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Effects of combined alpha and beta adrenoceptor
blockade in patients with angina pectoris
A double blind study comparing labetalol with placebo
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SUMMARY The effects of a combined alpha and beta receptor antagonist, labetalol, were investigated
in 10 patients with chronic stable angina pectoris. The optimal dose was determined during an initial
dose titration study when the patients were treated with 200 mg, 400 mg, and 600 mg (six patients)
of labetalol a day. The effective dose was then compared with placebo in a double blind randomised
study. The effects of the drug were monitored with angina diaries, treadmill exercise testing, and 48
hour ambulatory electrocardiographic ST segment monitoring. Plasma labetalol concentrations were
measured during each treatment period. The mean effective antianginal dose of labetalol was 480
(SD 140) mg/day given by mouth twice a day. There was a dose related reduction in daytime and
nocturnal heart rate, the frequency of pain was significantly reduced by 41%, and exercise duration
was significantly increased by 44% with labetalol when compared with placebo. The frequency and
duration of the episodes of ST segment depression were significantly reduced by 56% and 73%
respectively with labetalol. Adverse effects resulted in a reduction of the dose of labetalol in two

patients. Thus labetalol is an effective agent in the treatment of angina pectoris.

Although beta adrenoceptor antagonists have become
established in the treatment of patients with exer-
tional angina pectoris,' their role in treating angina at
rest remains controversial since myocardial ischaemia
in these circumstances is often thought to be secon-
dary to reduction in myocardial blood flow, possibly
as a result of coronary spasm.23 As coronary vascular
tone is mediated via both alpha (vasoconstrictive) and
beta (vasodilative) adrenergic nerve endings4 pure
beta adrenergic blockade may increase coronary tone
not only directly but also indirectly by permitting
unopposed alpha vasoconstrictor action. It seemed
reasonable therefore to consider alpha blocking agents
in the treatment of angina pectoris.56 Pure alpha
blockers, however, were found to be unpredictable in
patients with myocardial ischaemia because they tend
to cause tachycardia.78 A safer and more predictable
formulation was obtained by combining an alpha
blocker with a beta blocker, which theoretically
avoids the drawback of tachycardia and the potential
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risks of exacerbating coronary spasm.9
Labetalol, 5-(l-hydroxy-2-[(1-methyl-3 phenyl-

propyl) amino] ethyl) salicylamide, has both beta and
alpha receptor blocking properties.9-'3 It has non-
selective beta blocking actions, with competitive
antagonism of both beta1 (cardiac) and beta2 (bron-
chial and vascular) receptors with beta1 receptor
blockade somewhat more prominent than beta2 bloc-
kade.9 Labetalol has partial beta2 agonist activity,
some direct vasodilative activity, and membrane
stabilising activity and is lipid soluble and excreted
through the kidneys (50%) after conjugation in the
liver.9 It is currently used as an antihypertensive
agent in all grades of hypertension. 14- 16 A few studies
have shown the effectiveness of labetalol in hyperten-
sion and angina.5 6 17-20

This study was designed to assess the effects of
labetalol in patients with angina pectoris using a
double blind placebo controlled technique. Previous
dose titration was carried out to determine the
optimum dosage for each patient. In addition to the
measurements of angina frequency and exercise
capacity, we objectively assessed the magnitude, fre-
quency, and duration of myocardial ischaemia during
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each treatment phase by means of ambulatory
electrocardiographic ST segment monitoring.
Patients and methods

Ten patients (eight men, two women) aged 42 to 72
years with at least a three month history of chronic
stable angina pectoris were studied. Eight patients
had angiographically confirmed obstructive coronary
artery disease and two a well documented history of
myocardial infarction. Before the study all patients
had been shown to develop chest pain and significant
ST segment depression during treadmill exercise
testing and ambulatory electrocardiographic moni-
toring. No patients had episodes of ST segment
elevation. All patients had previously been treated
with beta adrenoceptor antagonists.

STUDY PHASES
The study was divided into two phases.
Dose titration-Each patient was treated with

labetalol twice daily. The total daily dose was 200 mg
for two weeks and 400 mg for two weeks in all the
patients and 600 mg for two weeks in six patients.
Patients kept angina diaries and had exercise testing
and 48 hour ambulatory electrocardiographic ST
segment monitoring performed at the end of each two
week treatment period.
Double blind comparison-The optimum effective

dose of labetalol for each patient was determined dur-
ing the dose titration phase. The patients were then
randomly allocated to treatment with this dose of
labetalol for two weeks and placebo for two weeks in a
double blind crossover manner. Assessment with
angina diaries, exercise testing, ambulatory ST seg-
ment monitoring, and blood concentrations of
labetalol was performed at the end of each treatment
period.

ANGINA DIARIES
A detailed record of the time and frequency of chest
pain and activity at the time of pain was kept
throughout both phases of the study.

EXERCISE TESTING
All patients underwent incremental treadmill exercise
testing according to the modified Bruce protocol21 at
the end of each two week treatment period. Maximal
symptom limited exercise tests were performed in
which the 12 lead electrocardiogram was recorded at
the end of each minute. Significant ST segment
depression was defined as a depression of, 1 mm in
magnitude occurring 0-08 s after the J point which
persisted for at least three consecutive beats.
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AMBULATORY MONITORING
Forty eight hour ambulatory electrocardiographic
monitoring was performed using a frequency mod-
ulated recorder (Oxford Medilog II, frequency
response 0.05-40 Hz). A two channel recording was
obtained with bipolar leads CM5 and modified lead II.
The magnetic tapes were read visually at 60 times
normal speed (Oxford Medilog MA20 analyser), and
the number, duration, and magnitude of ST segment
changes were noted. Significant ST segment depres-
sion was defined as depression of -1mm in mag-
nitude occurring 0-08 s after the J point and persisting
for at least one minute. An hourly heart rate trend was
also obtained during each monitoring period. Patients
underwent their normal daily activities during the 48
hour period of ambulatory monitoring in order to
assess the effect of treatment under similar circum-
stances. The daytime heart rate was determined at the
beginning of the exercise tests and the mean nocturnal
heart rate calculated from the average of the hourly
heart rates between 2400 and 0600 obtained during
ambulatory monitoring.

LABETALOL ASSAY
The serum labetalol concentration was measured at
the end of each two week treatment period through-
out the dose titration and double blind phases of the
study by a high performance liquid chromatography
assay. This was used to assess patient compliance only
since the samples were obtained 2-18 hours after the
last dose of the drug.

STATISTICAL ANALYSIS
Results are expressed as mean and standard deviation.
Discrete data were analysed using the Wilcoxon
signed rank test for paired observations and was
restricted to the double blind phase of the study.

Results

DOSE TITRATION
All patients were given the 200 mg/day and the 400
mg/day doses of labetalol. Six patients did not become
asymptomatic and were therefore given labetalol 600
mg/day. The dose allocation for the second phase of
the study was ascertained from the history and
ambulatory monitoring data.
Heart rate and blood pressure-Table 1 shows the

effect of increasing doses of labetalol on the resting
heart rate, blood pressure, and rate pressure product.
There was a dose related reduction in the resting day-
time heart rate and in both the systolic and diastolic
arterial blood pressure (Table 1, Figure).
Angina frequency-Table 2 shows the frequency of

chest pain associated with ST segment depression
during the 48 hour ambulatory monitoring period and
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Effects of combined alpha and beta adrenoceptor blockade in patients with angina pectoris

Table 1 Effect of labetalol on the resting heart rate, blood pressure, and rate-pressure product during the dose titration and double
blind studies. Results are mean (standard deviation)

Heart rate (beatsuin) Resting blood pressure (mn Hg) Rate-pressure product

Daytime Nocturnal Systolic Diastolic

Dose titration study
Labetalol (mg)
200 76 (12) 65 (8) 130 (17) 80 (8) 9900 (2370)
400 70 (15) 64 (11) 119 (17) 81 (8) 8470 (2510)
600 (n=6) 64 (12) 61 (9) 116 (12) 76 (10) 7500 (2220)

Double blind study
Placebo 83 (10) 69 (12) 141 (21) 94 (13) 11350 (2380)
Labetalol

(480 (140) mg) 69 (13)** 64 (10)* 110 (15)** 75 (10)** 7900 (1820)**

*p<0.05, **p<0.01.

during the last seven days of each treatment period.
All patients continued to have angina with labetalol
200 mg a day. Three patients became free of pain with
400 mg/day, although two of these had episodes of
painless ST segment depression during monitoring.
One patient had a systolic blood pressure of 95 mm
Hg with labetalol 400 mg/day but remained asymp-
tomatic. Another patient was pain free with 400 mg/
day but had postural hypotension. Three of the six
patients treated with 600 mg/day had no pain during
the last seven days or during the last 48 hour monitor-
ing period, and the other three patients had a greatly
decreased frequency of pain.

Exercise testing-Table 3 shows the duration of
exercise, heart rate, and systolic blood pressure at the
time of development of 1 mm planar or downsloping
ST segment depression. The duration of exercise to 1
mm ST segment depression was increased in eight of
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Figure Hourly heart rate changes during 24 hours of
ambulatory monitoring with labetalol during the dose titration
and double blind phases of the study.

the 10 patients with 400 mg/day, and the total exercise
duration was increased in nine. With 600 mg/day
three of the six patients showed further improvement
in total exercise capacity and duration of exercise to 1
mm ST depression. The other three patients exercised
to the same workload as with the 400 mg/day dose. A
stepwise increase in beta blockade was evident with
increasing doses of labetalol. The mean heart rate
after three minutes of exercise was 100 (15) beats/min
with 200 mg/day, 95 (12) beats/min with 400 mg/day,
and 91 (13) beats/min with 600 mg/day. Both the
heart rate and systolic blood pressure at the onset of
1 mm ST depression and at the end of the test tended
to be lower with the higher doses of labetalol even
though the workload achieved was greater (Table 3).

Ambulatory ST segment monitoring-Table 2 shows
the number, duration, and magnitude of episodes of
ST segment depression. Compared with labetalol 200
mg/day, 400 mg/day produced a reduction in the
number and duration of episodes of ST segment
depression in four patients. With 600 mg/day all six
patients showed an improvement in the frequency or
the duration of ischaemia.
Plasma labetalol concentration-All patients com-

plied with drug treatment throughout the dose titra-
tion phase (Table 4).

DOUBLE BLIND COMPARISON
The optimum dose for the double blind phase of the
study was 200 mg/day in one patient, 400 mg/day in
four, and 600 mg/day in five (mean 480 (140) mg/day).
One patient developed severe and frequent chest pain
during the placebo period, which was limited to five
days.
Heart rate and blood pressure-The mean daytime

resting heart rate, the mean nocturnal heart rate, and
the mean systolic and diastolic arterial blood pressures
were lower with labetalol than with placebo (Table 1).
The daytime heart rate was lowered by a mean of 17%
(p<O.Ol), whereas the mean nocturnal heart rate was
reduced by 70/o (p<0-05) with labetalol (Figure).
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Table 2 Frequency, magnitude, and duration ofepisodes ofST segment depression during each 24 hour period ofambulatory
monitoring and the frequency ofpain during the dose titration and double blind phases of the study. Results are mean (standard
deviation)

ST segment depression No ofpainful No of episodes
episodes ofST ofpainlweek

No of episodes Duration of episodes Mean maximum depression
(min) magnitude (mm)

Dose titration study
Labetalol (mg)
200 43 (32) 67 (70) 1.8 (1-1) 12 (1-3) 13 (12)
400 4-7 (3.9) 72 (65) 2-0 (1.2) 1-4 (1-4) 8 (9)
600 (n=6) 2-3 (1-4) 36 (26) 2-3 (0.5) 0-2 (0.3) 2 (3)

Double blind study
Placebo 3-4 (2.6) 80 (87) 1.9 (1-3) 1 1 (1.0) 10 (9)
Labetalol

(480 (140) mg) 1.5 (2.2)** 22 (50)** 1 9 (1-4) (NS) 0-1 (0 3)* 5.9 (8-8)**

*p<O05, **p<O-O1, NS, not significant.

Angina frequency-When compared with placebo,
labetalol at a mean dose of 480 (140) mg/day reduced
the angina attack frequency by 41% (p<0*01). Chest
pain was completely abolished in three patients. The
frequency of chest pain was reduced in another five
patients. One patient experienced the same frequency
of pain during both the active treatment and placebo
periods, while one patient had one more episode of
pain with labetalol compared with placebo (Table 2).

Exercise testing-The duration of exercise before the
development of ST segment depression was increased
by 44% (p<0.01) after labetalol compared with
placebo. The total duration of exercise was increased
by 29% (p<0.01), and all patients showed an
improvement in exercise capacity (Table 3).

Evidence of beta blockade was not only observed at
rest, when the heart rate and blood pressure values
were lower (Table 1), but was evident at each stage of
exercise. After three minutes of exercise, mean heart
rate had increased from 83 (10) beats/min to 95 (12)

beats/min with placebo and from 69 (13) beats/min to
80 (12) beats/min with labetalol. After six minutes'
exercise, the heart rate had increased to 112 (14)
beats/min (n=8) with placebo and 93 (13) beats/min
with labetalol. The mean heart rate and systolic blood
pressure at the onset of 1 mm ST segment depression
and at the termination of exercise were significantly
lower during labetalol treatment (Table 3) (p<0.01).
The rate of increase in heart rate was not significantly
different after three minutes of exercise with labetalol
(11 (6) beats/min) compared with placebo (12 (4)
beats/min). Nevertheless, the rate of increase in heart
rate was significantly lower at six minutes of exercise
in the eight patients who reached this level (increase
of 32 (6) beats/min) with placebo and 25 (3) beats/min
with labetalol (p<005)).
Ambulatory ST segment monitoring-Treatment with

labetalol (480 (140) mg/day) abolished all episodes of
ST segment depression in five patients and
significantly reduced the frequency and duration of

Table 3 Duration of exercise and haemodynamics after treadmill exercise to I mm ST segment depression and at the termination of
the test during the dose titration and double blind phases of the study. Results are mean (standard deviation)

Haemodynamics to I mm ST depression Haemodynamics at termination

Exercise Heart rate Systolic blood Rate-pressure Exercise Heart rate Systolic blood Rate-pressure
duration (beatslmin) pressure product duration (beatslimn) pressure product
(min) (mm Hg) (min) (mm Hg)

Dose titration study

110 (19) 149 (26)
110 (16) 136 (16)
107 (15) 138 (27)

16720 (5040) 6-4 (2.2) 122 (21) 152 (28) 18820 (5900)
15090 (3770) 8-1 (1-9) 117 (20) 138 (24) 16570 (5420)
14920 (4450) 8-7 (1-5) 115 (22) 138 (36) 16380 (6325)

Double blind study

Placebo 5-4 (2.0) 121 (12) 166 (34) 20440 (5739) 6-8 (1-7) 131 (15) 177 (40) 23560 (7410)
Labetalol

(480 (140) mg) 7-8 (1-9)** 110 (15)** 133 (20)** 14810 (3590)** 8-5 (1-6)** 114 (15)** 137 (22)** 15710 (4180)**

**p<0-01.

Labetalol (mg)
200
400
600 (n=6)

5-1 (1-7)
6-5 (1-7)
7-2 (1-3)
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Table 4 Mean (SD) plasma labetatol concentration during the
dose titration and double blind phases of the study

Dose Plasma labetalol
concentration (Ijgll)

Dose titraton study
Labetalol (mg)
200 40 (17)
400 98 (42)
600 (n=6) 197 (110)

Double blind sudy
Placebo 0
Labetalol (480 (140) mg) 187 (167)

both painful and painless episodes of ST segment
depression in the other five when compared with
placebo (p<0-01) (Table 2). The mamnum magnitude
of the episodes of ST segment depression was not
significantly altered with labetalol, although the
number of these episodes was lower (Table 2).
Plasma labetalol concentrations-All patients com-

plied with the double blind phase of the trial, and
Table 4 shows the serum labetalol concentrations.

Adverse effects-Five patients complained of leg
fatigue and three intermittent claudication during
labetalol treatment. One patient had episodes of post-
ural hypotension with labetalol 400 mg/day and was
therefore randomised to receive 200 mg/day. One
patient complained of increased dyspnoea on exertion
with 400 mg/day compared with the lower dose. One
patient developed an increase in the frequency of
dreams and one had difficulty in micturition with
labetalol treatment.

Discussion

Although beta adrenoceptor antagonists have become
a mainstay in the treatment of angina pectoris, these
agents are also known to increase the peripheral vas-
cular resistance and left ventricular end diastolic pres-
sure, which causes increases in myocardial oxygen
demand.4 Furthermore, blockade of the vasodilative
beta receptors on the coronary arteries would result in
the unmasking of alpha mediated vasoconstrictor
activity4 22- 24 and hence reduce coronary blood
floW.13 25 Alpha adrenoceptor blocking agents
increase coronary blood flow and reduce coro-
nary'22426 and peripheral vascular resistance and
cause a fall in arterial blood pressure.9 Labetalol is a
unique compound which possesses both non-selective
beta receptor and alpha, receptor blocking properties.
It therefore produces all the beneficial effects of pure
alpha blockers on the coronary and peripheral vas-
culature, but the tachycardia is blocked by beta
receptor blockade. In isolated tissue preparation,
labetalol is 4-8 times more potent in blocking beta
receptors than alpha receptors.9 Patients with hyper-

tension and angina pectoris have shown improvement
in exercise capacity at a dose of labetalol which has
ranged from 300 to 1600 mg/day.5 6 16-20 In this study
we performed dose titration and found that the effec-
tive antianginal action of labetalol was evident at a
mean daily dose of 480 (140) mg/day, a dose consider-
ably lower than that in the hypertensive group of
patients. The reduction in daytime heart rate of the
patients in this study was comparable to the reduction
seen in the hypertensive patients,6 although the
reduction in arterial blood pressure in our patients
was less pronounced. It is likely, therefore, that nor-
motensive patients with myocardial ischaemia require
lower doses of labetalol for therapeutic effect than
patients who have hypertension.

All patients in this study had a history of chronic
stable exertional angina pectoris. None had a history
of frequent rest pain, and no episodes of nocturnal-
ST segment change were noted. Thus the theoretical
benefit of coronary vasodilatation with an alpha recep-
tor antagonist could not be established convincingly
in this group of patients. Comparison with a pure beta
adrenoceptor antagonist, particularly in patients with
angina at rest, is necessary to show any increased
benefit with a combined alpha and beta receptor
antagonist such as labetalol.

During exercise testing the heart rate, blood pres-
sure, and the rate-pressure product were all lower
with labetalol than with placebo even at the lowest
dose of 200 mg/day. Nevertheless, a significant
increase in the duration of exercise was noted only at a
higher dose of 400 mg/day and a significant antiangi-
nal effect was evident with a mean dose of 480 (140)
mg/day of labetalol. These findings of a significant
haemodynamic effect at relatively low doses and anti-
anginal action at a relatively higher dose have also
been reported in patients who have angina and hyper-
tension.6

Although the heart rate and blood pressure at all
stages of exercise were lower with labetalol, a reduc-
tion in the rate of increase of heart rate was observed
only after six minutes of exercise. The effect on arter-
ial blood pressure at different stages of exercise is
difficult to determine in this study since a few patients
had a fall in blood pressure towards the later stages of
exercise when they were receiving placebo. There was
no significant difference between the magnitude of the
increase in systolic blood pressure at the termination
of the exercise test when compared with placebo,
although the patients had exercised longer at the
higher doses of labetalol. These results contrast with
the findings in patients with hypertension.6

In this study two important aspects of the use of
labetalol in normotensive patients with angina pec-
toris were investigated for the first time. Firstly, the
effective dose of labetalol was determined in each
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individual by graded dose titration, and the optimum
dose was then compared with placebo in a double
blind study. Secondly, the frequency of myocardial
ischaemic episodes was determined both subjectively
(angina diaries) and objectively by ambulatory ST
segment monitoring. This showed that the frequency
and duration of both painful and painless episodes of
reversible ST segment depression were reduced by
labetalol at a mean dose of 480 (140) mg/day. Care was
taken to ensure that ST segment monitoring was per-
formed during days when the patients underwent
their normal daily activities. Therefore, not only was
the effectiveness of labetalol in increasing exercise
capacity demonstrated during conventional exercise
tests, but there was also objective evidence of
improvement in both symptomatic and asymptomatic
episodes of myoc-srdial ischaemia. This study shows
that labetalol is an effective antianginal agent in
patients with obstructive coronary artery disease. It
has certain theoretical advantages over conventional
beta adrenoceptor antagonists, and the clinical rele-
vance of these needs to be investigated in future com-
parative studies.

We thank the British Heart Foundation for their sup-
port.
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