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Abstract

Myocardial infarction has traditionally been divided into ST elevation or non-ST elevation myocardial infarction; however,
therapies are similar between the two, and the overall management of acute myocardial infarction can be reviewed for simplicity.
Acute myocardial infarction remains a leading cause of morbidity and mortality worldwide, despite substantial improvements in
prognosis over the past decade. Progress is a result of several major trends, including improvements in risk stratification, more
widespread use of an invasive strategy, implementation of care delivery systems prioritising immediate revascularisation through
percutaneous coronary intervention (or fibrinolysis), advances in antiplatelet agents and anticoagulants, and greater use of secondary
prevention strategies such as statins. Heart failure secondary to myocardial infarction (MI) remains a major source of morbidity and
mortality. Long-term outcome after Ml can largely be defined in terms of its impact on the size and shape of the left ventricle (i.e.
LV remodeling). Three major mechanisms contribute to LV remodeling: (1) early infarct expansion, (2) subsequent infarct extension
into adjacent non infarcted myocardium and (3) late hypertrophy in the remote LV. Future developments in preventing post-MI
heart failure will depend not only on identifying drugs targeting each of these individual mechanisms, but also on diagnostic
techniques capable of assessing efficacy against each mechanism.
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1. Introduction

Pfeffer et al. firstly described term ‘LV remodeling
‘in the 1980’s to describe progressive LV dilation and
impairment of cardiac function following chronic coronary
artery occlusion [1]. The term has since been applied to all
LV morphological change in both health and disease [2].
Remodeling results from chronic alterations in hemodynamic
loading conditions and is characterized by geometric and
structural changes. This results in altered myocardial
architecture and LV chamber configuration with a subsequent
impact upon function [3]. It is now clear that overarching
pathological or physiological environment determines nature
in which LV remodels and there is general acceptance for a
system of classification. With very few exceptions,
development of concentric geometry/hypertrophy can be
attributed to increased cardiomyocyte thickness in response
to systolic pressure overload, whereas eccentric
geometry/hypertrophy is caused by myocyte lengthening as
an adaptation to volume overload [4] Classification of LV
remodeling is dependent on the measurement of a number of
parameters, namely LV mass, LV volume and relative wall of
LV wall thickness to chamber radius. The development of LV
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hypertrophy (i.e. increased LV mass) has important
implications in evolution of pathological LV remodeling [3].

2. Left wventricular remodeling following acute
myocardial infarction
2.1. Phases of Post-infarction Remodeling

Post-infarction remodeling has been arbitrarily
divided into an early phase (within 72 hours) and a late phase
(beyond 72 hours). The early phase involves expansion of the
infarct zone, which may result in early ventricular rupture or
aneurysm formation. Late remodeling involves the LV
globally and is associated with time-dependent dilatation,
mural hypertrophy, and distortion of ventricular shape [5].

I. Infarct zone expansion

This process is defined as “acute dilatation and
thinning of the area of infarction not explained by additional
myocardial necrosis” [6].This thinning is a consequence of
lateral side to side slipping of myocytes past one another in
the transverse plane (due to dissolution of the collagen struts)
resulting in reduction in the number of myocytes across the
infracted region [7]. Infarct extension, by contrast, is defined
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as an increase in the size of the noncontractile region in the
sitting of a continuing ischemic insult [8]. Thus, the clinical
diagnosis  of infarct expansion is made with
echocardiographic determination of infarct lengthening
without enzyme evidence of further myocardial necrosis [9].
Expansion of the endocardial segment occurs as early as 10
minutes after coronary occlusion and progress within the next
1 to 2 weeks [10]. Excessive infarct expansion can lead to HF,
LV aneurysm formation or early cardiac rupture [8]. Early
rupture is caused by extremeinfarct expansion in which the
expanded region is so thin that it is not capable of maintaining
the integrity of the ventricular wall before complet scar
formation [11]. Development of an aneurysm early in the
course of anterior M1 offers a much higher mortality rate [12].

11. Left ventricular dilatation

It is well recognized that survivors of MI can
demonstrate pronounced cavity enlargement [13].The
development of LV dilatation (that is not explained by an
elevated filling pressure or reinfarction) is the main finding
of LV remodeling and is one of its major determinants of a
bad outcome [13]. Jermey et al. [14] found a 42% increase in
LVEDYV over 6 months in patients with their first anterior Ml
[14]. After coronary artery ligation in the rat, there is early
thinning and distension of both the infracted (infarct
expansion) and the non-infarcted myocardium (passive
distension) [15]. However, dilatation of the non-infarcted
region continues for a more protracted period and is more
likely to be the major contributor to late phase of ventricular
enlargement [16]. The increase of LV volume early after Ml
is attributed mainly to elongated LV circumference and to a
lesser extent to increase in the LV sphericity. Late, increase
in LV volume is only result of further distortion of shape of
the LV to a more spheric configuration [16]. Mitchell et al.
showed that of the 88 ml early (2 weeks) post infarction
increase of the LVEDV, 66 ml was attributed to an elongated

LV diastolic circumference and 22 ml to increase
sphericity. The increase of the LV diastolic circumference
was due to elongation of non-contractile segment (infarct
expansion) and contractile segment (passive distension). In
same study , most of late (1 year) post infarction increase of
the LVEDV was due to increase of the LV sphericity; total
LV circumference did not change significantly because
increase in length of contractile segment was offset by
decrease in length of non-contractile segment. Of note,
patients with significant late LV enlargement (LVEDV
increase > 20 ml) had significant increase of both sphericity
and in diastolic LV circumference secondary to elongation of
the contractile segment [17]. In A, there is increased volume
as a result of increased circumference of infracted, non-
contractile segment. In B, marked increase in volume results
from increased circumference and spherecity. The late
increase in circumference is due to lengthening of contractile
tissue; note that increase in spherecity results from a rounding
out of sharp abnormalities in contour at margins of infarct.
Stippled lines= endsystole, solid lines: end diastole [17].

I11. Mural hypertrophy

After AMI, there is compensatory eccentric LV
hypertrophy of no infarcted area. Eccentric hypertrophy
involves serial deposition of new sarcomeres which results in
elongation of cells without an increase in cell thickness. This
process tends to return wall stress induced by LV dilatation
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toward normal. [18]. However, increase in cell length without
a corresponding increase in myocyte diameter would lead to
a further increase in diastolic wall stress [19]. Cardiac
hypertrophy is stimulated by a variety of neurohormonal
(e.g., catecholamines, RAS, aldosterone, endothelins,..), local
growth promoting peptides (FGF, IGF-I,..) and mechanical
stretch induced by elevated wall stresses transduced through
a common mechanism involving activation of protein kinase
cascades [20]. After coronary ligation in rats, hypertrophy of
surviving myocytes occurs in proportion to infarct size for
infarctions involving less 20% of the ventricle. There is little
additional hypertrophy in larger infarctions [21]. In rats with
infarction of less than 20%, there are minimal, if any changes
in haemodynamics or peak pumping capacity of heart.
However, rats with large infarctions develop increased left
ventricular end diastolic pressures and a rightward shift of left
ventricular pressure-volume relation [10]. Progressive left
ventricular dilation occurs up to 3 to 4 months post infarction
and cardiac output begins to fall at 6 months [15]. Of note,
hearts from patients with ischemic cardiomyopathy typically
dilated, hypertrophied, and have disproportionately thin
walls, suggesting inadequate myocardial thickness for degree
of dilatation [19].

IV. Distortion of LV geometry
A. Global shape change

As the heart remodels, its geometry changes: it
becomes less elliptical and more spherical. The increased
sphericity results from (1) lengthening of the ventricular
perimeters, (2) blunting of the normal curvature of the apex,
(3) and rounding out of the sharp abnormalities in contour at
the margins of the infarct (see below). [22]. Rather than a
cause of increased wall stress, increase in global LV
sphericity may be viewed as an adaptation to redistribute this
abnormal regional wall stress away from the critical border
zone of viable myocardium [17].

» Sequlae of LV shape changes

1. LV ejection and filling: natural elliptical shape of the
LV has shown to provide best LVEF. This is because
the normal systolic motion of the heart includes a
twisting action where the apical portion of the LV twists
counter-clockwise and basal portion twist clockwise. As
ventricle becomes more spherical this twisting ability
diminishes reducing both EF and filling [23].

2. Mitral valve orientation: conversion of LV shape into a
large sphere induces mitral regurgitation by shifting
papillary muscle alignment and by causing annular
dilatation [24].

3. Aortic valve orientation: the aortic valve is positioned so
that the force vector of the ventricular ejection is
directed toward the aortic valve. As the shape of the
ventricle becomes distorted, this force vector
diminishes, and its direction moves away from the aortic
valve. Thus, not only the force of ejections diminished,
but also what force remains is misdirected [23].

B. Regional geometrical changes

By performing endocardia curvature analysis of the
LV early ( 2 weeks) after anterior MI, Mitchell et al. showed
that at end systole, there was excessive curvature (bulging) of
the anterior wall, negative curvature (concavity) at the
anterobasal and inferior regions, and diminished curvature
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(blunting) of the apex [17]. The peri-infarct zone creates a rim
of negative curvature (concavity) encircling the infarct during
systole. This produces the subjective appearance of
hyperfunction in the infarct zone despite normal or depressed
quantitative wall motion. Later on, the global increase of LV
volume and sphericity is associated with regional flattening
of this zone. The increase of LV sphericity results from
rounding out of the sharp contour at this critical zone [17].

V. Wall motion asynergy

Early, the length of the non-contractile segment
increase due to the process of infarct expansion. However late
after the index infarction, there is decrease of this non
contractile segment length. Mitchell et al. reported significant
decrease of the non-contractile segment at 1 year follow up
compared to the baseline study after anterior MI .This
decrease was confined to the akinetic segment, whereas the
dyskinetic segment remained unchanged [17].

VI. Other changes
1. Compensatory hyper kinesis of non-infarct area

After large MI, muscle function in the non-infarcted
myocardium is augmented initially and then eventually
deteriorates without another ischemic insult. It is thought that
a mechanical stimulus (i.e., an increase in wall stress) is
probably responsible for the progressive deterioration in
muscle function [15].

2. Mitral regurgitation

Conversion of LV shape into a large sphere induces
mitral regurgitation by shifting papillary muscle positions and
by causing annular dilatation [24]. Data from a canine model
using 3-D echocardiography suggest functional MR
associated with LV dysfunction occurs only in the presence
of LV dilatation [25].

3. Diastolic dysfunction

Initially, the left ventricular pressure-volume curve
is shifted to the left toward the pressure axis at 24 hours. By
1 week, the curve shifts back away from the pressure axis
such that by 3 weeks, the pressure-volume relationship is
displaced rightward with large increase in operating end-
diastolic volume. The LV continues to dilate with
documentation of changes in the pressure-volume
relationship up tol year after infarction [26].

4. Right ventricular remodeling

The data support the contention that post myocardial
infarction remodeling is a biventricular process. Hirose et al.
studied right ventricular volumes changes during the first
year after LV infarction. In patients with anterior MI, there
were significant total increases of 13% and 15% in right
ventricular EDV and ESV, respectively, by 1 year. Neither
EDV nor ESV increased significantly after hospital discharge
following inferior wall LV infarction. Similarly, there was a
linear relation between LV and right ventricular ejection
fractions in patients with anterior Ml, but no relation in those
with inferior MI [27]. The combined effects of increased
volumes due to stretched and dilated infarcted tissue, and the
volume and pressure overload in non-infarcted territories
leads to the complex entity of post-MI remodeling [28].
Following the initial insult of an acute MI, there ensues a
cascade of molecular, cellular and interstitial perturbations
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which result in characteristic post MI structural remodeling
and a subsequent progressive decline in function [29].
Initially, myocardial fibrosis occurs during repair of necrotic
tissue with resultant non-contractile scar formation and an
elongation and thinning in infarct zone.

An initially adaptive increase in LV blood volumes
(and subsequently pressures) follows in an attempt to
augment stroke volume and maintain appropriate cardiac
output via Starling Mechanism [30]. A gradual progression
from an elliptical to a spherical configuration then becomes
apparent as hypertrophic myocyte elongation in the non-
infarcted zone, known as infarct expansion, leads to an
increase in LV mass and an enlargement of the LV cavity
[30]. As a result of these changes, the performance of the LV
is progressively impaired, exaggerated by loss of function in
the pathologically hypertrophied myocytes and interstitial
fibrosis with collagen deposition in the extracellular matrix
of the non-infarcted zone [31]. Essentially, progression to a
more spherical geometry reduces contractile efficiency as
cardio-myocytes are required to shorten more to achieve the
same ejected net volume [32]. Both the extent of structural
LV remodeling and the subsequent reduction in LVEF are
directly proportional to the infarct size [33].

3. Left ventricular remodeling and neurohormonal
activation

Further to the specific infarct related geometrical
changes, progression of LV remodeling is mediated by
overexpression of compensatory neurohormonal mechanisms
[34]. Sympathetic outflow increased both by attenuated
inhibition (baroreceptors and mechanoreceptors) and
increased excitation (peripheral chemoreceptors and
metaboreceptors) of adrenergic nervous system, such that
cardiovascular hemodynamics may be maintained and
functional capacity preserved [35]. Renin angiotensin
aldosterone system (RAAS) is also activated which, in
tandem with increased adrenergic response, facilitates
maintenance of cardiac output through sodium and water
retention, peripheral arterial vasoconstriction, increased
contractility and inflammatory  cytokine activation
(responsible for cardiac repair) [36]. Ultimately, however,
persistent over expression of these and other biologically
active compensatory molecules contributes to progression of
LV remodeling by virtue of detrimental effect they have on
cardiac myocytes and extracellular matrix [37]. To counteract
these deleterious effects, counter-regulatory neurohormones
such as natriuretic peptides (e.g. B-type natriuretic peptide
(BNP), atrial natriuretic peptide (ANP) excreted in an effort
to maintain sodium and water homeostasis [38].

4. Prognostic implications of left ventricular remodeling

The development of structural and functional LV
remodeling strongly linked to adverse outcome. Death and
hospitalization from chronic heart failure (CHF) is closely
related to decreasing LVEF and increasing ESV, EDV and
infarct length [39]. The specific geometry of LV remodeling
is further predictive. For example, it has been reported that
those with hypertensive concentric hypertrophy have highest
incidence of cardiac events and premature mortality [40].
This, it has been proposed, may be related to prolongation of
action potentials, increased dispersion of refractoriness, and
lowering of the ventricular fibrillation threshold [41].
Furthermore, independently, and irrespective of etiology,
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both LV mass and LV hypertrophy are predictors of
cardiovascular morbidity and mortality [42]. This
observation extends to a number of pathological contexts. For
example, a two to four-fold increase in risk of death or
nonfatal complications has been observed where LV
hypertrophy exists in conjunction with a diagnosis of
hypertension, CAD or uncomplicated Ml [43].

5. Assessment of LV Remodeling

Echocardiography and radionuclide
ventriculography have provided, to date, the majority of
investigational data describing the process of LV remodeling.
Recently, magnetic resonance imaging has represented an
important addition to the armamentarium of techniques [44].

5.1. Measures of LV remodeling: volumes versus ejection
fraction

While volumetric LV measurements appear to
provide most powerful data regarding process of LV
remodeling, estimation of LVEF is simpler to obtain and is
indeed a marker of remodeling process. However, it is
unlikely that one measurement such as a volume change will
provide a complete description in such a biologically
complex process [45]. Relative small increases in ventricular
volumes are associated with a major independent increase in
risk of death of patients with recent MI. While the EDV is a
reflection of both structural remodeling and diastolic filling,
ESV remains most powerful predictor of survival after AMI.
Progressive increment of only 25 ml in ESV increased
relative risk of death in an exponential manner [46].
However, ESV influenced by both EDV and fiber shortening,
and asymmetric contraction may make echocardiographically
derived measures of ESV inaccurate [47].

6. Therapeutic Intervention and Reversal of LV
Remodeling

During acute phase, limiting the infarct size is highly
desirable. This is achieved by reperfusion therapy. Beyond
the acute phase, several classes of drugs have been shown to
have a major impact on LV remodeling, most likely through
a combination of load-related and non-load-related
mechanisms. Each of these drug classes has been shown to
reduce morbidity and mortality [44].

. Reperfusion therapy
Fibrinolytic agents or PCI would provide benefit at
two phases:

1) In early reperfusion, only a thin endocardial rim of
myocardium would be infracted, resulting in the ultimate
return of regional function.

2) In late reperfusion, it may promote scar healing, prevent
apoptosis, and support remaining viable myocytes [48].

1. Medical therapy
1. ACE inhibitors have been shown to prevent post infarction
progressive increase in EDV and ESV observed in placebo-
treated groups. This effect noticed in several trials performed
in both asymptomatic and symptomatic patients [49]. The
mechanisms of beneficial effects of ACE inhibitors on
remodeling include:

e Reduction of circulating ACE activity.

e Reduction of tissue ACE and myocyte and fibroblast
growth factors
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e Reduction of ischemic or reperfusion injury and of
infarct size.

e Improvement of haemodynamics and decreased wall
stress.

e Improvement in collateral blood flow (bradykinin-
mediated) [50].

2. Beta blockers have been shown to have a major impact on

the remodeling process. These agents exerts their salutary

effects on remodeling through modulation of direct

adrenergic effects on the myocardium, reduction of

myocardial ischemia and prevention of recurrent Ml, and by

reduction of heart rate [51].

3. Angiotensin receptor blockers (ARBs) have been shown to

reduce ventricular volumes in patients with heart failure and

baseline ventricular dilatation, an effect most prominent in

patients not receiving maximal background therapy with

ACE inhibitors and beta blockers [52].

4. Aldosterone receptor blockers also reverse LV remodeling

following MI [53] and in patients with heart failure [54].

I11. Biventricular pacing (cardiac resynchronization

therapy)

Beneficial influence of cardiac resynchronization
therapy on LV remodeling has received much attention. In
Sync Randomized Clinical Evaluation (MIRACLE) trial,
there was a decrease in LV size (3.5 mm decrease in internal
diastolic dimension) and an increase in LVEF [55].

IV. Surgical approaches

There have many surgical attempts to reverse LV
remodeling. One is partial left ventriculectomy, or Batista
operation. In this operation, a portion of LV free wall b/w
papillary muscles excised in combination with mitral valve
surgery. But, Results of this surgery were disappointing [56].
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