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Left Ventricular Remodeling after Myocardial 
Infarction in Antecedent Hypertensive Patients

Minoru YOSHIYAMA, Kimio KAMIMORI, Yoshihisa SHIMADA*,

Takashi OMURA, Naoto KINO*, Hidetaka IIDA*, and Junichi YOSHIKAWA

Antecedent hypertension adversely affects mortality and heart failure after myocardial infarction (MI). In

addition, accelerated ventricular remodeling is a contributor to the increased mortality observed after MI.

The purpose of this study was to assess the relationship of antecedent hypertension to ventricular remod-

eling after MI. Ninety-four patients presenting with a first acute MI who were treated with reperfusion therapy

within 12 h of their symptom onset were enrolled in this study. All of them underwent left ventriculography

immediately after reperfusion therapy and again at 6 months after the occurrence of MI. Patients were

divided into two groups: a hypertensive group and a normotensive group. End-diastolic volume index

(EDVI), end-systolic volume index (ESVI), and ejection fraction (EF) values in the acute phase were com-

pared to those at 6 months after acute MI in either group. The hypertensive group showed a significant

increase in both EDVI and ESVI after 6 months, whereas the normotensive group did not. In addition, there

was no change in EF in the hypertensive group, whereas EF increased significantly after 6 months in the

normotensive group. As a result, the percent changes in ESVI and EF were significantly different between

the hypertensive group and normotensive group. The results demonstrated that antecedent hypertension

interacts with ventricular cavity dilatation after MI. (Hypertens Res 2005; 28: 293–299)
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Introduction

Although antecedent hypertension is known to adversely
affect mortality after acute myocardial infarction (MI) (1−4),
whether (and in which patients) it also heightens the risk of
developing heart failure is disputed (5−7). Furthermore, the
potential interactions of antecedent hypertension with other
predictors of postinfarction heart failure and poor prognosis
are well known. Because hypertension induces structural
changes within the left ventricle (8−10), we hypothesized that
patients with antecedent hypertension would be more likely to
develop left ventricular (LV) remodeling after MI. In the
present study, therefore, we analyzed LV cavity and function
by LV angiography after acute MI in patients with and with-

out antecedent hypertension.

Methods

Patient Selection

Ninety-four patients presenting with a first acute MI who
were treated with reperfusion therapy and attained a throm-
bolysis in myocardial infarction (TIMI) flow grade 3 within
12 h of their symptom onset were enrolled in this study. The
diagnosis of acute MI was based on chest pain lasting >30
min, ST segment elevation of >0.2 mV in at least two contig-
uous ECG leads, and elevation of the serum creatine kinase
(CK) level to greater than three times the upper limit of the
normal range. Patients who had a history of previous MI, a
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TIMI grade of 3 at the time of initial angiography, an occur-
rence of re-infarction within 6 months, or restenosis of target
vessels at the 6-month follow-up, and those with significant
valvular heart disease were excluded. In addition, patients
with a maximum serum CK less than 1,000 IU/l were also
excluded. The maximum serum CK was defined as the peak
value among those measured every 3 h after reperfusion ther-
apy. Patients were categorized as having antecedent hyperten-
sion if this diagnosis was known by the patients to have been
made by their family physician or after specialist referral, if
the acute admission note indicated a history of hypertension
and/or they were receiving antihypertensive medication. All
patients received conventional drug therapy according to
individual need, and such therapy remained the responsibility
of the attending physician. Patients with hypertension were
started on antihypertensive drug treatment immediately after
admission. In patients with hypertension, systolic blood pres-
sure (SBP) was controlled to less than 120 mmHg during the
acute phase. After that, in the chronic phase, we attempted to
control SBP to less than 140 mmHg and diastolic blood pres-
sure (DBP) to less than 90 mmHg.

All patients underwent coronary angiography immediately
after admission. They received reperfusion therapy, includ-

ing percutaneous transluminal coronary revascularization
(PTCR), plain old balloon angioplasty (POBA), and percuta-
neous transluminal coronary stent implantation. Reperfusion
therapy was considered successful when the coronary flow
with the culprit lesion attained a TIMI flow grade of 3. After
reperfusion therapy, all subjects underwent left ventriculogra-
phy (LVG). Right anterior oblique 30° views of LVG were
used for assessment of regional and global LV function. LV
end-diastolic and LV end-systolic volumes (EDV, ESV), and
LV ejection fraction (EF) were measured according to the
area-length method. LVG was performed again 6 months
after the occurrence of MI, and EDV, ESV, and EF were mea-
sured by the same method. None of the patients had residual
ischemia after coronary intervention or before admission.

Clinical Data and Outcomes

Patients were divided into two groups on the basis of blood
pressure at the examination before their MI. Normotensive
patients (normotensive group) had an SBP less than 140
mmHg and a DBP less than 90 mmHg, and were not current
users of antihypertensive drugs. Hypertensive patients
(hypertensive group) had an SBP of 140 mmHg or more or a

Table 1. Baseline, Clinical and Procedural Characteristics

Normotensive group
(n=48)

Hypertensive group
(n=46)

p value

Age (years) 60.8±9.3 64.2±9.2 0.074
Male (%) 63.4 87.5 <0.01
Diabetes mellitus (%) 20.8 41.3 0.031
Hyperlipidemia (%) 43.8 34.8 0.37
Current smoker (%) 52.1 54.3 0.83
Blood pressure (at 6-month follow-up)

Systolic 122±15 139±15 <0.001
Diastolic 71±11 81±11 <0.001

Lesion location 0.12
RCA (%) 29.1 39.1
LAD (%) 66.7 47.8
LCX (%) 4.2 13.0

Interventions 0.72
PTCR (%) 2.1 0.0
PTCR + balloon angioplasty (%) 25.0 26.1
Balloon angioplasty (%) 22.9 28.3
Stenting (%) 50.0 43.5

Max serum CK (IU/l) 3,949±2,332 3,791±2,433 0.75
TIMI 3 time (h) 4.5±2.2 5.2±2.5 0.11
Medication

ACE inhibitors (%) 47.9 63.0 0.14
β-Blockers (%) 12.5 10.9 0.81
Calcium channel blockers (%) 6.7 43.8 <0.01

RCA, right coronary artery; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; PTCR, percutaneous
transluminal coronary thrombolytic revascularization; CK, creatine kinase; TIMI, thrombolysis in myocardial infarction; ACE, angio-
tensin converting enzyme.
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DBP of 90 mmHg or more, or were current users of antihy-
pertensive drugs. Patients with hypertension commenced
treatment with antihypertensive drugs immediately after
admission. End-diastolic volume index (EDVI), end-systolic
volume index (ESVI), and EF were compared between the
acute phase and 6 months after MI in each group. The percent
changes in EDVI, ESVI, and EF were also compared between
the two groups. The percent change of a value A was defined
as: 100× (value of A at 6 months after MI - value of A at
acute phase) / value of A at acute phase. An increase >15% in
the LV EDVI or LV ESVI after revascularization was defined
as ongoing LV remodeling (11).

Statistical Analysis

Values are expressed as the mean±SD. Categorical variables
were analyzed by the χ2 test. Continuous variables were ana-
lyzed by unpaired or paired t-test. All variables entered the
multivariable stage, regardless of the results of univariable
analyses. Multivariable regression was then performed by
stepwise backward deletion. All variables with a probability
value <0.25 remained in the final model. Values of p<0.05
were considered to indicate statistical significance.

Results

The study sample consisted of 94 patients who met all inclu-
sion criteria. Baseline, clinical and procedural characteristics
of the study group are listed in Table 1. Compared with the
normotensive group, the hypertensive group had a higher per-
centage of males, higher incidence of diabetes mellitus, and

greater frequency of use of calcium channel blockers.
LV parameters at acute phase and at the 6-month follow-up

are summarized in Table 2. EDVI, ESVI, and EF were similar
between the hypertensive group and the normotensive group
both at the acute phase and the 6-month follow-up. However,
changes in these parameters differed between the two groups
over this 6-month period.

There were significant increases in both EDVI and ESVI in
the hypertensive group after 6 months (67.4±17.0 to
76.2±23.7, p<0.001; and 26.3±12.5 to 32.0±8.7, p=0.01,
respectively), whereas there were no significant increases in
the normotensive group (69.8±16.1 to 72.4±16.6, p=NS;
and 30.3±12.2 to 28.6±16.4, p=NS, respectively). In addi-
tion, EF in the hypertensive group did not change (61.2±12.4
to 59.8±13.4, p=NS), whereas EF in the normotensive group
increased significantly after 6 months (56.7±14.0 to
61.9±14.1, p<0.01). As a result, there were significant dif-
ferences in the percent change in ESVI and EF between the
hypertensive group and the normotensive group, whereas
there was no significant difference in the percent change in
EDVI between the two groups.

In this study, the blood pressure was controlled at under
140/90 mmHg. For 1 week after acute MI, we kept the blood
pressure under 120 mmHg because we had to prevent cardiac
rupture. At 2 months after MI, the SBP values in antecedent
patients and normotensive patients were 121±8 mmHg and
137±8 mmHg (p<0.05). At 2 months after MI, the DBP val-
ues in antecedent patients and normotensive patients were
71±8 mmHg and 87±7 mmHg (p<0.05). At 6 months after
MI, the blood pressure in hypertensive patients was signifi -
cantly higher than in normotensive patients. Heart rate was

Table 2. Comparison of EDVI, ESVI, and EF between Immediately after MI (Acute Phase) and 6 Months after MI in Each
Group

Normotensive group Hypertensive group p value

EDVI (ml/m2)
Acute phase 69.8±16.1 67.4±17.0 0.48
After 6 months 72.4±16.6 76.2±23.7 0.37
p value 0.27 <0.001
Percent change (%) 6.1±21.7 14.9±25.4 0.08

ESVI (ml/m2)
Acute phase 30.3±12.2 26.3±12.5 0.12
After 6 months 28.6±16.4 32.0±18.7 0.60
p value 0.30 0.01
Percent change (%) -3.6±35.4 29.1±64.0 <0.01

EF (%)
Acute phase 56.7±14.0 61.2±12.4 0.06
After 6 months 61.9±14.1 59.8±13.4 0.46
p value <0.01 0.26
Percent change (%) 11.9±23.4 -1.5±20.7 <0.01

EDVI, left ventricular end-diastolic volume index; ESVI, left ventricular end-systolic volume index; EF, left ventricular ejection frac-
tion; MI, myocardial infarction. Percent change of a value A=100 × (value of A at 6 months after MI - value of A at acute phase) / value
of A at acute phase.
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not different between the two groups.
Table 3 shows the predictors of LV remodeling after revas-

cularization. Hypertension was both a univariable (p=0.008)
and a multivariable predictor of LV remodeling (odds ratio
[OR]: 0.94; 95% confidence interval [CI]: 0.879 to 1.004;
p=0.0159). ACE inhibitors and calcium channel blockers
were also both univariable and multivariable predictors of LV

remodeling.
The baseline, clinical and procedural characteristics of the

study group with blood pressure-matched patients are listed in
Table 4. LV parameters at acute phase and at the 6-month fol-
low-up are summarized in Table 5. EDVI, ESVI, and EF were
similar between the hypertensive group and the normotensive
group both at the acute phase and at 6 months of follow-up.

Table 3. Logistic Regression Analysis of LV Remodeling

Univariable analysis Multivariable analysis

p value p value OR 95% CI

Age 0.597 0.0666 0.94 0.879−1.004
Male gender 0.187 0.1820 0.36 0.079−1.619
Hypertension 0.008 0.0159 5.08 1.355−19.07
Diabetes mellitus 0.482 0.9077 0.94 0.298−2.930
Hyperlipidemia 0.162 0.6532 1.28 0.432−3.820
Current smoker 0.283 0.0599 0.31 0.091−1.050
Anterior wall infarction (lesion located in LAD) 0.908 0.6588 0.76 0.225−2.567
Max serum CK 0.132 0.0539 1.00 1.000−1.001
Time interval (onset to TIMI 3) 0.711 0.4257 0.91 0.719−1.150
ACE inhibitors 0.006 0.0024 0.16 0.047−0.518
β-Blockers 0.242 0.5948 0.58 0.077−4.338
Calcium channel blockers 0.014 0.0496 5.32 1.003−28.20

LV, left ventricular; OR, odds ratio; CI, confidence interval; LAD, left anterior descending coronary artery; CK, creatine kinase; TIMI,
thrombolysis in myocardial infarction; ACE, angiotensin converting enzyme.

Table 4. Baseline Characteristics Comparison with BP-Matched Patients

Normotensive
group

(n=48)

BP-mathched patients
 (hypertensive group)

(n=24)
p value

Age (years) 60.8±9.3 62.8±9.9 0.41
Male (%) 87.5 66.7 0.035
Diabetes mellitus (%) 20.8 33.3 0.25
Hyperlipidemia (%) 43.8 87.5 0.12
Current smoker (%) 52.1 54.2 0.87
Blood pressure (at 6-month follow-up)

Systolic 122±15 128±11 0.08
Diastolic 71±11 76±10 0.11

Lesion location 0.47
RCA (%) 29.1 25.0
LAD (%) 66.7 62.5
LCX (%) 4.2 12.5

Max serum CK (IU/l) 3,949±2,332 3,715±2,377 0.69
TIMI 3 time (h) 4.5±2.2 5.6±2.9 0.11
Medication

ACE inhibitors (%) 47.9 66.7 0.13
β-Blockers (%) 12.5 12.5 1.00
Calcium channel blockers (%) 6.7 29.2 0.008

BP, blood pressure; RCA, right coronary artery; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery;
PTCR, percutaneous transluminal coronary thrombolytic revascularization; CK, creatine kinase; TIMI, thrombolysis in myocardial
infarction; ACE, angiotensin converting enzyme.
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As a result, there were no significant differences between the
hypertensive group with blood pressure-matched patients and
the normotensive group.

Discussion

Hypertension is a well-established risk factor for coronary
artery disease and acute MI (12, 13). Effects of chronic hyper-
tension, which may negatively affect outcomes after acute
MI, include increased coronary vascular resistance, decreased
coronary reserve, pre-existing muscle fiber hyperplasia and
augmented interstitial collagen together with possible alter-
ations in the responsiveness of the coronary vasculature to
vasoactive transmitters (14, 15). Hypertension is also a com-
mon substrate for heart failure (16, 17), which has a high mor-
tality (18). In those with antecedent hypertension, we found
increased LV cavity after MI. Our most important finding is
that hypertension was both a univariable predictor and a mul-
tivariable predictor of LV remodeling. We suppose that the
antecedent hypertension may play an important role in stimu-
lating the LV remodeling after MI.

LV remodeling is a process by which ventricular size,
shape, and function are regulated by mechanical, neurohor-
monal, and genetic factors (19−21). Remodeling may be
physiological and adaptive during normal growth or patho-
logical due to MI, cardiomyopathy, hypertension, or valvular
heart disease. The acute loss of myocardium results in an
abrupt increase in loading conditions that induces a unique
pattern of remodeling involving the infarcted border zone and
remote noninfarcted myocardium. Ventricular remodeling

may continue for weeks or months until the distending forces
are counterbalanced by the tensile strength of the collagen
scar. This balance is determined by the size, location, and
transmurality of the infarct, the extent of myocardial stun-
ning, the patency of the infarct-related artery, local tropic fac-
tors and mechanical stress (19, 20). In this study, the blood
pressure was controlled at under 140/90 mmHg. For 1 week
after acute MI, we kept the blood pressure under 120 mmHg
because we had to prevent cardiac rupture. After discharge,
the blood pressure in antecedent hypertensive patients might
have been higher than that in normotensive patients. This dif-
ference may affect the LV remodeling after MI.

Recent outcome trials have examined and continued to
investigate the benefits associated with different levels of
blood pressure control or have compared several of the
“newer” classes of antihypertensive drugs (22−24). Staessen
et al. performed a meta-regression analysis of 30 clinical tri-
als that included a total of 149,407 patients (25). They based
their analysis on summary statistics reported in the literature,
and showed that blood pressure gradients accounted for most,
if not all, of the differences in outcome in patients with hyper-
tension or patients at high cardiovascular risk. They con-
ducted a study in patients with isolated systolic hypertension
and showed that antihypertensive drug treatment reduced the
risk of stroke and all cardiovascular complications. They
emphasized the desirability of tight blood pressure control.
Thus, to achieve risk reduction in hypertensive patients, we
may have to decrease blood pressure more strictly after MI.

In 1992, with the publication of the Survival and Ventricu-
lar Enlargement (SAVE) trial, angiotensin converting

Table 5. Comparison of EDVI, ESVI, and EF between Baseline and 6-Month Follow-Up with BP-Matched Patients

Normotensive
group

(n=48)

BP-matched patients
(hypertensive group)

(n=24)
p value

EDVI (ml/m2)
Acute phase 69.8±16.1 68.2±17.8 0.70
After 6 months 72.4±16.6 78.4±28.4 0.26
p value 0.27 0.02
Percent change (%) 6.1±21.7 15.1±27.9 0.17

ESVI (ml/m2)
Acute phase 30.3±12.2 26.8±11.0 0.23
After 6 months 28.6±16.4 34.1±21.7 0.28
p value 0.30 0.055
Percent change (%) -3.6±35.4 30.7±63.7 0.02

EF (%)
Acute phase 56.7±14.0 61.3±10.8 0.12
After 6 months 61.9±14.1 58.2±13.6 0.29
p value <0.01 0.21
Percent change (%) 11.9±23.4 -4.3±19.9 0.005

EDVI, left ventricular end-diastolic volume index; ESVI, left ventricular end-systolic volume index; EF, left ventricular ejection frac-
tion; MI, myocardial infarction. Percent change of a value A=100 × (value of A at 6 months after MI - value of A at acute phase) / value
of A at acute phase.
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enzyme (ACE) inhibitors were established as an important
addition to the list of treatments for ST elevation myocardial
infarction (STEMI) (26). The rationale for their use includes
experimental and clinical evidence of a favorable impact on
ventricular remodeling, improvement in hemodynamics, and
reductions in congestive heart failure (27). There is now
unequivocal evidence from randomized, placebo-controlled
mortality trials that ACE inhibitors reduce the rate of mortal-
ity from STEMI. These trials can be grouped into two catego-
ries. The first consists of trials that included only selected
myocardial patients who showed features indicative of
increased mortality, such as LV EF of less than 40%, clinical
signs and symptoms of congestive heart failure (28), anterior
location of infarction (29), and abnormal wall motion score
index (30). The second group consists of unselective trials
that randomized all patients with MI provided they had a min-
imum systolic pressure of approximately 100 mmHg (ISIS-4
(31) , GISSI-3 (28), and CONSENSUS II (32)). A consistent
survival benefit was observed in ISIS-4 and GISSI-3, but not
in CONSENSUS II. In our study, EF was about 60% and the
myocardial damage was small. In this ISIS-4 study, no benefit
was observed in patients without ST elevation. Short-term
ACE inhibition does not appear to confer any benefit for
patients with non-ST elevation myocardial infarction
(NSTEMI). On the other hand, long-term use of ACE inhibi-
tion is beneficial in preventing recurrent ischemic events and
mortality in a broad population of patients now including
those with any evidence of coronary artery disease (33, 34). It
is of note that recurrent MI and the need for revascularization
were reduced with captopril and enalapril in the SAVE (26)
and Studies of Left Ventricular Dysfunction (SOLVD) trials
(35), which has now been confirmed using ramioril and per-
indopril in the Heart Outcomes Prevention Evaluation
(HOPE) (33) and European Trial on Reduction of Cardiac
Events with Perindopril in Stable Coronary Artery Disease
(EUROPA) (34), suggesting an antiischemic effect of this
entire class of agents. However, the PEACE study recently
reached a different conclusion (36). In patients with stable
coronary artery disease and preserved LV function who are
receiving current standard therapy, there is no evidence that
the addition of an ACE inhibitor provides further benefit in
terms of preventing death from cardiovascular causes, MI, or
coronary revascularization. Therefore, it remains a matter of
controversy whether ACE inhibitors should be administered
to patients with acute MI with minimal myocardial damage.

Study Limitations

Because echocardiographic follow-up was not performed
after revascularization, cardiac hypertrophy and cardiac
weights could not be estimated. Both of these parameters are
important in LV remodeling, and echocardiographic exami-
nation is an excellent method to determine the cardiac mor-
phology and function non-invasively and repeatedly. In a
future study, we will try to use echocardiography to examine

the remodeling process more precisely.
In summary, our results showed that antecedent hyperten-

sion may have a deleterious effect on LV remodeling after
MI.
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