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The antianginal efficacy and tolerability of amlodipine
and diltiazem were compared in a double-blind ran-
domized trial of 97 patients with angina resistant to
atenolol alone. Both amlodipine and diltiazem signif-
icantly reduced the frequency of angina attacks (p
<0.001) and glyceryl trinitrate consumption (p <0.05
to p <0.01). During Holter monitoring, both treat-
ments reduced the overall frequency of ambulatory
myocardial ischemia, although changes did not reach
statistical significance. Exercise test parameters (total
exercise time, time to angina, time to ST depression,
and maximum ST depression) tended to improve with
both treatments, but changes did not achieve statisti-
cal significance relative to baseline or to each other.

Both drugs were generally well tolerated. Adverse
events occurred in 15 patients in the amlodipine
group (30%) and in 17 patients in the diltiazem group
(36%), but patients taking diltiazem reported almost
twice as many adverse events (30) patients taking
amlodipine (18). Quality of life, as assessed by total
Nottingham Health Profile Scores, was not signifi-
cantly different between treatments. The addition of
either once-daily amlodipine or twice-daily sustained
release diltiazem improved symptoms in patients with
angina resistant to atenolol alone, but diltiazem was
associated with more frequent and more serious ad-
verse events. Q1998 by Excerpta Medica, Inc.

(Am J Cardiol 1998;81:133–136)

Patients whose angina symptoms persist despiteb
blockade benefit from additional treatment with

amlodipine1 or diltiazem,2 but no direct comparison of
their effects in this situation has been made. The
negative chronotropy of diltiazem adds to its antian-
ginal efficacy, but a further reduction in heart rate in
b-blocked patients may induce symptomatic bradycar-
dia, thereby replacing limitation by angina with limi-
tation by fatigue. Amlodipine is free of these effects
because of its greater selectivity for vascular smooth
muscle over nodal and contractile cardiac tissues. Be-
cause these pharmacologic differences between dilti-
azem and amlodipine could be clinically important in
b-blocked patients, we have compared amlodipine
with diltiazem when added to atenolol in patients with
stable angina pectoris.

METHODS
Study design: This was a multicenter, randomized,

double-blind, parallel group study. Patients who had a
positive exercise test result at screening received pla-
cebo plus atenolol (50 mg/day, single-blind), together
with sublingual glyceryl trinitrate as required, for 2
weeks, followed by a further exercise test. If the time
to angina was not reproducible to within 15% of the
earlier measurement, placebo and atenolol were ad-
ministered for a further week, when a third exercise

test was performed. If this test did not produce a result
consistent with the earlier test, the patient was ex-
cluded from the study. The final exercise test before
entry served as the baseline for efficacy evaluation.

Patients were randomized to receive 4 weeks of
either amlodipine (5 mg once daily) and diltiazem
placebo, or diltiazem (90 mg twice daily) and amlo-
dipine placebo (once-daily diltiazem preparations
were not licensed in the U.K. when the study protocol
was designed). If angina was still present after 4
weeks of treatment, the dosage was doubled for a
further 4 weeks, unless precluded by adverse events.

Patients: Patients provided informed consent and
had coronary artery narrowing (70% diameter stenosis
of a major epicardial artery on angiogram) or docu-
mented Q-wave myocardial infarction, stable angina
pectoris ($1 attack of angina per week despiteb
blockade), and a positive exercise test result (1.5-mm
ST-segment depression measured 80 ms beyond the J
point, within 9 minutes of starting the test).

Assessments: Efficacy measurements were obtained
at the highest dose during study treatment in each
patient. At baseline, and at subsequent visits, patients
received a diary card to record the onset and duration
of angina attacks and glyceryl trinitrate consumption.
Ambulatory ST-segment (Holter) monitoring (anterior
lead CM5 and a modified inferior lead3) was per-
formed for 48 hours at entry to the study and after
double-blind treatment. Tapes were analyzed using a
Reynolds Pathfinder 3 analyzer (Hertford, United
Kingdom), and all print-outs were at 25 mm/s. Sig-
nificant ST-segment depression was defined as planar
or downsloping ST-segment shift of.1 mm measured
0.08 second after the J point that persisted for.1
minute. Episodes were considered distinct if separated
by .1 minute. All patients were encouraged to con-
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tinue their normal daily activities during the period of
monitoring.

Exercise testing was performed using the Bruce
protocol,4 at about the same time of day,$2 hours
after the previous meal, and before the morning dose
of therapy. Patients walked on a treadmill until they
were limited by angina, physical exhaustion, or dys-
pnea. A 12-lead electrocardiogram and vital signs
were recorded during each stage of the exercise, at
peak exercise, and until full recovery. Time to onset of
angina, time to 1-mm ST-segment depression, maxi-
mum ST depression, and total exercise time were
recorded, in addition to the reason for stopping exer-
cise.

Patients completed the Nottingham Health Profile
(a quality-of-life questionnaire) at entry into the study,
during the placebo run-in, and after 4 and 8 weeks of
double-blind treatment. Sitting heart rate and blood
pressure were measured at screening, on entry to the
study, and after 4 and 8 weeks of active treatment.

Statistical analysis: All patients randomized to dou-
ble-blind treatment were included in the intention-to-
treat analysis. When patients did not complete study
treatment, the latest measurements obtained were used
on a last-observation carried-forward basis. Results
are presented as mean6 SD. Changes in Holter mon-
itoring parameters, the frequency of angina attacks,
glyceryl trinitrate consumption, and Nottingham
Health Profile scores were assessed using van Eltern’s
test, with ‘‘center’’ as the stratifying variable.
Changes in exercise test parameters, blood pressure,
and heart rate were assessed using an analysis of
covariance with baseline measurements as covariate.
The level of statistical significance was taken as p
,0.05.

RESULTS
Patients: Of 109 patients screened, 97 were ran-

domized, received study medication, and were in-
cluded in the intention-to-treat analysis. Patients were
well matched for demographic variables and mean
duration of angina. Similar numbers in each group had
$70% occlusion of$1 coronary artery as demon-
strated by an angiogram, or had a history of Q-wave
myocardial infarction (Table I).

All patients were receiving at least 1 pharmaco-
logic treatment for angina, including ab blocker,
before the study. Thirty-five patients in the amlodipine
group and 40 patients in the diltiazem group were
receiving glyceryl trinitrate before the trial. The cor-
responding figures for aspirin use were 36 patients
(amlodipine) and 40 patients (diltiazem).

Six patients in the amlodipine group and 10 in the
diltiazem group withdrew prematurely owing to non-
compliance with the study protocol (2 patients in the
amlodipine group), adverse events (2 patients in the
amlodipine group, 7 patients in the diltiazem group),
scheduling of elective revascularization procedures
during the study (2 patients in each group), and with-
drawal of consent (1 patient in the diltiazem group).

Efficacy: Amlodipine and diltiazem reduced (p
,0.001) the frequency of angina attacks and glyceryl
trinitrate consumption to a similar extent (Figure 1).

The average frequencies of ischemic episodes dur-
ing 24-hour ambulatory monitoring were 1.26 1.7/
day and 1.96 5.7/day in the amlodipine and diltiazem
group at baseline, respectively. Amlodipine and dilti-
azem reduced this frequency by an average of 0.26
1.1/day and 1.16 5.7/day, respectively. There was a
trend (p5 0.09) toward fewer painful ischemic epi-
sodes with amlodipine (0.26 0.1/day to 0.16 0.04/
day), but not with diltiazem (0.16 0.1/day in each
case). The total duration of ST depression in a 24-hour
period was also reduced with amlodipine, by 6.26
43.5 seconds from a baseline of 27.96 4.7 seconds;
with diltiazem, ST depression was reduced by 9.66
48.1 seconds from a baseline of 25.26 49.4 seconds.
Changes in Holter monitoring parameters did not
achieve statistical significance.

Mean total exercise times were increased by 316
86 seconds (baseline 3786 116) after amlodipine
treatment, and by 416 70 seconds (baseline 3416
91) after diltiazem. Amlodipine and diltiazem in-
creased the time to onset of angina, by 366 71 and
16 6 91 seconds, from baseline values of 2906 92
and 2816 92 seconds, respectively. The time to$1
mm ST depression was reduced by 366 72 seconds
(baseline 2736 97) in the amlodipine group, and by
37 6 64 seconds (baseline 2446 95) in the diltiazem
group. The extent of ST-segment depression de-
creased with amlodipine (from 2.16 0.7 to 1.86 0.8
mm) and with diltiazem (from 2.26 0.7 to 2.06 1.0
mm). Changes in exercise test parameters did not
reach statistical significance.

Neither treatment reduced total Nottingham Health
Profile Scores significantly, although a reduction in
total score following diltiazem treatment approached
statistical significance relative to baseline (p5 0.052).

Hemodynamics: Amlodipine reduced systolic blood
pressure by 46 11 mm Hg and diastolic blood pres-
sure by 46 7 mm Hg from baseline values of 1296
14 and 806 7 mm Hg, respectively. Diltiazem re-
duced systolic blood pressure by 26 16 mm Hg and
diastolic blood pressure by 36 9 mm Hg from base-
line values of 1346 18 and 816 11 mm Hg,
respectively. Neither drug affected heart rate signifi-
cantly (mean heart rate with amlodipine was 62 beats/

TABLE I Patient Demographics: Intention-to-Treat Group

Amlodipine
(n 5 47)

Diltiazem
(n 5 50)

Men:women 42:5 45:5
Caucasian:Asian 43:4 49:1
Age (yr)

Mean 58 58
Range 39–75 37–80

Mean duration of angina (yr) 3.6 4.1
$70% coronary occlusion on angiogram 41 39
Previous Q-wave myocardial infarction 13 18
Time to 1-mm ST depression during

baseline exercise test
Mean 273 244
Range 100–600 89–458

Diagnosed as hypertensive before study 3 5
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min before and after treatment; and with diltiazem it
was 61 beats/min before and 59 beats/min after treat-
ment).

Tolerability: The mean duration of treatment was 54
days in each treatment group; 65% of patients in the
amlodipine group, and 69% of patients in the dilti-
azem group progressed on to the higher dose of study
medication. Adverse events in 3 of the 7 diltiazem
patients withdrawn prematurely from the study were
considered to be treatment related. One patient had
syncope (rated as ‘‘severe’’), a second had bradycar-
dia plus atrial fibrillation (both rated as ‘‘severe’’),
and a third had ‘‘moderate’’ headache plus ‘‘mild’’
hypotension. Of the 2 withdrawals from the amlodip-
ine group for adverse events, 1 was considered related
to treatment (mild chest pain).

The incidences of all adverse events possibly re-
lated to treatment are shown in Table II. Fifteen pa-
tients in the diltiazem group reported a total of 30
adverse events: 8 patients receiving 180 mg/day of
diltiazem reported a total of 16 adverse events,
whereas 7 patients receiving 360 mg/day reported 14
adverse events. Seventeen patients in the amlodipine
group reported a total of 18 adverse events: 6 adverse
events occurred in 5 patients receiving 5 mg of am-
lodipine, whereas 10 adverse events occurred in 10
patients receiving the 10-mg dose (a further 2 patients
reported adverse events before the start of active treat-
ment). Five severe adverse events occurred in the
diltiazem group: syncope, atrial fibrillation, and bra-
dycardia, and 2 patients developed severe edema with
amlodipine, which did not lead to withdrawal of treat-
ment.

DISCUSSION
Our study concurs with previous reports of ob-

jective improvements in exercise parameters in pa-
tients with angina, when either amlodipine or dilti-
azem is added to ab blocker. Previous studies have
indicated that overall exercise performance was al-
tered little by the addition of diltiazem to ab
blocker despite improved time to ischemia.5,6 This
disparity was not evident in this study (time to
ischemia115%, total exercise time112%), sug-

gesting that in our study fatigue did not replace
angina as the limiting symptom during exercise
testing in patients receiving the diltiazem/atenolol
combination, perhaps because the incidence of bra-
dycardia in the diltiazem group was low (4%).

Amlodipine and diltiazem both tended to reduce
the frequency of ischemic episodes during ambulatory
monitoring, but our trial may have been too small for
the relatively modest additional effects of calcium
channel blockade7 to reach significance inb-blocked
patients. Amlodipine significantly reduced the inci-
dence of ambulatory ischemia in the recent Circadian
Anti-ischaemia Program in Europe trial (CAPE),8 but
this trial was larger (250 patients) and had a lower
incidence of backgroundb blockade (65%).

Amlodipine tended to reduce the frequency of
painful myocardial ischemic episodes (by 45% rela-
tive to baseline), while diltiazem did not affect this
parameter. By implication therefore, the 58% reduc-
tion in the frequency of ischemic attacks in patients
randomized to diltiazem must have occurred largely as
a result of suppression of silent ischemia. Amlodipine
has not previously been compared with diltiazem in
b-blocked patients with angina, but diltiazem has been
shown to suppress silent ischemia more effectively
than nifedipine,9–12 suggesting that negative chrono-

FIGURE 1. Mean weekly fre-
quency of angina attacks
and glyceryl trinitrate use
before (open bars) and after
(shaded bars) treatment with
amlodipine and diltiazem. *p
<0.05; †p <0.001.

TABLE II Adverse Events Related to Treatment

Body system
Amlodipine
(n 5 47)

Diltiazem
(n 5 50)

Cardiovascular (total) 9 10
Syncope 0 1
Atrial fibrillation 0 1
Bradycardia 0 2
Palpitations 0 1
Hypotension 1 1
Edema 8 4

Nervous system 5 7
Gastrointestinal 0 5
Other 3 8

All cardiovascular adverse events (total number and individual subcatego-
ries), and other adverse events occurring in $5% of patients in either treatment
group are shown by body system.
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tropy may be important in limiting ischemia during
daily life.7 However, the clinical relevance of drug
effects on silent ischemia is controversial,13–15 and
recent studies have suggested that silent ischemia is
not of prognostic importance in stable coronary dis-
ease.14,15 Further studies are needed to confirm the
true prognostic importance of ischemia during daily
life.

Both drugs were generally well tolerated, although
patients randomized to diltiazem reported almost
twice as many adverse events, and the pattern of
adverse events was also different between groups. The
greater incidence of bradycardia in the diltiazem
group was typical of the effects of diltiazem in
b-blocked patients, where bradycardia, syncope, or
interference with nodal conduction pathways have
been observed.5,6,9,16,17
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