study in patients with anterior
infarctions,!9 we performed serial echocardio-
graphic studies from the onset of infarction up
to 1 year, measuring the perimeter of the
infarcted segment and the left ventricular vol-
ume index (ie, the left ventricular volume
divided by the body surface area).
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We found that thrombolysis led to a pro-
gressive decrease of the infarct perimeter,
starting as early as 2 days after infarction and
continuing over the subsequent year (FIGURE 5).
This infarct regression cannot be related to
recovery from myocardial “stunning.”
Although stunned myocardium usually starts
to recover several days after successful reperfu-
sion, the process does not continue for so long
as this yearlong infarct regression. Rather,
infarct regression is a consequence of contrac-
tion of scar tissue, leading to a decrease in the
infarcted segment.

Logistic regression analysis showed that
thrombolysis was the major negative predic-
tor of infarct expansion, more important
than infarct size and late vessel patency.
During 1-year follow-up, left ventricular vol-
ume continued to increase significantly in
patients who had evidence of infarct expan-
sion early on (mGure 6). In patients without
infarct expansion, there was a mild increase
in the left ventricular end-diastolic volume
index, whereas end-systolic volume did not
increase over 1 year. Further, both the end-
diastolic and the end-systolic volume index-
es were higher in patients with infarct expan-
sion from the beginning of the study through
1 year than in patients without infarct
expansion (FIGURE 6).

HOW DOES THROMBOLYSIS
PREVENT EXPANSION?

Sparing the myocardium

The proposed mechanism by which infarct-
related artery reperfusion may prevent infarct
expansion is shown in rGure 2. Reperfusion
prevents transmural infarction, and the rim of
viable subepicardial myocardium prevents
elongation and thinning of the infarcted seg-
ment (ie, expansion).

“Preconditioning” the myocardium

Although the goal of thrombolytic therapy is
to open the occluded infarct-related artery, it
appears that thrombolysis is still beneficial (to
a lesser extent) in patients whose blocked
vessels initially reopened but reoccluded later.
It has been suggested that angina preceding
the infarction can “precondition” the
myocardium and result in smaller infarcts?0
and better prognosis.2! Although the underly-
ing mechanism for the beneficial effect of
thrombolysis in patients with reocclusion
remains to be determined, a hypothesis is that
single or several episodes of reperfusion early
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after acute myocardial infarction may also
precondition the jeopardized myocardium.
Therefore, the ultimate occlusion of the ves-
sel may cause smaller infarcts and less ven-
tricular dilatation.
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to assess left ventricular function after the
intervention, it now seems clear that serial
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patients require more aggressive management
. . — both during the acute phase and after hospital
discharge. For example, the early use of

CLINICAL IMPLICATIONS nitrate therapy followed by afterload reduc-
tion by angiotensin-converting enzyme

The studies reviewed above indicate that the  inhibitors may prevent expansion and

left ventricular end-systolic volume index is  improve survival. m
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