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Anginal patients who remain symptomatic despite opti-
mally dosed b blockade may also be given dihydropyr-
idine calcium antagonists. This treatment regimen was
examined in a double-blind parallel, randomized, con-
trolled study in 147 patients with angina and positive
bicycle exercise tests despite optimal b blockade with
atenolol (heart rate at rest <60 beats/min). Patients
were randomized to atenolol and/or placebo (control),
and atenolol and/or amlodipine. The main outcome
measurement was exercise tolerance after 8 weeks com-
pared with baseline. After 8 weeks, no significant dif-
ferences in time to 0.1-mV ST-segment depression, time
to chest pain, and time to end of exercise were ob-
served. The number of patients with chest pain during
exercise decreased significantly in the amlodipine group
(p 5 0.04 vs controls). The subgroup of patients with an

early (<6 minutes) onset of chest pain at baseline
showed a significant increase in time to chest pain after
amlodipine (p 5 0.0001 vs controls). In the amlodipine
group, ST depression and rate–pressure product at sub-
maximum comparable workload decreased to 0.4 mm
(0.56) (p 5 0.03 vs controls) and 1.223 (2.652) beats/
min 3 mm Hg (p 5 0.01 vs controls). The number of
patients in each group with adverse events was not
different. The addition of amlodipine to the treatment of
patients with myocardial ischemia, despite optimal b
blockade, is well tolerated and may lead to improve-
ment in symptomatic anginal patients, who have a rapid
onset of exercise-induced ischemia. Q1998 by Ex-
cerpta Medica, Inc.

(Am J Cardiol 1998;81:128–132)

Beta blockers are the logical therapeutic option in
patients with angina pectoris, because they reduce

myocardial oxygen consumption by their negative
inotropic and negative chronotropic effects. The use
of optimally dosedb blockade is preferred, but is also
limited in anginal patients because of well-known
contraindications forb blockade (i.e., coronary ob-
structive pulmonary disease (COPD), severe conges-
tive heart failure, bradycardia, and/or conduction dis-
turbances), or the occurrence of adverse side effects
(i.e., general fatigue, depression, sleep disturbances,
and sexual dysfunction). Amlodipine is a dihydropyr-
idine calcium antagonist with a high bioavailability, a
slow onset of action, and a long elimination half-life
of about 35 to 50 hours, allowing once daily dosage.1

The combination of dihydropyridines withb blockers
may be an effective approach in the treatment of
angina, aiming at a combination of 2 pharmacologic
goals: reduction in myocardial oxygen consumption
and an increase in myocardial oxygen supply, al-
though there remains some doubt whether the com-

bined therapy with ab blocker and a dihydropyridine
calcium antagonist provides additive benefits in angi-
nal patients who are symptomatic despite optimalb
blockade.2,3 The aim of this study was to compare the
efficacy and safety of the addition of amlodipine to
atenolol, with placebo and atenolol, in patients with
stable but symptomatic angina, despite optimalb
blockade with atenolol.

METHODS
Patients: Patients of both sexes, between 18 and 80

years of age, with typical angina were selected. All
patients had to be treated with atenolol 50 or 100 once
daily for $4 weeks before the start of the study.
Patients were eligible if they had myocardial ischemia
during exercise tests (.0.1-mV ST depression, rela-
tive to baseline, flat or downsloping, measured 0.08
seconds after the J point) within 75% of the predicted
maximum exercise load, with or without development
of chest pain, despite an adequate pharmacodynamic
response tob blockade demonstrated by a heart rate at
rest of,60 beats/min. The protocol was approved by
the ethics committee of all participating hospitals and
was conducted in accordance with the revised Decla-
ration of Helsinki. All patients gave written informed
consent before the study.

Exclusion criteria: The following were the exclusion
criteria: a difference in total exercise duration of
.20% between 2 consecutive tests during the run-in
phase; angina at rest, unstable angina, and congestive
heart failure; a history of intolerance to dihydropyri-
dines; use of drugs, and conditions known to affect the
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interpretation of the electrocardiogram; and use of
long-acting nitrates or other antianginal drugs, includ-
ing all calcium antagonists. Any patient with a cere-
brovascular accident, a coronary artery bypass graft,
or percutaneous transluminal coronary angioplasty in
the previous 6 months were also excluded. Patients
were also excluded if they had supraventricular tachy-
cardia, ventricular tachycardia, or atrial fibrillation.
Patients with uncontrolled hypertension despiteb
blockade (.180/95 mm Hg) or hypotension with a
systolic blood pressure,100 mm Hg were not in-
cluded in the study). Patients with significant liver
disease with bilirubins and/or liver enzymes above the
upper limit of the normal range, a history of alcohol-
ism, drug abuse, or intellectual problems limiting the
ability to comply with the protocol requirements, were
also excluded.

Study design: This study was a double-blind paral-
lel, multicenter comparison of 2 patient groups; those
receiving atenolol and/or placebo (controls), and those
patients receiving atenolol and/or amlodipine. Patients
were randomly allocated to 1 of the 2 study treatments
after a run-in period of 2 to 4 weeks, and then fol-
lowed a double-blind treatment period of 8 weeks.
Treatment allocation was performed with a blinded,
computer-generated randomization list for each cen-
ter. Atenolol was continued at the same dosage (50 or
100 mg). Amlodipine was administered in tablets of 5
or 10 mg. Placebo tablets of the same appearance and
taste were administered. Patients were instructed to
take the study medication between 12A.M. and 2P.M.,
22 to 24 hours before the exercise test. After 4 weeks
of treatment with atenolol and 5-mg amlodipine, or its
matching placebo, dosage was increased to 10-mg
amlodipine or placebo for the last 4 weeks, provided
that there were no side effects. After randomization,
patients were followed after 4 and 8 weeks for a
bicycle exercise test, physical examination, and doc-
umentation of adverse events.

Exercise testing: Exercise testing was performed
twice during the run-in period, and twice during the
double-blind treatment phase, after 4 and 8 weeks.
The results of the second test were used for the base-
line analysis. An electronically braked bicycle er-
gometer was used. The test was started at a workload
of 20 W, and increased by steps of 20 W/min until a
symptom-limited workload was reached. Other crite-
ria for discontinuing the exercise were the develop-
ment of .3-mm ST depression, ST-segment eleva-
tion, an extreme increase or decrease in blood pres-
sure, and the occurrence of sustained arrhythmias.
ST-segment changes were measured from the thoracic
lead recording the greatest depression 80 ms after the
J-point over a period of 3 consecutive beats. The
following variables were recorded from the exercise
test: (1) time until 0.1-mV ST depression, (2) time
until onset of chest pain, (3) total exercise duration,
(4) ST-segment change at maximum workload, (5)
ST-segment change at submaximum comparable
workload, (6) reason for discontinuing the exercise,
(7) a change in blood pressure, and (8) a change in
heart rate (from electrocardiographic recordings). The

results of all exercise tests were analyzed by cardiol-
ogists who were blinded to treatment assignment.

Clinical assessments: A physical examination, in-
cluding a 12-lead electrocardiogram at rest, was per-
formed during the run-in period, at randomization, and
after 4 and 8 weeks of treatment. Adverse events,
reported spontaneously and after active questioning,
were registered at each visit.

Statistical analysis: The primary end point of the
study was based on exercise tolerance data as assessed
by time to 0.1-mV ST-segment depression, time to
chest pain, and time to end of exercise. Secondary end
points consisted of other exercise test parameters,
including heart rate, blood pressure, and rate–pressure
product at submaximum comparable and maximum
exercise levels. The submaximum comparable exer-
cise level was defined as the next to highest exercise
level achieved, provided that this level was achieved
before and after treatment. If during the exercise tests
at 4 and 8 weeks no ST-segment depression occurred,
the missing value for time to 1-mm ST depression was
replaced by time to end of exercise. In patients with-
out chest pain during exercise tests, the missing value
for time to chest pain was also replaced by time to end
of exercise. Time to onset of chest pain was also
analyzed for the subgroup of patients that actually
experienced chest pain at baseline. Treatment group
comparisons with respect to time to onset of chest pain
and time to 1-mm ST depression were performed
using a log-rank test. Because these variables are
subject to censorship either at baseline or at the end of
treatment evaluation, the log-rank test, which takes
into account censoring, is more appropriate than the
Student’st test. Other exercise test parameters and
vital signs were analyzed using the Wilcoxon rank-
sum test. Because of violations of model assumptions,
the usual analysis of variance could not be performed
on most of these variables. A Pearson chi-squared test
was applied to compare treatment groups with respect
to binary variables, including incidence of adverse
events and frequency of chest pain. The Wilcoxon
signed-rank test was used for within-group compari-
sons. An exploratory analysis of time to onset of chest
pain using the Cox proportional hazards model indi-
cated the presence of a significant treatment-by-base-
line interaction. Subsequent analyses were, therefore,
performed for subgroups defined by,6 and.6 min-
utes for time to onset of chest pain. All analyses were
performed on an intention-to-treat basis, although 1
patient in each treatment group was excluded because
they discontinued therapy early and had no follow-up
data. A p value ,0.05 was considered statistically
significant.

RESULTS
Study patients: There were 147 patients randomized

into the study: 72 in the amlodipine group and 75 in
the placebo group. Clinical and demographic charac-
teristics revealed no meaningful differences between
the groups at baseline (Table I). There were 2 early
dropouts, 1 because of flushes and heat sensation after
8 days on amlodipine, and 1 because of dizziness after
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5 days on placebo. These 2 patients were only ana-
lyzed for adverse events and safety parameters, be-
cause exercise tests were not available apart from
baseline. The analysis pertains thus to 71 patients in
the amlodipine group and 74 patients in the placebo
group.

Primary efficacy parameters: The changes in time to
0.1-mV ST-segment depression, time to chest pain,
and time to end of exercise did not differ significantly
between the treatment groups (Table II). The apparent
improvement (p5 0.055) in time to chest pain was
further explored, revealing the presence of a signifi-
cant (p 5 0.018) treatment-by-baseline interaction
(Table III). In patients with a time to chest pain of,6
minutes at baseline, amlodipine treatment resulted in a
significant increase in time to chest pain, compared
with placebo (mean change136 (650) seconds in the
amlodipine group;119 (644) seconds in the placebo
group, p 5 0.0001). This was not observed in the
patient group with a time to chest pain of.6 minutes
at baseline (mean change16 (663) seconds vs15

(640) seconds, p5 0.85). Overall, an earlier onset of
chest pain at baseline was observed in older patients
(p 5 0.002), women (p5 0.001), patients with a
longer history of angina (p5 0.04), patients with
diabetes mellitus (p5 0.04), and patients with higher
systolic blood pressures (p5 0.001) and diastolic
blood pressures (p5 0.002).

Secondary efficacy parameters: At the submaxi-
mum comparable workload, a significant decrease was
observed in the amlodipine group, if compared with
the placebo group, in ST-segment depression (p5
0.03), systolic blood pressure (p5 0.004), and rate–
pressure product (p5 0.01). At baseline, chest pain
during exercise was apparent in 65% of the patients
(46 of 71) in the amlodipine group, and in 55% in the
placebo group (41 of 74). In the amlodipine group,
67% of the patients (31 of 46) developed chest pain
within 6 minutes of exercise and 33% after.6 min-
utes (15 of 46). In the placebo group these proportions
were not significantly different; 78% (32 of 41) and
22% (9 of 41), respectively. The number of patients
with chest pain during exercise changed significantly
between the treatment groups, decreasing from 46
(65%) at baseline to 34 (48%) at the final exercise test
in the amlodipine group, and increasing from 41
(55%) to 48 (65%) in the placebo group (p5 0.04).

Adverse events: A dose increase from 5 to 10 mg/
day after 4 weeks was possible in 66 patients (92%) in
the amlodipine group, and in 71 patients (94%) in the
placebo group. Four patients discontinued treatment: 2
patients dropped out at an early stage, 1 on placebo, 1
on amlodipine; 2 patients dropped out late in the study
(1 amlodipine patient due to preexisting retinal prob-
lems and 1 placebo patient due to constipation). Thir-
ty-nine percent of the amlodipine patients and 27% of
the placebo patients (p5 0.36) experienced adverse
events that were nearly all mild or moderate in inten-
sity. The most frequent events in the amlodipine pa-
tients were pedal edema (18%), dizziness (8%), and
flushing (6%); the placebo patients experienced head-
ache (12%), dizziness (7%), and fatigue (4%). There
were no statistically significant differences between
the groups. Overall, the laboratory findings and 12-
lead electrocardiographic results were unremarkable.

DISCUSSION
The anti-ischemic complementary effects of dihy-

dropyridines andb blockers have been studied exten-
sively, both in symptomatic and asymptomatic pa-
tients, but the results are inconclusive.4–11 When con-
sidering patients already on a single agent, the sample
size to demonstrate benefit of a second agent has to be
large and many of the earlier studies on the use of
dihydropyridines in patients onb blockers could not,
based on their sample size, exclude a type II statistical
error.11 Furthermore, combination of antianginal
agents is only relevant in patients whose symptoms
persist, despite optimal therapy with 1 drug.2

This study was designed to assess whether amlo-
dipine would be beneficial and safe in a large group of
patients with a relatively rapid onset of myocardial
ischemia (,75% of predicted workload), despite op-

TABLE I Patient Demographics

Amlodipine 1
Atenolol

Placebo 1
Atenolol

No. of patients 72 75
Mean age (yr) [range] 61 [46–78] 61 [42–76]
Sex (M/F) 61/11 64/11
Mean duration of angina (yrs)

[range]
5.4 [0.2–27] 6.7 [0.3–34]

History of
Hypertension 20 (28) 23 (31)
Diabetes mellitus 7 (10) 4 (5)
Hypercholesterolemia 33 (46) 32 (43)
Past smoker 39 (54) 44 (59)
Present smoker 11 (15) 11 (15)
Total history of smokers 50 (69) 55 (73)
Myocardial infarction 29 (40) 34 (45)
CABG/PTCA 19 (26) 22 (29)

Exercise results at baseline (s)
Time to 0.1-mV ST
depression

277 6 70.2 278 6 88.8

Time to chest pain 359 6 100.1 353 6 110.7
Exercise duration 399 6 92.2 397 6 96.1

Data are expressed as numbers of patients (%) or mean 6 SD.
Patient demographics at baseline. No meaningful differences between the

groups.
CABG 5 coronary artery bypass graft; PTCA 5 percutaneous transluminal

coronary angioplasty.

TABLE II Changes in Primary Efficacy Parameters After
Treatment

Change in time to (s)

Amlodipine 1
Atenolol
(n 5 71)

Placebo 1
Atenolol
(n 5 74) p Value

0.1-mV ST-depression 43 6 51 31 6 53 0.600
Onset of chest pain 23 6 58 13 6 43 0.055
End of exercise 18 6 38 7 6 31 0.280

Data are expressed as mean 6 SD.
Baseline to final visit between-group comparisons of primary efficacy pa-

rameters; p values are based on log-rank test for time to onset of events. No
significant differences between the groups.
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timal b blockade (heart rate at rest,60%). These
strict prerequisites for eligibility have not always been
used in other studies where dihydropyridines were
combined withb blockers,6,8,11,12and may have re-
sulted in the inclusion of a number of patients with
remaining ischemia because of lack ofb-blocker treat-
ment. A beneficial outcome of the addition of a second
antianginal agent is then easily demonstrated, whereas
the potential for improvement in patients on pharma-
codynamic optimalb blockade is clearly decreased.13

The primary efficacy parameters, time until
0.1-mV ST depression, time until onset of chest pain,
and time until end of exercise, demonstrated numeri-
cal but not statistical significance, especially with re-
gard to the onset of chest pain (p5 0.055). The
subgroup of patients with onset of chest pain,6
minutes attained statistically significant improvement
with amlodipine. Because angina is the primary cause
of reduced exercise tolerance in patients with ische-
mia, these findings are probably based on that there
was a much higher proportion of patients with anginal
pain during exercise in the subgroups with an onset of
chest pain,6 minutes. Amlodipine improved exer-
cise tolerance in patients with angina during exercise
(symptomatic ischemia), but not in the patients with
silent ischemia. The significant difference in age and
sex (elderly and women) between the subgroups can
be simply explained by the fact that exercise tolerance
is determined by age and sex. The other differences
(diabetes mellitus, hypertension, and duration of an-
gina) reflect the risk factors that are known to be
related to the seriousness of coronary artery disease.

The analysis of ischemia and hemodynamics at the
same submaximum exercise level before and after
treatment is of interest because it gives insight into the
efficacy of an antianginal drug at the same physiologic
conditions before and after therapy, at a level compa-
rable with nonexhausting, but nevertheless, strenuous
daily activities. The significant decrease of myocardial
ischemia at this exercise level seems to be the result of
amlodipine’s vasodilating effect, as demonstrated by
the concomitant reduction in blood pressure and rate–
pressure product.

The results of this study agree with other studies
that analyzed the effects of the addition of amlodipine
to ab blocker in smaller patient populations.12–14Four
studies performed in comparable large patient popu-
lations with stable angina using amlodipine4,8 and

nifedipine17,18in addition tob block-
ade are of special interest. The Ca-
nadian Amlodipine/Atenolol in Si-
lent Ischemia Study (CASIS)4 sup-
ported the added beneficial effects of
amlodipine on exercise and Holter
parameters when combined with
atenolol. In a parallel study in 134
patients,8 amlodipine at 2.5-, 5-, and
10-mg doses added tob blockade
resulted in a significant increase in
exercise duration, but rate–pressure
product and time to ST depression
was not different from placebo. The

International Multicenter Angina Exercise (IMAGE)
study15,16 showed an increase in exercise tolerance
after combination therapy of nifedipine and metopro-
lol when compared with metoprolol monotherapy; this
was not the result of the addition of nifedipine, but
caused by the recruitment by the calcium antagonist in
patients not responding to metoprolol. The Total Isch-
aemic Burden European Trial (TIBET)17,18 did not
show significant differences between combination
therapy of nifedipine and atenolol, and atenolol mono-
therapy, although a trend in favor of the combination
treatment was found. The results of well-conducted
studies performed in large patient populations demon-
strate a slight and not very substantial advantage of the
addition of dihydropyridines to optimalb-blockade
monotherapy.

Safety aspects: This study resulted in 142 patient
months of amlodipine drug exposure, leading to
only 1 treatment-related withdrawal. Furthermore,
there were no serious treatment-related adverse
events. It should be noted that it is likely that
adverse events related to the vasodilating properties
of amlodipine may have been blunted by the con-
comitantb blockade.

Study limitations: A prerequisite for randomization
was ischemia (ST depression) despite optimalb
blockade, defined in terms of heart rate and ischemia
during exercise. This resulted in the inclusion of pa-
tients with a relatively low duration of exercise and a
swift onset of ST depression, if compared with other
recent studies,8,11,17 evidenced by the baseline mean
time to onset of ischemia of only 280 seconds. On the
other hand, the pharmacodynamically effectiveb
blockade obviously resulted in a selection of patients
with documented ischemia during exercise, but who
had relatively mild symptoms, evidenced by the fact
that about 1/3 of the patients did not experience chest
pain during the baseline exercise tests. A different
result might be obtained in anginal patients with other
characteristics.
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