
infarction is histologically healed5 and is thought to be
responsible for late ventricular dilatation.6-10 It has been
postulated that increased LV wall stress may be respon-
sible for the morphologic changes that occur in both
infarcted and noninfarcted segments.8,11 Late hypertro-
phy of the noninfarcted segment may serve to reduce
wall stress and compensate for reduced LV function.
Although an increase in wall stress after MI has been
presumed to play an important role in ventricular
remodeling, this hypothesis has not yet been proved
because of the difficulty in measuring regional wall
stress in a geometrically complex structure such as the
infarcted left ventricle.

LV wall stress has been traditionally assessed by ana-
lytic methods that are based on simplified geometric
models.12-18 We have previously applied the finite ele-
ment method to end-systolic LV models generated indi-
vidually from echocardiograms to assess regional wall

Dilatation and distortion of left ventricular (LV) mor-
phologic features after myocardial infarction (MI) is
often referred to as “LV remodeling.”1-3 Thinning and
elongation of the infarcted region commences immedi-
ately after coronary occlusion,3,4 whereas expansion of
noninfarcted regions continues even after the initial
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Regional wall stress predicts ventricular
remodeling after anteroseptal myocardial
infarction in the Healing and Early Afterload
Reducing Trial (HEART): An echocardiography-
based structural analysis
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Background Increased left ventricular (LV) wall stress after myocardial infarction (MI) has been implicated in LV
remodeling. However, the relationship between LV wall stress and LV remodeling is incompletely defined.

Method We prospectively studied the relationship between regional wall stress and LV remodeling by application of the
finite element method to end-systolic LV models from patients enrolled in the Healing and Early Afterload Reducing Therapy
(HEART) Trial. Individual LV models were constructed from orthogonal apical echocardiographic views obtained at day 14
after anteroseptal MI in 64 patients. Of these, 31 patients received low-dose (0.625 mg) ramipril and 33 patients received
full-dose (10 mg) ramipril. LV wall stress was calculated by the finite element method and correlated with change in LV vol-
ume from day 14 to day 90 after MI.

Results Among all patients, increases in apical regional wall stress were associated with LV volume changes (P-trend =
.015). The relationship between apical regional wall stress and change in LV volume was strongest in the low-dose ramipril
group (r = 0.53, P = .002) and remained significant after adjustment for end-diastolic volume, infarct size, ejection fraction,
and systolic blood pressure yet was attenuated in the full-dose ramipril group.

Conclusions. Apical regional wall stress is an independent predictor of subsequent LV remodeling after MI. The rela-
tionship between increased apical wall stress and LV dilatation appears to be attenuated by full-dose angiotensin-converting
enzyme inhibition. (Am Heart J 2001;141:234-42.)
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stress after acute MI.19 The finite element method is a
commonly used engineering method for estimation of
the stress distribution within a structure20,21 and is par-
ticularly useful for analysis of complex structures that
are difficult to evaluate analytically. These investigations
have shown that estimates of global and apical regional
wall stress were increased in anterior MI compared
with normal and inferoposterior MI.19

In this study we estimated global and regional wall
stress and analyzed the relationship between these esti-
mates and subsequent changes in LV volume after
anteroseptal MI. We used a population of patients from
the Healing and Early Afterload Reducing Therapy
(HEART) Trial22 to test the hypothesis that a finite ele-
ment–based estimate of regional wall stress, particularly
in the apex of the infarcted ventricle, is predictive of
subsequent LV dilatation after anterior MI.

Methods
Patients

Sixty-four subjects were selected from patients who were
enrolled in the HEART trial, a randomized, double-blind,
placebo-controlled trial designed to assess the safety and effi-
cacy of immediate versus delayed administration of the
angiotensin-converting enzyme (ACE) inhibitor ramipril in
patients with acute anterior MI. The HEART study randomized
352 patients to receive one of three treatments: (1) low-dose
ramipril (0.625 mg daily) for the entire duration of the study
(low-dose group), (2) full-dose ramipril (10 mg daily) for the
entire duration of the study (full-dose group), and (3) placebo
for the first 14 days followed by full-dose ramipril (placebo/
full group). Echocardiograms were obtained in the HEART
study on days 1, 14, and 90 after MI.

This substudy was designed to test the hypothesis that
regional wall stress 2 weeks after MI was predictive of subse-
quent LV remodeling. This assessment was made at the 2-
week point because of the substantial degree of LV functional
recovery noted in this population between days 1 and 14 after
MI. For this analysis, only the 195 patients receiving a con-
stant dose of medication for the entire study period (the low-
dose group and the full-dose group) were eligible for inclu-
sion. Because reperfusion therapy influences LV remodeling
and most of the study population (87%) received some sort of
reperfusion therapy, an additional 19 patients who did not
receive reperfusion therapy were excluded from the analysis.
Patients with significant aortic or mitral regurgitation or atrial
fibrillation or who died before the third echocardiogram were
also excluded. Echocardiographic reconstruction required
both apical four- and two-chamber views at both time points
with image quality sufficient for accurate digitization. An ini-
tial determination of echocardiographic quality sufficient for
three-dimensional reconstruction was made by an indepen-
dent observer who was not involved in subsequent analyses.
Ultimately, three-dimensional reconstruction and modeling
was technically possible in 31 patients in the low-dose group
and 33 patients in the full-dose group. Echocardiograms of
healthy volunteers (n = 13) were used for reference values for
average and regional wall stress. The normal values used for
this study have been previously reported.19

Echocardiographic methods
HEART study echocardiograms recorded on S-VHS tapes

included two-dimensional short-axis views at three different
levels and apical four- and two-chamber views. Endocardial
and epicardial contours from the same frame were digitized
from three separate high-quality cardiac cycles from the apical
four- and two-chamber views. LV end-diastolic volume was cal-
culated by the modified Simpson’s rule method as part of a
separate analysis by an echocardiographer not involved in the
finite element modeling. LV infarct size was determined by
measuring the mean extent of the akinetic or dyskinetic region
in the short axis and apical views and taking the sum of these
values, expressed as a percentage of the total endocardial cir-
cumference in both short-axis and apical views. In addition,
wall motion was assessed according to the American Society of
Echocardiography wall motion scoring method using a 16-seg-
ment model.23 Reproducibility of the volume measurement
was assessed by randomly assigning the echocardiographic
reader performing the analysis 50 of the original HEART study
echocardiograms for repeated measurement. The upper 95%
confidence interval of the difference between original and
repeated measurements was 3.8 mL or 3.7%.

Finite element modeling
For each patient, apical four- and two-chamber endocardial

and epicardial contours were digitized from the same frame
at end-systole to construct a solid model of the left ventricle.
A rotational angle of 0 degrees was assumed for the four-
chamber view, and 90 degrees was assumed for the two-
chamber view. A midline between the apex and the base of
the ventricle was determined by computer and adjusted as
necessary. A three-dimensional model of the ventricle was
constructed from the orthogonal views with the assumption
that the midlines overlapped and represented the central axis
of the ventricle.

Digitized curves from the reconstructed ventricle were
imported into a computer simulation software package (I-
DEAS, SDRC, Milford, Ohio) and three-dimensional endocar-
dial and epicardial surfaces were constructed. A finite ele-
ment mesh composed of five regions was generated. The
completed model consisted of a 2500-element, eight-node
brick element mesh that was five elements thick throughout
(Figure 1). The mesh was constructed in the same manner for
each individual ventricular model, ensuring that element and
node locations corresponded to similar anatomic regions.
The five discrete regions from the mesh represented the ante-
rior wall, lateral wall, inferior wall, septum, and apex. Each
mesh was tested for element distortion before model solution
and after processing.

Loading conditions representing end-systolic LV pressure
were applied to individual element faces. Systolic blood
pressure obtained at the time of the echocardiographic
study was used in lieu of LV end-systolic pressures.24 The
model was restrained at the base and a single node was
restrained in all degrees of freedom. A minimal strain linear
elastic steady-state finite element solution was used. For sim-
plicity, the myocardial material properties were assumed to
be homogeneous, isotropic, and incompressible. A Young’s
modulus of 1 × 10 dynes/cm2 was assumed to ensure mini-
mal strain, and a Poisson’s ratio of 0.49 represented near



incompressibility. Before analyses, a sensitivity study was
performed in which it was determined that altering the
Young’s modulus by an order of magnitude in either direc-
tion would have a minimal effect (<3%) on the model solu-
tion. After model solution, the average Von Mises stress on
each element and the mean Von Mises stress for the entire
ventricle, representing a nondirectional parameter of stress,
was calculated (Figure 1).

To assess regional LV wall stress, the mean stress of all ele-
ments within each of the five separate regions of the heart
was calculated. These regions (anterior wall, lateral wall, infe-

rior wall, septum, and apex) contained 500 elements each and
corresponded to the same ventricular locations despite differ-
ences in heart size or shape.

Statistical analysis
Data are presented as mean ± SD or SE and are marked

accordingly. Differences in means between multiple groups
were assessed with analysis of variance (ANOVA) followed by
post-hoc comparisons with use of a Bonferroni correction.
Linear regression analysis was used to test for trend for cate-
gorized variables and multiple regression was used to assess
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Complete HEART full- 
Low-dose group Full-dose group and low-dose cohort 

(n = 31) (n = 33) (n = 195)

Age (y) 57.0 ± 11.8 60.0 ± 12.6 60.2 ± 12.3
Male sex (%) 81 73 77
Ejection fraction (%) (normal 65.9 ± 4) 56.6 ± 8.9 58.3 ± 8.1 57.2 ± 8.5
Systolic blood pressure (mm Hg) 113 ± 13.7 119.1 ± 14.2 117.5 ± 15.1
LV end-diastolic volume (mL/m2) 55.5 ± 15.9 52.1 ± 14.4 54.7 ± 15.4
Infarct size (%) 19.1 ± 12.6 19.7 ± 12.0 17.5 ± 12.4
LV volume change (range ∆mL/m2) day 14 to day 90 –21 ± 25 –23 ± 20 –32 ± 35.6
Maximal CK 2789 ± 382 2876 ± 284 2471 ± 2021

Expressed in mean ± SD. CK, Creatine kinase.

Table I. Clinical and echocardiographic data at day 14

Figure 1

A four-chamber end-systolic echocardiographic image of a patient at day 14 after MI (left), a mesh three-dimen-
sional reconstruction (center), and color-encoded wall stress distribution (right) of the same patient (color key
units = dynes per square centimeter). The echocardiogram demonstrates distortion of ventricular geometry with
dilatation of the apex and preservation of the base. This patient was in the highest quartile for both wall stress
and subsequent LV dilatation.
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the ability of wall stress measurements to predict ventricular
dilatation independently. A P value of less than .05 was con-
sidered statistically significant.

Results
Clinical characteristics

Clinical and echocardiographic characteristics of the
low-dose and full-dose groups included in this study,
along with the entire low- and full-dose cohort from
HEART, are shown in Table I. There were no significant
differences in the day 14 clinical parameters between
the two groups and the patients from HEART who were
not included in this substudy (ANOVA). Systolic blood
pressure was slightly higher in the full-dose group.
Overall, LV end-diastolic volume did not change signif-

icantly between days 14 and 90 in either low- or high-
dose groups, although LV end-diastolic volume change
varied from –21 to +25 mL/m2 in the low-dose group
and from –23 to +20 mL/m2 in the full-dose group.
Infarct size on day 14 was 19.1% ± 12.6% in the low-
dose group and 19.7% ± 12.0% in the full-dose group
(P = .84). In this population there is a broad range of
LV remodeling; approximately 50% of patients demon-
strate some enlargement of the heart during the fol-
low-up period and the distribution of remodeling is
normally distributed. The overall mean wall motion
score was 1.66 ± 0.38. Wall motion scores >2.0 were
present only in apical and anteroseptal regions. The
mean wall motion score in the apical region was 2.6 ±
0.8. There was no significant difference in wall
motion score between low-dose and high dose-groups.

Healthy controls Low-dose group Full-dose group
Region (n = 13) (n = 31) (n = 33)

Average (Kdynes/cm2) 144.5 ± 9.1 189.8 ± 7.9* 212.4 ± 8.8*
Apical wall (Kdynes/cm2) 88.7 ± 7.0 171.9 ± 10.5*† 215.9 ± 12.8*†
Anterior wall (Kdynes/cm2) 162.6 ± 9.3 187.6 ± 7.3 207.5 ± 8.5
Lateral wall (Kdynes/cm2) 156.2 ± 9.3 185.9 ± 8.0 206.6 ± 8.1
Inferior wall (Kdynes/cm2) 153.5 ± 9.6 197.0 ± 8.7 214.8 ± 10.1
Septal wall (Kdynes/cm2) 161.6 ± 12.8 206.9 ± 9.4 224.6 ± 9.0

Expressed in mean ± SE.
*P < .01 compared with control.
†P < .05 compared with other treatment group (ANOVA with post-hoc comparisons).

Table II. Regional wall stress at day 14

Figure 2

The relationship between apical wall stress at day 14 after MI and subsequent change in LV size between day 14
and day 90. Patients receiving low-dose and full-dose ramipril are included in these data (n = 64) and are
divided into quartiles (16 patients each) on the basis of the apical wall stress measurement.
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LV global and regional stress
Global and regional estimates of wall stress from 64

MI patients and 13 healthy controls were assessed by
finite element analysis. Average LV wall stress was sig-
nificantly higher when MI patients were compared
with healthy controls (201.5 ± 6.1 Kdynes/cm2 vs
144.5 ± 9.1 Kdynes/cm2, P < .001). Furthermore, all
five predefined segments examined showed incre-
ments in wall stress (Table II) with the infarcted api-
cal region showing the most marked differences,
from 88.7 ± 7.0 Kdynes/cm2 to 194.6 ± 8.7
Kdynes/cm2 (P < .0001). The average global and
regional LV wall stress values of healthy control sub-
jects and the low-dose and full-dose groups are shown
in Table II.

Correlation between LV wall stress and LV end-dias-
tolic volume changes

Neither average stress nor apical wall stress at day
14 was significantly correlated with the LV end-dias-
tolic or end-systolic volume at baseline (day 14) in
either group. Among all infarcted patients (n = 64),
apical wall stress was significantly related to change
in LV volume between day 14 and day 90 because
each quartile increase in apical wall stress was associ-
ated with increases in LV volume change (Figure 2, P-

trend = .015). The relationship between apical wall
stress and subsequent ventricular dilatation was
strongest in the low-dose group (Figure 3, A; r =
0.53, P = .002). In contrast, this relationship
appeared to be attenuated in the full-dose group (Fig-
ure 3, B; r = 0.19, P = .29). The slope of the regres-
sion between apical wall stress and volume change
was significantly different in patients receiving full-
dose ACE inhibition from that in patients receiving
low-dose ACE inhibition (P < .05). The average wall
stress was not related to LV volume change between
day 14 and day 90 in either group.

To obtain a measure of wall stress that was indepen-
dent of LV size, apical regional wall stress was indexed to
LV end-diastolic volume in each patient. The correlation
between indexed apical wall stress at day 14 and volume
change between day 14 and day 90 was strengthened in
all patients (r = 0.44, P < .0005) (Figure 4, A), yet was
strongest in the low-dose group (r = 0.66, P < .0001) (Fig-
ure 4, B) and was not significant in the full-dose group.
To determine the independence of apical wall stress as a
predictor of ventricular dilatation, a multiple regression
model was used. Apical wall stress remained predictive of
subsequent LV dilatation after adjustment for end-dias-
tolic volume, size of the akinetic/dyskinetic segment at
day 14, ejection fraction, systolic blood pressure, or drug
group, with each 10 Kdynes/cm2 increase in wall stress

Figure 3

The relationship between apical wall stress at day 14 after MI and subsequent change in LV size between day 14
and day 90 in patients receiving low-dose (0.625 mg) ramipril (A) and full-dose (10 mg) ramipril (B).

A B
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associated with a 0.47 mL/m2 increase in ventricular vol-
ume (adjusted r2 = 0.40, P = .002). Ramipril dose itself is
not a predictor of remodeling in this cohort.

Discussion
By use of the finite element method, we have previ-

ously reported an increase in apical stress after ante-
rior MI. In the current study, we have applied this
technique prospectively to demonstrate that an esti-
mate of apical wall stress 2 weeks after anterior MI pre-
dicts subsequent LV dilatation during the following 11
weeks. Although it has been postulated that increased
wall stress after MI plays an important role in induc-
tion of LV remodeling, these results demonstrate in
patients a significant association between a measure of
global and regional ventricular wall stress and LV
remodeling.

Predictors of LV remodeling
LV remodeling is influenced by a plethora of clinical

variables, including initial infarct size,1 coronary reper-
fusion,25 infarct-related artery patency,26-28 acute and
chronic hemodynamics,29,30 neurohormonal status,31

and several classes of drugs. ACE inhibitors have been
shown to attenuate ventricular remodeling and reduce
the mortality rate in acute MI. Late and progressive ven-
tricular dilatation still occurs in a significant percentage
of patients with MI, despite standard care with throm-

bolytics, mechanical revascularization, and ACE
inhibitors. Global and regional myocardial mechanics
and the changes in the myocardial interstitium have
been implicated in the secondary changes in ventricu-
lar geometry, although the mechanisms by which these
factors operate and interact are not fully understood.

According to LaPlace’s law, increases in the radius of
curvature and thinning of an infarcted ventricular wall
would be expected to result in increases in both dias-
tolic and systolic wall stress. The LV apex has been pro-
posed as the most vulnerable region of the ventricle,
because it is the thinnest, and, after anterior MI, has the
greatest increase in radius of curvature.32 Methods that
approximate LV shape as a prolate ellipsoid or sphere
cannot accurately evaluate the focal increases in stress
that occur in the apex and anterior wall after anterosep-
tal MI, whereas finite element methods are not depen-
dent on geometric assumptions.

Relationship between wall stress and LV volume
change

In the current study, change in LV volume from day
14 to day 90 after MI rose in proportion to apical
regional wall stress 2 weeks after MI. The ventricles
with the highest apical wall stress at day 14 were most
likely to dilate and ventricles with the lowest apical
wall stress at day 14 were most likely to become
smaller. Because neither global wall stress nor apical

Figure 4

The relationship between apical wall stress indexed to LV end-diastolic volume (LVEDV) at day 14 and subse-
quent change in LV size between day 14 and day 90 among all patients (A) and in patients receiving low-dose
(0.625 mg) ramipril (B).

A B
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wall stress were themselves directly related to LV dias-
tolic volume in the current study, this tendency was
not simply due to the size of the left ventricle. Indeed,
in a multiple regression model apical wall stress
remained highly predictive of remodeling when heart
size was controlled at day 14 after MI. These data sug-
gest that the shape of the heart—and distortions in ven-
tricular geometry—may contribute more to LV remod-
eling than ventricular size alone.

That global wall stress was not significantly correlated
with LV dilatation might be explained by the relative
sparing of ventricular function seen in this population.
Localized regions of increased wall stress had little
effect on global ventricular stress, providing further evi-
dence that global measures of wall stress may lack valid-
ity in the setting of MI.

Wall stress and LV end-diastolic volume
The inability of the remaining viable myocardium to

compensate for the increased wall stress associated
with ventricular dilatation and thinning has been recog-
nized as one of the triggers that promotes ventricular
enlargement after MI.33 We hypothesized that, of two
ventricles of the same size after MI, the one with the
greatest apical deformation (higher apical regional wall
stress) at end-systole will demonstrate the greatest
dilatation (Figures 3 and 4). Indeed, when apical wall
stress is indexed to diastolic heart size, the relationship
between indexed apical stress and LV volume change is
strengthened, suggesting the importance of apical
deformation in the remodeling process.

The effect of ACE inhibitor on regional wall stress
Numerous studies have demonstrated that ACE inhibi-

tion after MI attenuates LV enlargement and improves
patient prognosis.22,27,34-37 The precise mechanism of
the beneficial effects of ACE inhibition has not yet been
elucidated. All patients in this substudy received
ramipril within 24 hours after MI. In addition, all
patients in this substudy received reperfusion therapy.
However, the relationship between apical stress and LV
volume changes was strongest in the group that
received low-dose ramipril and was statistically differ-
ent from the relationship between apical stress and LV
volume change in the group that received high-dose
ramipril (P < .05), suggesting that higher-dose ACE inhi-
bition attenuated the positive relationship between api-
cal stress and LV remodeling.

Nevertheless, the average wall stress was not signifi-
cantly different in the low- and full-dose ACE inhibition
groups, and systolic blood pressure and apical wall
stress were slightly higher in the full-dose group in this
substudy. We conclude therefore that in this cohort
high-dose ramipril did not reduce wall stress itself but
did attenuate the relationship between wall stress and
remodeling. These results are consistent with the find-

ings of the Studies of Left Ventricular Dysfunction
(SOLVD) investigators, who demonstrated regression of
LV hypertrophy with ACE inhibition despite persistent
elevation in end-systolic wall stress.38 One possible
explanation for this observation is that ACE inhibition
subtly alters the relationship between stress and strain
by a direct effect on the material properties of the
myocardium. In support of this hypothesis, recent stud-
ies have demonstrated that long-term ACE inhibition
and AT1 receptor blockade attenuated the develop-
ment of myocardial interstitial fibrosis in the nonin-
farcted region and increased the cardiac kinins that also
inhibit the interstitial accumulation of collagen in ani-
mal models of MI.39-41 Alternatively, ACE inhibition
might affect mechanotransduction in a way that attenu-
ates the effect of high wall stress on subsequent cellular
events that contribute to remodeling.42 Our observa-
tions are also consistent with reports of clinical benefit
of ACE inhibition without changing hemodynamic sta-
tus.43 Finally, the role played by local inhibition of the
renin-angiotensin system in noninfarcted myocardium
remains to be elucidated.

Limitations of this study
The design of the HEART study precluded a placebo

control group from day 14 to day 90 after MI to com-
pare with the effect of ACE inhibition. Because our out-
come variable was change in LV volume between this
time period, we chose not to include the group that
received placebo for the first 14 days followed by high-
dose ramipril because these patients would not have
been receiving ACE inhibitor at the time of the 14-day
echocardiogram but would have been subject to the
effect of high-dose ACE inhibition during the important
period between days 14 and 90.

Despite the fact that the mean change in end-diastolic
volume is relatively small (and negative) in this study
population, there is marked heterogeneity of LV remod-
eling seen in our study population. Indeed, there is
marked heterogeneity in 2-week ejection fractions in this
population as well. The distribution of LV remodeling in
this subset of patients is representative of the HEART
study population as a whole, whereas the slightly less
remodeling seen in this population may be due to the
fact that all patients in this subset underwent reperfusion
of some sort, received ACE inhibition (either low or high
dose), and survived until 90 days after MI.

Many patients were excluded from the current study
because of the need for high-quality echocardiograms
for this analysis, and we cannot exclude the possibility
that selection bias could partially influence our results.
However, in our study the major determinant for exclu-
sion was insufficient echocardiographic quality to per-
form LV reconstruction, and this determination was
made by a cardiologist not directly involved in stress
measurements and modeling. That clinical baseline char-
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acteristics—with the exception of systolic blood pres-
sure, which was slightly but significantly higher in the
full-dose group—and the degree of LV volume change
were similar in both groups argues against a systematic
selection bias. Although we were ultimately able to per-
form this analysis in approximately 50% of the eligible
patients, this type of analysis will become more feasible
as more accurate acquisition techniques, including
three-dimensional echocardiography and magnetic reso-
nance imaging, become more commonplace.

There are many codeterminants of LV remodeling,
including reperfusion status and infarct-related artery
patency. Although all the patients in this substudy (and
the majority in the HEART study as a whole) underwent
reperfusion therapy, we have no data regarding the ade-
quacy of reperfusion in these patients. We thus cannot
exclude the possibility that infarct-related artery
patency influences the relationship between wall stress
and remodeling.

In any finite element analysis, the quality of the analy-
sis is dependent on the quality of the geometric data
and accuracy of the loading conditions. Although we
used high-quality echocardiograms for this study, our
acquisition method did not allow for true three-dimen-
sional reconstruction. Hence we refer to our modeling
as pseudoreconstruction on the basis of two relatively
orthogonal views but realize that these views are not
truly orthogonal and that more accurate three-dimen-
sional data would improve the quality of our LV volume
and wall stress analyses. Ultimately, in our cohort only
approximately 50% of eligible patients could undergo
finite element modeling. Improved ability to model ven-
tricular geometries, including use of more sophisticated
imaging techniques such as three-dimensional echocar-
diography or magnetic resonance imaging, would cer-
tainly enhance this type of analysis. Nevertheless, we
believe that this approach is an improvement over wall
stress approximations based on arbitrary modeling of
the left ventricle as a prolate ellipsoid using minimal
measured data. Additionally, a more accurate method of
assessing end-systolic pressure, such as carotid tonome-
try, would likewise improve the accuracy of our results.

Finally, our approach to assessment of LV wall stress is
likely to be criticized because of our simplification of
myocardial material properties and myocardial isotropy.
We have made the assumptions outlined in our method
because (1) the material properties of the systolic
myocardium are unknown, (2) our sensitivity analyses
(data not shown) have suggested that altering the
myocardial stiffness in the infarct region by an order of
magnitude in both directions has virtually no affect on
the model solutions, and (3) the isotropic nature of
myocardial tissue is likely to be less important in the
contracted state than in the relaxed state. Finally, the
results of this study suggest a biologic correlate to this
measure. Although this measurement may not be the

most accurate assessment of wall stress possible, we
believe it is more appropriate and more clinically rele-
vant in the post-MI population than commonly used ana-
lytic approaches. Nevertheless, approaches to assessing
myocardial material properties during systole are essen-
tial to an improved understanding of the relationship
between contractility and myocardial morphologic fea-
tures. McPherson et al44 have used the finite element
approach to assess diastolic elastic modulus by deter-
mining the global elastic modulus that best predicted
diastolic deformations in ventricular geometry after
coronary occlusion. It is conceivable that this approach
might be used in a systolic model.

Conclusions
Apical regional LV wall stress 2 weeks after

anteroseptal MI predicts subsequent changes in LV vol-
ume during the ensuing 11 weeks. This relationship
remains significant after ventricular size is controlled,
suggesting that the extent of apical deformation may
play a critical role in LV remodeling. High-dose ACE
inhibition appears to attenuate the positive relationship
between left ventricular apical wall stress and remodel-
ing while not affecting apical wall stress itself directly.
That the relationship between regional wall stress and
remodeling is attenuated by ACE inhibition suggests an
important role for the local renin-angiotensin system in
the sequence of events that leads from the alteration in
mechanical forces to changes in ventricular morpho-
logic features that occur after MI.
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