
The results of this study as well as studies that
examined the frequency of cardiac events as a
function of time of year1–3 suggest that there are
seasonal variations in the susceptibility of the heart
to the development of the cardiac events. Our
study suggests that the amount of cardiac damage

with the event may vary by seasons. For reasons
that remain to be fully elucidated, myocardial in-
farct size in both the prethrombolytic era and
thrombolytic era is smaller during the summer.
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Left ventricular hypertrophy (LVH) is strongly as-
sociated with cardiovascular (mainly coronary)

morbidity and mortality, independent of blood pres-
sure.1–4 The prognostic implication of LVH in survi-
vors of acute myocardial infarction (AMI) has been
the subject of several studies, yielding contradictory
results.5–10 Although the Coronary Drug Project failed
to present electrocardiographic voltage criteria of
LVH as an independent risk factor for increased mor-
tality after AMI,5 more recent studies have demon-
strated electrocardiography (ECG)-LVH to be an in-
dependent prognostic factor.6–10 The significance of
ECG-LVH after reperfusion therapy has not been as-
sessed. We used the extensive database created for the
Argatroban vs Heparin as Adjunctive Therapy to
rt-PA or Streptokinase in patients with AMI
(ARGAMI-2) study to determine the outcome of pa-

tients with AMI receiving thrombolytic therapy with
electrocardiographic criteria of LVH.

• • •
The study was a randomized, double-blind, 3-arm,

parallel trial comparing 2 dosages of argatroban with
intravenous heparin, conducted between December
1995 and March 1997 in 25 centers in Israel. In all,
1,200 patients with ST-elevation AMI were included
in the trial. Patients were randomized to receive either
streptokinase (1.5 million U over 1 hour) or acceler-
ated weight-adjusted tissue-type plasminogen activa-
tor (maximum 100 mg). Blinded therapy with heparin
or argatroban was continued for 72 hours, and all
patients received aspirin 160 to 325 mg/day. Addi-
tional therapy was individualized at the discretion of
the attending physician. The trial demonstrated a lack
of efficacy for the low-dose argatroban arm, whereas
both high-dose argatroban and heparin were equally
effective for the trial’s primary composite end points
(cardiac death, recurrent infarction, stroke, new onset
of severe congestive heart failure, cardiogenic shock,
or the need for revascularization procedures at 30
days).

From The Heart Institute, Sheba Medical Center, Tel Hashomer; and
Sackler School of Medicine, University of Tel Aviv, Tel Aviv, Israel. Dr.
Freimark’s address is: Heart Institute, Sheba Medical Center, 52621
Tel Hashomer, Israel. E-mail: freimark@netvision.net.il. Manuscript re-
ceived January 26, 2001; revised manuscript received and accepted
June 21, 2001.

TABLE 4 Clinical Events by Seasons

MILIS TIMI

In-hospital deaths
Winter 7.6% 2.8%
Spring 7.9% 6.7%
Summer 8.5% 5.5%
Autumn 8.0% 7.1%
Year round 8.0% 5.5%

Reinfarction
Winter 7.7% 0.9%
Spring 9.3% 7.8%
Summer 5.8% 8.8%
Autumn 6.9% 7.9%
Year round 7.4% 6.2%

Congestive heart failure
Winter 7.6% 1.9%
Spring 13.7% 3.3%
Summer 11.2% 5.5%
Autumn 8.7% 4.7%
Year round 10.2% 3.8%

1024 ©2001 by Excerpta Medica, Inc. All rights reserved. 0002-9149/01/$–see front matter
The American Journal of Cardiology Vol. 88 November 1, 2001 PII S0002-9149(01)01982-8



Baseline electrocardiograms were read and coded
according to the Minnesota code.11 ECG-LVH was
defined according to the Sokolow-Lyon criteria (e.g.,
S amplitude in lead V1 plus either R amplitude in
V5 or V6, �35 mm, and/or R amplitude in aVL �11
mm.12

The following hospital events were recorded: in-
hospital death, recurrent MI, recurrent cardiac isch-
emia (defined as ischemic-type chest discomfort with
or without accompanying electrocardiographic chang-
es), revascularization procedures, arrhythmias (atrial
fibrillation, high-degree atrioventricular block, sus-
tained ventricular tachycardia/fibrillation), major
bleeding (defined as intracranial bleeding or bleeding
that caused hemodynamic compromise requiring in-
tervention, including blood or fluid replacement, ino-
tropic support, surgical repair, or bleeding resulting in
death), minor bleeding (any type of bleeding not clas-
sified as major bleeding), or disabling stroke.

Follow-up data were obtained by direct interviews
at the cardiac outpatient clinic at each hospital or by
telephone contact with the patients, their families,
and/or their referring physicians. Data on mortality
during the 1-year follow-up period was obtained from
the Israeli Ministry of Interior. The primary end point
was mortality at 7 days, 30 days, and 1 year.

Continuous variables are described as mean � SD.
Comparisons between groups were made by unpaired
t tests for continuous variables, chi-square test, and
Fisher’s exact test for categorical variables. Multivar-
iate logistic regression was used to assess the prog-

nostic value of baseline parameters
at 7-day, 30-day, and 1-year mortal-
ity. The multivariate model included
age, past AMI, diabetes mellitus,
Killip class �2, medical therapy
with angiotensin-converting enzyme
inhibitors, � blockers, aspirin, and
evidence of ECG-LVH.

From the 1,200 patients who were
included in the ARGAMI-2 study, 26
patients were excluded due to con-
duction defects including Wolff-Par-
kinson-White abnormality and com-
plete left or right bundle branch
block. From a total of 1,174 patients
who were included in the analysis,
95 (8.1%) met the criteria for ECG-
LVH. Follow-up information was
available for all patients at 7 and 30
days, and for 1,165 patients at 1 year

(99%).
Patients without LVH were younger and had a

higher prevalence of diabetes mellitus and hypercho-
lesterolemia, whereas those with LVH had a higher
rate of hypertension. Otherwise, there was no signif-
icant difference between the 2 groups with regard to
demographic data, cardiac history, infarct location,
Killip class on admission, or the mean time from
symptom onset to reperfusion therapy (Table 1). Med-
ical management with � blockers, diuretics, and aspi-
rin was similar in the 2 groups, whereas nitrates and
angiotensin-converting enzyme inhibitors were pre-
scribed more frequently to patients with than without
electrocardiographic evidence of LVH (Table 2).

Patients with ECG-LVH had a less eventful in-
hospital course, with a lower incidence of mortality,
nonfatal reinfarction, malignant arrhythmia, heart fail-
ure, and/or cardiogenic shock (12% vs 19%, p � 0.08)
(Table 3). Although at 7 days patients with LVH-ECG
had lower, although not statistically significant, mor-
tality (3% vs 5%, p � 0.38, odds ratio 0.45, 95%
confidence intervals [CI] 0.12 to 1.79), at 30 days,
mortality was 8% and 6%, respectively (p � 0.33,
odds ratio 1.43, 95% CI 0.6 to 3.3). At 1 year follow-
up, LVH-ECG was associated with significantly
higher mortality (16% vs 8%, p � 0.014) and re-
mained an independent predictor of mortality after
adjustment for differences in clinical characteristics
(Table 1) and drug therapy (Table 2) (odds ratio 1.96,
95% CI 0.97 to 3.78).

• • •
Our data demonstrate that the presence of ECG-

LVH by R-wave amplitude according to the Sokolow-
Lyon criteria has short- and long-term prognostic im-
plications for patients with AMI receiving intravenous
thrombolytic reperfusion therapy. We found that AMI
patients with evidence of LVH were at a significantly
greater risk of death at 1 year than patients without
LVH. The increased risk was independent of other
predictors of mortality in patients with AMI, such as
age, prior MI, diabetes mellitus, Killip class on ad-
mission, and medical therapy. Of particular interest is

TABLE 1 Baseline Characteristics of the Study Population

LVH
(n � 95)

Non-LVH
(n � 1,079) p Value

Age (yrs) (mean � SD) 63 � 12 58 � 12 0.001
Women 22 (23%) 178 (17%) 0.098
Smoking 35 (37%) 506 (47%) 0.059
Hypercholesterolemia* 20 (21%) 337 (31%) 0.039
Systemic hypertension 52 (55%) 335 (31%) �0.001
Diabetes mellitus 12 (13%) 234 (22%) 0.038
Family history of coronary artery disease 14 (15%) 211 (20%) 0.25
Prior AMT 15 (15%) 129 (12%) 0.27
Prior revascularization 5 (5%) 60 (6%) 0.80
Congestive heart failure 0 (0) 9 (1%) 0.37
Killip class �2 12 (13%) 97 (9%) 0.24
Anterior wall 42 (44%) 459 (43%) 0.75
Time to treatment (h)† 3.1 � 1.4 3.4 � 1.4 0.02

*Hypercholesteronemia is defined as total cholesterol �200 mg/dl.
†Mean hours from onset of chest pain to beginning of thrombolytic therapy.

TABLE 2 Drug Therapy During Hospitalization

Medications
LVH

(n � 95)
Non-LVH

(n � 1,079) p Value

� blockers 60 (63%) 713 (66%) 0.56
ACE inhibitors 59 (62%) 502 (47%) 0.003
Nitrates 83 (87%) 825 (77%) 0.014
Diuretics 33 (35%) 318 (30%) 0.28
Aspirin 94 (99%) 1067 (99%) 0.96

ACE � angiotensin-converting enzyme inhibitors.
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the fact that patients with LVH were younger and
more likely to be treated with angiotensin-converting
enzyme inhibitors, 2 markers that are strong predictors
of better survival in patients with coronary artery
disease. Previous studies demonstrated conflicting re-
sults on the long-term prognostic implications of LVH
in survivors of AMI. Of the 2,760 survivors of AMI
randomized into the placebo-treated group of the Cor-
onary Drug Project, ECG-LVH patients had a 3-year
mortality rate, almost twice that of non–ECG-LVH
patients. Although multivariate analysis failed to
present electrocardiographic voltage criteria of LVH
after AMI as an independent risk factor,5 other studies
have demonstrated that ECG-LVH carries an indepen-
dent risk in patients surviving AMI. In the presence of
a Q wave on the electrocardiogram, the coexistence of
LVH carried a higher and independent risk for subse-
quent events in the Framingham cohort.6 The presence
of ECG-LVH also demonstrated a double risk for
reinfarction and mortality in patients after non–Q-
wave infarction.7 In 4,808 hospital survivors of ST-
segment elevation AMI from the Secondary Preven-
tion of Reinfarction Israeli Nifedipine Trial database,8

the prevalence of ECG-LVH was 4.4%. The 1- and
5-year mortality rates were significantly increased in
patients with ECG-LVH compared with non–LVH-
AMI patients. Multivariate analysis still maintained
ECG-LVH as an independent risk for 1- and 5- year
mortality.8,9 In a more recent trial, in which ECG-
LVH was diagnosed according to Sokolow and Lyon
criteria, no relation was found between the presence of
LVH on early post-AMI electrocardiograms and in-
hospital or postdischarge 1-year mortality. However,
multivariate analysis revealed that evidence of LVH
on a pre-AMI electrocardiogram and acute congestive

heart failure were independent pre-
dictors of cardiac death within 1 year
of AMI in patients �70 years of
age.10 Although previous trials were
performed in a population in which
initial medical treatment was nonuni-
form and reperfusion therapy was
not necessarily administered, we
demonstrated that in a patient popu-
lation receiving thrombolytic ther-
apy, the presence of ECG-LVH iden-
tifies a subgroup of post-AMI pa-
tients with a worse long-term
prognosis.

In conclusion, we have demon-
strated that ECG-LVH is a prog-
nostic tool for detecting the short-
and long-term outcome of patients
with AMI receiving thrombolytic
therapy. AMI patients with ECG-

LVH should be identified and treated as a high-risk
population, even after a relatively benign hospital
course.
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TABLE 3 In-hospital Events and Mortality Rates

LVH
(n � 95)

Non-LVH
(n - 1,079) p Value

Primary end points
Mortality at 7 d 3 (3%) 56 (5%) 0.40
Mortality at 30 d 8 (8%) 64 (6%) 0.33
Mortality at 1 yr 15 (16%) 90 (8%) 0.014

Secondary end points
Recurrent AMI 0 (0%) 22 (2%) 0.160
Stroke 1 (1%) 6 (1%) 0.55
Congestive heart failure 1 (1) 23 (2%) 0.48
Coronary angiography 33 (35%) 446 (41%) 0.21
Revascularization procedures* 20 (20%) 303 (28%) 0.14
High-degree atrioventricular block 4 (4%) 48 (4%) 0.91
Sustained ventricular tachycardia/fibrillation 8 (8%) 125 (12%) 0.35
Shock 0 (0%) 18 (2%) 0.20
Atrial fibrillation 5 (5%) 44 (4%) 0.57

Duration of hospitalization (mean d, and range) 12 (4–46) 9.1 (3–21) 0.11

*Revascularization procedures included percutaneous coronary interventions and coronary artery
bypass surgery.
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