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ABSTRACT To examine the effects of propranolol and nifedipine on exercise-induced attack in
patients with variant angina, exercise 20`T1 myocardial scintigraphy with quantitative analysis by
emission-computed tomography was performed in 20 patients with variant angina after oral propranolol
(80 mg), nifedipine (20 mg), and placebo. Exercise-induced attack occurred in 11 patients on placebo,
in 14 on propranolol, and in none on nifedipine. The exercise duration was significantly shorter in those
on propranolol (p < .05), but significantly longer in patients on nifedipine (p < .05) than in those on

placebo. The peak rate-pressure product was significantly lower in patients on propranolol (p < .01),
but did not change in those on nifedipine, as compared with that in patients on placebo. The size of the
perfusion defect as measured by 201TI tomography was significantly greater in patients on propranolol
(p < .05), but significantly less in those on nifedipine (p < .01) than in those on placebo. In conclusion,
propranolol does not suppress but rather may aggravate exercise-induced attack in patients with variant
angina, while nifedipine suppresses it. This unfavorable effect of propranolol on exercise-induced
attack in patients with variant angina is likely to be due to a reduction of regional myocardial blood
flow.
Circulation 74, No. 2, 374-380, 1986.

EXERTIONAL ANGINA has been explained on the
basis of increased myocardial oxygen demand in the
presence of fixed stenosis of coronary arteries.1 2
Thus, ,3-adrenergic-blocking drugs that decrease myo-
cardial oxygen demand have been widely used in its
treatment.2> Recently, acute reduction of myocardial
blood flow or oxygen supply due to coronary artery
spasm has been shown to play an important role in the
pathogenesis of exercise-induced attack not only in
patients with variant angina,5 but also in patients with
classic exertional angina.8 In these patients, the drugs
of choice for the treatment of exercise-induced attack
would be calcium antagonists, which suppress coro-
nary artery spasm, rather than ,3-adrenergic-blocking
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drugs. However, the precise role of 8-adrenergic-
blocking drugs and/or calcium antagonists in the treat-
ment of exercise-induced attack in patients with vari-
ant angina has not been defined. Exercise 201T1 myo-
cardial scintigraphy provides quantitative information
concerning the effective regional myocardial blood
flow.9 '° In the present study, using exercise 201T1 myo-
cardial scintigraphy, we examined the effects of pro-
pranolol, a f3-adrenergic blocker, and those of nifedi-
pine, a calcium antagonist, on exercise-induced attack
in patients with variant angina.

Methods
Patients. Twenty patients with variant angina were studied

over 3 weeks during an active phase of their disease. All patients
gave informed consent before they were included in the study.
All patients had attacks of chest pain associated with ST seg-
ment elevation on the electrocardiogram (ECG). This pain oc-
curred at rest, usually in the middle of the night or early mom-
ing, and more than five times per week during the period of the
study. In all patients, coronary arteriography demonstrated
coronary artery spasm during anginal attack. None of the pa-

CIRCULATION374

D
ow

nloaded from
 http://ahajournals.org by on M

ay 16, 2023



THERAPY AND PREVENTION-VARIANT ANGINA

tients had prior myocardial infarction, heart failure, chronic
obstructive lung disease, or other severe complications. A sum-
mary of clinical data, including age, sex, ECG during spontane-
ous attack, and exercise 20IT1 myocardial scintigraphic, and
coronary arteriographic findings is shown in table 1.

Study protocol. Drug trials were performed by a single-blind
placebo-controlled protocol. All medications were discontinued
at least 3 days before the study except for nitroglycerin, which
was also stopped at least 2 hr before the study. Each patient
repeated the exercise test as described below at 8:30 to 9:30
A.M., 2 hr after oral administration of 80mg propranolol, 20mg
nifedipine, or placebo. Each drug trial was performed singly on
separate mornings with an intervening interval of more than 1
week. The sequence of the drug trials was randomized.

Exercise and scintigraphic procedure. It has been shown
that anginal attack is most easily induced by the first exercise in
the morning in patients with variant angina.5 Thus, the patients
were kept in bed after an overnight fast until 8:00 to 9:00 A.M.,
and then they were taken to the exercise room in a wheelchair.
Exercise was performed by upright subjects on an electrically
graded bicycle ergometer starting at a workload of 50 W with
increments of 25 W every 3 min. A 12-lead ECG and cuff blood
pressure were recorded at rest, during exercise, and several
minutes after exercise. All patients had undergone the same
ergometer test at least once before the study so that they became
familiar with the test procedure.
A bolus of 2.5 mCi of 201T1 was injected through an indwell-

ing intravenous infusion line at the time when any of the follow-
ing symptoms or signs appeared: exhaustion, severe dyspnea,
progressive angina, ventricular tachyarrhythmias, horizontal or
downsloping ST segment depression of more than 0.1 mV
below the control level, and/or ST segment elevation of more
than 0.2 mV above the control level. The patient was encour-
aged to continue the exercise at the same level for 30 sec after
the injection of 201T1. When angina or ST segment elevation
continued for more than 3 min after the injection of 201T1,
sublingual nitroglycerin was given. Imaging was begun within 5
min after the injection of 201TI.
The system of single photon-emission computed tomography

used in this study consisted of a large-field-of-view gamma
camera with a high-resolution, parallel-hole collimator mounted
on a gantry (ZLC/37-ECT, Shimadzu Corporation, Kyoto) and
interfaced to a dedicated computer system (Scintipack 2400,
Shimadzu Corporation, Kyoto). The spatial resolution of this
system was 15.6 mm for full width at half maximum. Thirty
projections every 6 degrees were obtained for 20 sec each in an
180 degree arc around the long axis of the patient. It took about
650 sec for acquisition of images. The short-axis tomographic
images encompassing the entire left ventricle were reconstruct-
ed at 6.0 mm intervals.

Quantitative analysis of defect size on the scintigram. The
computerized 201T1 tomographic method proposed by Garcia et
al.1' and Caldwell et al.'2 was used to quantify the size of the
perfusion defect. Circumferential profiles for each short-axis
tomographic image were constructed of maximal-count values
per pixel in each of 60 radii spaced at 6 degree intervals. Count
values on each point in the profile were then normalized to the
maximal counts in the profile of each image. The resulting
profiles were arranged as a series of concentric circles forming a
single two-dimensional polar map with the apex at the center
and the base at the periphery. Activity from the inferior wall is
located at the bottom of the two-dimensional polar map, that
from the septum is on the left, and that from the lateral wall is on
the right. Two types of polar maps were then obtained by com-
paring normalized maximal-count values per each point on the
generated two-dimensional polar map with the corresponding
lower normal limits at 2.5 SDs below the mean derived from 20

normal subjects. One of the maps depicts extent of count reduc-
tion and the other its severity. The extent polar map is a binary
map on which points falling below the corresponding lower
normal limits are shown as a black region and the remaining
points fall in a white region. The severity polar map indicates
the magnitude of count reduction at each point below the corre-
sponding lower normal limits as a gray level varying between
light gray (low grade) and black (high grade). On these two
polar maps, each region of the left ventricle was positioned in
the same way as on the two-dimensional polar map.
The extent and severity scores for the size of the perfusion

defect were then calculated as described below, and the effects
of propranolol and nifedipine on regional myocardial blood
flow were quantitatively evaluated by comparing these scores in
patients on drugs with scores of those on placebo. The extent
score was defined by calculating the number of points falling
below the corresponding lower normal limits and by expressing
this number as a percentage of the total left ventricular points on
the extent polar map. The severity score was determined by
calculating the difference between normalized maximal counts
per each point in the area of the defect and the corresponding
lower normal limits and by dividing this difference by the total
number of left ventricular points on the severity map. Reproduc-
ibility of the extent and severity scores was assessed by reanaly-
sis of the original data from studies in patients on propranolol
obtained 2 months apart, yielding r values of .98 and .97,
respectively.

Statistical analysis. An analysis of variance was used to
compare the values for exercise parameters and defect size in
patients on propranolol and nifedipine with values of those on
placebo. Student's paired t test was performed only if F values
were significant.

Results
Clinical, electrocardiographic, and hemodynamic results

(tables 1 and 2). Of the 20 patients, an attack of chest
pain was induced in 11 patients on placebo, in 14 on
propranolol, and in none on nifedipine. Five patients
did not have an exercise-induced attack during this
study.

In the 15 patients who had an exercise-induced at-
tack during this study, peak heart rate and rate-pressure
product on propranolol were both significantly less
than those in patients on placebo (p < .001 and p <
.01, respectively), indicating that myocardial oxygen
demand at peak exercise was significantly decreased in
those on propranolol. However, the exercise duration
with propranolol was significantly shorter than that
with placebo (p < .05). On the other hand, the exercise
duration with nifedipine was significantly longer than
that with placebo (p < .05). However, peak heart rate
in patients on nifedipine was significantly higher than
that of those on placebo (p < .05). Nifedipine did not
significantly change systolic blood pressure or rate-

pressure product at peak exercise as compared with
placebo.
Among the 15 patients experiencing an exercise-

induced attack, exercise-induced ST segment eleva-
tion occurred in six patients on placebo, in 11 on
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TABLE 1
Electrocardiographic, scintigraphic, and coronary arteriographic (CAG) data

CAG
Patient ST elevation during Scintigraphic defect during
No. Age/sex spontaneous attack exertional attack Attack NTG

1 41/M II, III, and aVF Inferior and septal 99% S2 90% S6
2 58/M II, III, and aVF Inferior 99% S2 25% S2
3 66/M II, III, and aVF Inferior 100% S2 90% S2
4 65/M V, Anterior and septal 100% S7 99% S7

90% S12
90% S13

5 47/F V1 6 Anterior and septal 90% S7 Normal
6 57/M II, III, and aVF Lateral and inferior 100% S14 75% S14
7 68/M II, III, and aVF Inferior and septal 100% S2 75% S2

90% S6 75% S6
90% S12

8 52/M I, aVL, and V56 Lateral 100% S12 75% S7
90% S12

9 52/M II, III, and aVF Inferior and septal 99% S2 90% S2
75% S6
75% S12

10 51/M I, II, III, aVL, aVF, and V46 Lateral 90% Sl1 25% Sll
11 43/M II, III, and aVF Inferior 90% S3 25% S3
12 58/M II, III, and aVF Lateral 90% S13 75% S13
13 67/M II, III, and aVF Inferior 100% S2 25% S3
14 47/M V11 Anterior, septal, and inferior 100% S6 100% Si

90% S6
75% S13

15 50/M II, III, and aVF Inferior 100% S3 Normal
16A 52/F II, III, and aVF NP 99% Sl Normal
17A 52/F V1 NP 99% S7 Normal
18A 48/M II, III, and aVF NP 100% S2 Normal
19A 53/F II, III, and aVF NP 100% S2 Normal
20A 57/M V1 3 NP 90% S7 50% S14

ST = ST segment; NTG = nitroglycerin; S1 to S1S refer to segments of the coronary arteries as defined by the AHA
Committee Report27; NP = scintigraphic defect was not present.

APatient in whom exercise-induced attack did not occur during this study.

propranolol, and in none on nifedipine. The electrocar-
diographic leads showing ST segment elevation during
exercise always corresponded with those during spon-
taneous attacks in these patients. The exercise-induced
attacks accompanied by ST segment elevation were
promptly relieved by sublingual nitroglycerin.

Quantitative analysis of defect size (figure 1). Each pa-
tient experiencing an exercise-induced attack had a
perfusion defect in the area possibly perfused by the
coronary artery in which spasm was demonstrated by
coronary arteriography during the attack. Among the
15 patients with an exercise-induced attack, the extent
and the severity scores of patients on propranolol were
significantly greater than those of patients on placebo
(both p < .05). On the other hand, the extent and the
severity scores of those on nifedipine were significant-
ly less than the scores of those on placebo (both p <
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.01). Representative examples are shown in figures 2
and 3.

Discussion
Propranolol is widely used for the treatment of clas-

sic exertional angina.2" However, Robertson et al.13
showed that propranolol aggravated spontaneous at-
tacks in patients with variant angina. Thus, the precise
role of propranolol in the treatment of exercise-in-
duced attack in patients with variant angina has not
been defined.

In the present study, propranolol did not suppress
but rather aggravated exercise-induced angina, de-
creasing the exercise duration in spite of the fact that it
reduced peak rate-pressure product (an indirect index
of myocardial oxygen demand). This aggravating ef-
fect might be explained by the increased size of the
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TABLE 2
Individual exercise results in the patients with exercise-induced attack

Chest pain ST deviation Peak HR Peak SBP Peak RPP Ex. duration
Patient________
No. PLA PRO NIF PLA PRO NIF PLA PRO NIF PLA PRO NIF PLA PRO NIF PLA PRO NIF

1 + + _4 4 121 100 141 124 122 160 15004 12200 22560 2.4 3.1 8.0
2 + + - 4 - 148 100 111 180 138 138 26640 13800 15318 8.6 3.0 7.3
3 + + - 4 4 l 115 84 136 120 142 146 13800 11928 19856 4.8 2.7 10.5
4 + + - 4 4 141 104 150 140 130 150 19740 13520 22500 4.2 1.8 6.4
5 - + - -- 123 87 137 122 82 126 15006 7134 17262 7.2 1.9 9.2
6 + + - 4 4 114 91 117 146 164 130 16644 14924 15210 6.4 3.8 7.6
7 + + - l 4 101 92 122 174 180 156 17574 16560 19032 5.5 5.2 7.1
8 - + - -- 122 94 127 162 142 150 19764 13348 19050 9.8 5.3 9.2
9 + + - 4 4 4 78 86 116 140 150 110 10920 12900 12760 1.8 3.2 5.0
10 + + 4 4 - 97 93 145 124 110 148 12028 10230 21460 7.5 4.1 7.9
11 - + - -- 123 88 116 160 140 164 19680 12320 19024 7.7 4.8 5.9
12 - + - 4 138 88 108 170 120 138 23460 10560 14904 7.8 5.3 7.9
13 + + - 4 4 76 61 105 120 82 156 9120 5002 16380 4.5 3.0 5.7
14 + + --- -- 108 96 144 178 176 168 19224 16896 24192 3.9 7.5 9.6
15 + - - -- 104 105 154 130 160 154 13520 16800 23716 4.6 6.8 7.2

Mean 114 9lc 129A 146 136 146 16808 12542B 18882 5.8 4.1A 7.6A
+ SD 21 11 16 23 29 16 4750 3361 3528 2.3 1.7 1.5

HR = heart rate (beats/min); SBP systolic blood pressure (mm Hg); RPP = rate-systolic blood pressure product (mm Hg-beats/min); Ex. duration
exercise duration (min); PLA = placebo; PRO = propranolol; NIF = nifedipine; + = pain provoked; - = pain not provoked; 4 ST segment

elevation; 4 = ST segment depression; -* = ST segment not deviated.
Ap < .05 compared with placebo; Bp < .01 compared with placebo; cp < .001 compared with placebo.

perfusion defect observed in the scintigraphic study
and by the increased number of patients with ST seg-
ment elevation after propranolol, indicating that this
drug further decreased regional myocardial blood
flow. On the other hand, nifedipine suppressed exer-
cise-induced attacks in patients with variant angina and

O°Fr * p<O.05
** p<0.01

VS PLACEBO
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patients on nifedipine exercised longer and to a greater
workload. The predominant mechanism responsible
for such improvement might have been that nifedipine
improved regional myocardial blood flow, as demon-
strated by the decreased defect size on the scintigrams
after administration of nifedipine.
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FIGURE 1. Effects of propranolol and nifedipine compared with those of placebo on the extent and severity scores of defect size
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FIGURE 2. Polar map representations of myocardial distribution of 201TI during exercise in patient 6. Two-dimensional (2D)
polar map represents three-dimensional myocardial count distribution on a scale ranging from light gray (high counts) to black
(low counts). Black region in extent map corresponds to locations falling below lower normal limits. Severity map shows the
grade of abnormality on a scale ranging from light gray (low grade) to black (high grade) in the magnitude of count reduction
below lower normal limits. In these representations, the apex corresponds to the center of the map, the base to the periphery, the
inferior wall to the bottom, the septum to the left, and the lateral wall to the right. Note that the extent and severity of perfusion
defect in inferolateral left ventricular area were increased while the patient was on propranolol, but markedly decreased with
nifedipine, as compared with values on placebo. The extent scores when the patient was on placebo, propranolol, and nifedipine
were 10%, 19%, and 0. 1%, respectively. The severity scores when the patient was on placebo, propranolol, and nifedipine were
1.0, 2.0, and 0.004 counts/point, respectively. An attack was induced while the patient was on placebo and propranolol, but not

after nifedipine. The attack after placebo was associated with ST segment depression, while the attack after propranolol was

associated with ST segment elevation.

It is now established that Prinzmetal's variant angi-
na is caused by coronary artery spasm. t1-- Prinzmetal'4
and other authors'5 have emphasized that this form of
angina most often occurs in patients at rest, particular-
ly in the period from midnight to early morning, and is
not induced by exercise. However, Yasue et al.5 have
showed that there is circadian variation in exercise
capacity and that an attack can be induced by exercise
in the morning but usually r in the afternoon of the
same day in most patients with variant angina. We
therefore had patients perform ergometer exercise tests
in the morning, resulting in an anginal attack in 15 of
the 20 patients with variant angina in the present study.

Yasue et al. postulated that stimulation of a-adren-
ergic receptors on the coronary artery through exer-
cise-increased sympathetic discharge might cause
coronary artery spasm in patients with variant angi-
na.5 8416 :Furthermore, in the setting of the increased
sympathetic stimulation that occurs during exercise',

378

or cold pressor testing,20 propranolol potentiates coro-
nary arterial vasoconstriction since blockade of l-me-
diated coronary arterial vasodilation leaves a-adrener-
gically mediated vasoconstriction unopposed.'6' 21 On
the other hand, nifedipine, a calcium antagonist, is
dramatically effective in preventing coronary artery
spasm, probably because blocking the entry of calcium
ions into the coronary vascular smooth muscle cells
results in relaxation of large coronary arteries.5 222 23
The contrasting effc ts of these two major antianginal
drugs on coronary artery tone were demonstrated in
this study by the fact that propranolol aggravated an-
ginal attacks and ST segment elevation, which indi-
cates severe reduction of regional myocardial blood
flow possibly due to spasm that occluded completely
or almost completely a large coronary artery,'9' 24 and
that nifedipine suppressed it. In some patients with
severe coronary artery stenosis, the possibility that
total occlusion of the coronary artery on a transient
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FIGURE 3. Polar map representations of myocardial distribution of 20 T1 during exercise in patient 7. Each map is displayed as
described in figure 2. Note that the extent and severity of the perfusion defect in the inferoseptal left ventricular area were
increased after propranolol, but markedly decreased after nifedipine, as compared with after placebo. The extent scores when the
patient was on placebo, propranolol, and nifedipine were 16%, 43%, and 4%, respectively. The severity scores when the patient
was on placebo, propranolol, nifedipine were 0.6, 2.6, and 0.05 counts/point, respectively. An attack was induced after placebo
and propranolol, but not induced after nifedipine. The attack after propranolol was associated with ST segment depression, but
the attack after placebo was not associated with ST segment deviation.

basis by platelets or thrombus might also be involved
in the exercise-induced attacks accompanied by ST
segment elevation cannot be excluded. However, this
was not likely the case in this study because sublingual
nitroglycerin promptly relieved the exercise-induced
attacks and ST segment elevation in our patients with
variant angina.

Clinical implications. Recent evidence suggests that
coronary artery spasm may play an important role in
the pathogenesis not only of variant angina but also of
many clinical conditions related to ischemic heart dis-
ease. , 25 26 Propranolol, which is widely used in the
treatment of exertional angina,24 may aggravate the
attacks by reducing regional myocardial blood flow
due to stress or exercise-induced coronary artery
spasm in some patients with exertional angina. On the
other hand, a calcium antagonist such as nifedipine
would be the first choice of treatment for such patients.
Our results also indicate that exercise 20lT1 myocardial
scintigraphy combined with the technique of single
two-dimensional display of rotational tomogramsll 12
is useful in the noninvasive evaluation of the effects of

antianginal drugs on regional myocardial perfusion in
patients with variant angina.
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