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Medical treatment of patients with severe exertional
and rest angina: double blind comparison of,B blocker,
calcium antagonist, and nitrate
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SUMMARY The role of medical treatment of patients who had resting nocturnal angina as well as

exertional angina was investigated. The effects of atenolol 100mg a day, nifedipine 20mg three
times a day, and isosorbide mononitrate 40mg twice a day were investigated in a double blind,
triple dummy randomised study. Nine patients with coronary artery disease, early positive exer-

cise tests, and transient daytime and nocturnal ambulatory ST segment changes were initially
assessed off all antianginal medication. They were then treated with each drug for three five day
periods. Angina diaries were reviewed and maximal treadmill exercise tests and 48 hour ambu-
latory ST segment monitoring were performed at the end of each treatment period. Resting and
exercise heart rate and blood pressure were significantly lower on atenolol than on either iso-
sorbide mononitrate or nifedipine. The duration of exercise to 1 mm ST segment depression was
significantly greater on atenolol than on isosorbide mononitrate. Only one patient had an im-
provement in exercise tolerance on nifedipine that was greater than the improvement on atenolol;
this patient had single vessel disease. The total number and duration of episodes of ST segment

change during ambulatory monitoring were significantly lower with atenolol than on either
isosorbide mononitrate or nifedipine. Nocturnal ST segment changes were abolished in six
patients on atenolol, in six patients on nifedipine, and in five patients on isosorbide mononitrate.
When nocturnal ST segment changes occurred, their frequency was reduced with all three drugs.
Pain was abolished in four patients on atenolol and pain relief was significantly better on atenolol
than on isosorbide mononitrate. There was no significant difference in pain relief between iso-
sorbide mononitrate and nifedipine.
Thus ,B receptor blockade with atenolol was the most effective means of reducing myocardial

ischaemia both during exercise and at rest at night without causing deterioration in any patient.
Nocturnal myocardial ischaemia in patients with severe coronary artery disease can be effectively
treated with ,B receptor antagonists and vasodilators.

Angina and myocardial ischaemia can occur on exer-
tion or at rest in the same individual at different
times of the day and night.' Different patho-
physiological mechanisms have been used to explain
ischaemia occurring at rest and on exertion in
patients with obstructive coronary artery disease.
Exertional angina is believed to be the result of
myocardial oxygen demand exceeding supply, but
angina at rest and at night is considered to be due to
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reduction in coronary blood flow caused by factors
such as coronary spasm2 3 and platelet aggregation.4
Thus if treatment is to be tailored to symptoms ,B
adrenoceptor antagonists should be recommended
for ischaemia on exertion, and vasodilators, such as

nitrates or calcium antagonists, should be used for
rest angina. Recently, there has been evidence that
ischaemia at rest and at night tends to occur mainly
in patients with severe forms of coronary artery dis-
ease and that heart rate often increases before the
onset ofischaemia in these patients.5 In patients with
normal coronary arteries or minor disease who de-
velop ischaemia due to localised coronary spasm,
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however, there are no increases in the, indices of
myocardial oxygen consumption before the onset of
ischaemia.6 It is therefore crucial to determine the
ideal treatment for patients with coronary artery dis-
ease who have evidence of exertional and rest angina.

Several studies with ambulatory ST segment

monitoring have demonstrated the occurrence of
painless as well as painful ischaemia during daily
activities.7 8 It is therefore important to perform am-
bulatory ST segment monitoring during assessment
of antianginal agents as this not only provides infor-
mation on the frequency of ischaemia occurring dur-
ing normal daily activities, but also demonstrates
painless episodes of myocardial ischaemia. In this
study we have used ambulatory ST segment moni-
toring to assess the effects of standard antianginal
treatment with a adrenoceptor antagonist
(atenolol), a calcium antagonist (nifedipine), and a

nitrate (isosorbide mononitrate) in patients with
frequent exertional daytime and nocturnal resting

angina pectoris.

Patients and methods

PATIENTS
We studied nine patients, six men and three women,
mean (SD) age 62 (7) years, with confirmed coronary

artery disease and a history of both exertional and
nocturnal angina pectoris and positive exercise tests
(table 1). Three patients had had a previous myo-

cardial infarction. One patient (case 2) had single left
anterior descending coronary stenosis only, whereas
all others had three vessel disease with or without left
main stem stenosis. All patients were shown to have
reversible ambulatory ST segment changes during
the day and at rest at night while off antianginal
medication. The patients' symptoms had been stable
for at least two months before the study started and
none had suffered a recent myocardial infarction.
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STUDY PROTOCOL
All regular antianginal medication was withdrawn
for 48 hours in hospital before the study began. Sub-
lingual nitroglycerin was given for pain. The ST
segment was monitored in ambulant patients for at
least 24 hours and up to 48 hours (mean (SD) 35 (12)
hours) (table 1). Patients who had reversible ST seg-

ment changes during the daytime and also at night
(24.00 to 06.00 hours) were recruited into the study
after giving informed written consent. The study
was approved by the hospital ethics committee.
Three drugs, atenolol, nifedipine, and isosorbide

mononitrate were administered for five days each in
a double blind, randomised manner according to a

latin square design with a triple dummy technique.
Atenolol was given in a daily dose of 100mg, iso-
sorbide mononitrate 40mg twice a day, and nif-
edipine was given three times at day at a dose of
10mg for two days and 20mg three times a day for
three days to overcome the problems that occa-

sionally arise with the higher dose of nifedipine.9
Throughout the various treatment periods, patients
used sublingual nitroglycerin tablets to relieve pain.
Six patients were assessed in hospital throughout the
study and the other three patients had drug treat-
ment periods at home. Patients were instructed to be
mobile in and around the hospital or at home during
the drug treatment periods. During the initial in
hospital assessment period when all antianginal
medication was discontinued, patients were advised
not to undertake full activity in order to avoid fre-
quent pain. The purpose of this part ofthe study was
to identify patients with ST segment changes at
night and at rest.
At the end of each treatment period, patients had

ambulatory ST segment monitoring for 48 hours and
kept angina diaries. Routine treadmill exercise tests
were performed at the end of each five day treatment
period.

Table 1 Severity of coronary artery disease and the number and duration of painful and painfree episodes of ST segment
change during the day and night during 24 hour ambulatory ST segment monitoring in patients who were off all
antianginal medication

Type of coronary Total Nocturnal Total Number of
Patient artery disease episodes episodes duration (min) painful episodes

1 3 7 2 473 2
2 1 11 3 446 0
3 3 1 1 1-5 316 2
4 3 13 2-5 127 6-5
5 3 11 3 133 4
6 3 2 1 55 2
7 3 12 3 125 4
8 3 8-5 1 264 1
9 3 6 2 150 4
Mean (SD) 9-1 (3-5) 2-1 (0-8) 228 (160) 2-7 (1-9)
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Medical treatment of patients with severe exertional and rest angina

AMBULATORY ST SEGMENT MONITORING
ST segment monitoring was performed with the
Oxford Medilog II frequency modulated recorders
which give good reproduction of low frequency (0-05
- 40 Hz < 3 dB down) electrocardiographic signals.
The bipolar lead CM5 was recorded continuously
for 24-48 hours, initially with the patient off all med-
ication and then at the end of each drug treatment
period. The tapes were analysed at 60 times normal
speed on the Oxford Instruments MA 20 analyser
and the time, duration, and maximum magnitude of
ST segment depression or elevation during each epi-
sode were noted. The heart rate at the onset of ST
segment change was also noted for each episode.
Significant ST segment depression was defined as a

shift of 1 mm or greater in magnitude 0-08 seconds
after the J point that persisted for at least 30 seconds.
Significant ST elevation was defined as a shift of the
J point of > 1 mm that persisted for more than half
a minute. The number, duration, and maximum
magnitude of episodes were measured. The number
of nocturnal, painful, and painfree episodes were
also noted in each treatment period.

EXERCISE TESTING
Symptom limited maximal exercise tests were per-
formed by all patients at the end of each five day
treatment period according to the modified Bruce
protocol. Patients had had at least two previous exer-

cise tests before the study began. Significant ST
segment depression was defined as a planar or down-
sloping shift of the ST segment of > 1 mm 0 08 sec-
onds after the J point. Tests were terminated if ST
segment depression of > 2mm occurred with or
without pain or if severe chest pain, hypotension,
arrhythmias, or exhaustion developed. The heart
rate, systolic blood pressure, and rate-pressure prod-
uct were measured at rest and at the onset of 1 mm
ST segment depression during each treatment

period and the duration of exercise to 1 mm ST
segment depression was noted.

STATISTICAL ANALYSIS
The different drug treatment periods were compared
by analysis of variance. When the f value was

significant, a paired t test was used to compare

treatments.

Results

During the initial assessment period all patients had
reversible episodes of ST segment change-ST
depression in eight and ST elevation in one-both
during the day (mean (SD) 9 1 (3 5) episodes) and at
rest at night (mean (SD) 2 1 (0 8)) during each 24
hour period (table 1). Only a mean of 30% of epi-
sodes were accompanied by pain. One patient (case
2) could not tolerate isosorbide mononitrate because
of headaches and nausea and another patient (case 7)
could not tolerate nifedipine because headaches
occurred even at a lower dose. In these two patients
assessment was limited to only two drugs.

HEART RATE
The heart rate throughout the day and night was
significantly (p < 0 01) lower on atenolol than dur-
ing the initial assessment period when patients were
off all antianginal medication or when they were
treated with nifedipine or isosorbide mononitrate.
The heart rate on nifedipine and isosorbide mono-

nitrate, however, was not significantly different
either during the day or at night from that during the
initial assessment period when all antianginal medi-
cation was discontinued.

EXERCISE TEST
Table 2 shows the duration of exercise to 1 mm ST
segment depression during the different drug treat-
ment periods. The mean duration of exercise to

Table 2 Rest and exercise haemodynamic function and duration of exercise to I mm ST segment depression during
different drug treatment periods. Values given are mean (ISD)

p value

Atenolol Nifedipine
Atenolol vs vs

Isosorbide vs isosorbide isosorbide
Atenolol Nifedipine mononitrate nifedipine mononitrate mononitrate

Rest:
Heart rate (beats/min) 60(13) 91(14) 86(12) 0-01 0-01 NS
Systolic blood pressure (mmHg) 130(28) 142(26) 149(34) NS NS NS
Rate-pressure product (x 103) 8(3) 129(3) 126 (4) 005 0-01 NS

1 mm ST depression:
Heart rate (beats/min) 81(11) 118 (28) 109(17) 0-01 0-01 NS
Systolic blood pressure (mmHg) 146(31) 158(28) 166(38) 0-01 0-01 NS
Rate-pressure product 11-9(3) 20 4(7) 18(4 8) 0-01 0 01 NS
Duration (min) 3-6(0 9) 3-2(2-7) 2 3(1) NS 0 01 NS
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ischaemia was significantly greater with atenolol
than with isosorbide mononitrate (p < 0 01). When
individual responses were analysed only one patient
reached the same level of exercise before ST segment
depression developed on both atenolol and iso-
sorbide dinitrate, whereas all other patients achieved
a greater workload with atenolol (fig 1). The mean
workload achieved on nifedipine was 11 % less in the
group as a whole than that achieved on atenolol. In
two patients similar workloads were achieved befor
ischaemia developed with the two drugs and on
patient (case 2) reached a greater workload on -
edipine than on atenolol (fig 1). In the seven ients
in whom treatment with both nifedipine and iso-
sorbide mononitrate can be compared there was no
significant difference in exercise duration between
these drugs.
The mean resting heart rate was measured after

the patient stood for two minutes before the exercise
test. It was significantly lower on atenolol than on
nifedipine (52%, p < 0 01) or on isosorbide mono-
nitrate (43%, p < 0 01) (table 2). There was no
difference in resting heart rate between nifedipine
and isosorbide mononitrate (p > 0 05). There was
no significant difference between the resting systolic
and diastolic blood pressure during the different
treatment periods. The heart rate and double prod-
uct (heart rate x systolic blood pressure) were both
significantly lower at the time of onset of 1 mm ST
segment depression during exercise testing on
atenolol than on nifedipine (p < 0 01) or isosorbide
mononitrate (p < 0 01) (table 2). During exercise
there were no significant differences in these haemo-
dynamic indices between the nifedipine and the iso-
sorbide mononitrate treatment periods.

AMBULATORY ST SEGMENT MONITORING
Eight patients had episodes of ST segment depres-
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sion only and one patient had episodes of ST seg-
ment elevation and depression. The total number
and duration of episodes of ST segment change were
significantly lower during treatment with atenolol
than during treatment with nifedipine or isosorbide
mononitrate (fig 2). Three patients had no episodes
of ST segment change during treatment with
atenolol. Comparison of individual responses on
atenolol and on nifedipine showed that two patients
had a similar number of episodes during both treat-
ment periods but that the duration of episodes was
reduced on atenolol. In all the other patients the
number of episodes was greatly reduced on atenolol.
Eight patients had fewer episodes of ST segment
depression on atenolol than on isosorbide mono-
nitrate. In the remaining patient the number of epi-
sodes of ST segment change on the two drugs was
similar but their duration was greatly reduced on
atenolol. Nocturnal ST segment changes recurred in
only three patients on atenolol, in three patients on
nifedipine, and in four patients during treatment
with isosorbide mononitrate. The frequency and
duration of nocturnal ST segment change were less

121 Episodes of ST depression
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Fig 1 Duration of exercise to I mm ST segment depression
during different treatment periods. Individual patient
responses and their -means (1 SE) are shown.
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Fig 2 Daily frequency of daytime and nocturnal (shaded
columns) episodes of ST depression, their duration and
magnitude, and the frequency of painful episodes during the
initial off treatment period and during various treatment
periods. Results are expressed as means (I SE).-
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Medical treatment of patients with severe exertional and rest angina

during each treatment period than during the initial
assessment period when patients were off all anti-
anginal medication.

Pain was much less frequent on atenolol; four
patients experienced no pain at all during the 48 hour
monitoring period (fig 2). Two patients became pain
free on nifedipine and five had less pain on atenolol
than on nifedipine. Two patients experienced more
pain on atenolol than on nifedipine, although the
number of painfree episodes of ST segment change
and their duration were greater on nifedipine. In all
patients the frequency of pain on atenolol was
significantly less than that experienced on isosorbide
mononitrate (65%, p < 0-01). There was no overall
significant difference in pain frequency between iso-
sorbide and nifedipine treatment periods (p > 0-05).

ADVERSE EFFECTS
None of the patients had more episodes of angina
during any of the three treatment periods than dur-
ing the initial assessment period when they were off
all antianginal medication. One patient was intoler-
ant of nifedipine and one of isosorbide mononitrate
and they were assessed on two drugs only.

Discussion

ST segment changes have been shown to be reliable
indicators of underlying myocardial ischaemia'0"
with the magnitude of change signifying either the
size of myocardium affected or the severity of the
ischaemia." With the recent advent of frequency
modulated recording systems it is possible faithfully
to record and reproduce ST segment changes occur-
ring during normal daily activities. 2 This technique
provides an increased insight into the frequency of
daily ischaemia experienced by a patient with angina.
It not only detects painless episodes of myocardial
ischaemia, but also demonstrates the duration and
magnitude of each episode of ischaemia. Some
patients develop ischaemia that is entirely
painfree' 13 and it is thus unreliable to depend totally
on a patient's history of chest pain as an indicator of
the frequency of myocardial ischaemia. Further-
more, the history does not always indicate the sever-
ity and duration of the ischaemic episode.'
Ambulatory ST segment monitoring also allows the
detection of ischaemia not only on exertion during
the daytime but also at rest and at night.
There has been controversy about the patho-

physiology of ischaemia that occurs at night and at
rest. Several studies have demonstrated that
ischaemia occurring at rest is secondary to factors
which primarily reduce coronary blood flow, such as
coronary spasm or platelet aggregation.2-4 14 If this
mechanism is important vasodilators such as nif-

edipine or isosorbide mononitrate would be expected
to improve rest angina and ischaemia. Furthermore,
I adrenoceptor antagonists theoretically may be con-
traindicated in these patients because they can
increase coronary vascular resistance by direct I1
receptor blockade and unopposed oa receptor stimu-
lation.'5 It is important to establish which form of
medical treatment is most suitable for the consid-
erable numbers of patients with. severe coronary
artery disease and frequent rest and exertional
angina.
We compared the efficacy of three established

antianginal agents, which are currently widely used
and have diverse modes of action, in the treatment of
patients with exertional and nocturnal angina. We
also assessed whether any agent was likely to cause
deterioration of myocardial ischaemia experienced
during normal daily activities or at night. Atenolol is
a J31 selective receptor antagonist with no intrinsic
sympathomimetic activity.'6 It has been shown to be
an effective antianginal agent in placebo trials and as
effective as other ,B receptor antagonists. 17 At a dose
of 100 mg daily atenolol has significant negative
chronotropic effects. In this study it reduced the
heart rate and rate-pressure product not only at rest
during the day and night but also on exercise. Thus,
atenolol must have reduced myocardial oxygen con-
sumption at rest and on exercise.

Nifedipine is a calcium channel blocking agent
with no appreciable negative chronotropic effects.'8
Calcium antagonists are effective smooth muscle
relaxants, causing not only peripheral arteriolar
vasodilation but also coronary arterial dilatation.'9
Nifedipine is an effective antianginal agent not only
in patients with exertional angina20 but also in
patients with variant angina and unstable

212angina. 22 Some studies, however, have demon-
strated a variable response to nifedipine. Although
patients improved at a lower dose of 30 mg a day they
became worse at higher doses.9 To overcome this we
started all patients on 10 mg of nifedipine three times
daily for the first two days and increased the dose to
20 mg three times daily thereafter. If no deterio-
ration in symptoms occurred this dose was con-
tinued. Isosorbide mononitrate is more reliably and
effectively absorbed from the gastrointestinal tract
than isosorbide dinitrate.23 Isosorbide mononitrate
reduces ventricular end diastolic pressure and
probably also has direct coronary arterial dilating
action.2425 At a dose of 40 mg twice daily it was
effective in improving the exercise haemodynamics
and pain frequency in patients with angina pec-

*26toris.
The results ofambulatory ST segment monitoring

demonstrate that overall the patients improved most
on atenolol in terms of the number, duration, and
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magnitude of episodes of myocardial ischaemia
experienced. The effects of nifedipine and isosorbide
mononitrate were not significantly different. The
improvement on atenolol was not only striking with
the daytime exertion related episodes but persisted
during the episodes at rest at night. None of the
patients experienced worsening of angina, either
daytime or nocturnal, on atenolol.
Nocturnal ischaemia was improved on all three

drugs; most patients did not experience nocturnal
pain or ischaemia during any of the treatment
periods. When it did recur, the frequency and
duration of nocturnal ischaemia were less than dur-
ing the initial assessment off all antianginal medica-
tion. This result indicates, firstly, that atenolol was
effective not only in exertion related ischaemia but it
also improved or abolished nocturnal resting angina
without causing deterioration in any patient studied.
Secondly, nocturnal resting ischaemia can also be
treated effectively by the vasodilators nifedipine and
isosorbide mononitrate which are, however, consid-
erably less effective than atenolol for treating day-
time exertion related angina. Finally, the mechanism
of precipitation of nocturnal ischaemia in patients
with severe coronary artery disease is likely to be
multifactorial and a reduction of myocardial oxygen
demand by 0 receptor antagonists is probably the
most effective way of preventing ischaemia in this
group of patients.
Most patients in this study had three vessel coro-

nary artery disease, frequent angina, and greatly
reduced exercise tolerance. In order to characterise
the patients adequately, they were taken off all anti-
anginal medication so that ambulatory monitoring
could be performed. All patients had exertional
angina and the purpose of this phase of the study was
primarily to identify those patients who also had
demonstrable nocturnal ischaemia. Patients were all
admitted to hospital for this phase and advised not to
undertake normal activity. This advice was likely to
reduce exertion related ischaemia but would not be
expected to influence resting or nocturnal ischaemia.
For this reason, we have limited comparisons to the
three double blinded treatment periods in this study
because all these were performed in similar circum-
stances.
The only patient whose exercise response was

most markedly improved with nifedipine had single
vessel disease. This may be because this patient
differed from the others in that an increase in vaso-
motor tone was an important mechanism in pre-
cipitating myocardial ischaemia-hence the good
response to nifedipine and the relatively poor
response to atenolol. Further investigations in this
patient seemed to confirm this hypothesis as intra-
venous ergometrine produced pronounced localised

coronary vasoconstriction.
Atenolol also increased the duration of exercise to

ischaemia during conventional exercise testing more
than isosorbide mononitrate did. Also only one
patient reached a greater workload on nifedipine
than on atenolol. As expected, the heart rate, blood
pressure, and the rate-pressure product at rest were
significantly lower on atenolol than on the two vaso-
dilators. At the onset of 1 mm ST depression the
heart rate and double product were lower on atenolol
and remained significantly lower despite the
duration of exercise being significantly longer on
atenolol than on nifedipine or isosorbide mono-
nitrate. This paradoxical reduction of the double
product at peak exercise despite an improvement in
exercise tolerance by ,B receptor antagonists has been
reported before.27 28 The apparently detrimental
effects of raising end diastolic filling pressure and
coronary vascular resistance produced by 13 blockers
may explain why the same rate-pressure product is
not reached before ischaemia develops.29 30 Because
all three drugs were beneficial in reducing the
frequency of nocturnal angina and because their
mechanisms of action are different, combination
treatment of such patients may be appropriate.20
None the less, the overall effect of atenolol in this
study was an improvement in exercise tolerance and
a considerable reduction in myocardial ischaemia
during the day and night. Thus 1 receptor blockade,
far from being contraindicated, is in fact of benefit in
patients who have severe exertional and nocturnal
angina caused by severe coronary artery disease.

We are indebted to the British Heart Foundation for
their support.

References

1 Quyyumi AA, Mockus L, Wright C, Fox KM. Mor-
phology of ambulatory ST segment changes in
patients with varying severity of coronary artery dis-
ease. Investigation of the frequency of nocturnal
ischaemia and coronary spasm. Br Heart J
1985;53:186-93.

2 Maseri A, Severi S, De Nes M, et al. "Variant" angina:
one aspect of a continuous spectrum of vasospastic
myocardial ischemia: pathogenic mechanisms, esti-
mated incidence and clinical and coronary arte-
riographic findings in 138 patients. Am J Cardiol
1978;42:1019-35.

3 Gorlin R. Role of vasospasm in the pathogenesis of
myocardial ischemia and angina pectoris. Am HeartJt
1982;103:598-603.

4 Folts JD, Crowell EB Jr, Rowe GG. Platelet aggre-
gation in partially obstructed vessels and its elimi-
nation with aspirin. Circulation 1976;54:365-70.

5 Quyyumi AA, Wright CA, Mockus LJ, Fox KM.
Mechanisms of nocturnal angina pectoris:
importance of increased myocardial oxygen demand

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.57.6.505 on 1 June 1987. D
ow

nloaded from
 

http://heart.bmj.com/


Medical treatment of patients with severe exertional and rest angina 511
in patients with severe coronary artery disease. Lancet
1984;i: 1207-9.

6 Guazzi M, Polese A, Fiorentini C, Magrini F, Olivari
MT, Bartorelli C. Left and right heart hae-
modynamics during spontaneous angina pectoris.
Comparison between angina with ST segment
depression and angina with ST segment elevation. Br
Heart J 1975;37:401-13.

7 Quyyumi AA, Wright CM, Mockus LJ, Fox KM. How
important is a history of chest pain in determining the
degree of ischaemia in patients with angina pectoris?
Br Heart J 1985;54:22-6.

8 Cecchi AC, Dovellini EV, Marchi F, Pucci P, Santoro
GM, Fazzini F. Silent myocardial ischemia during
ambulatory electrocardiographic monitoring in
patients with effort angina. J Am Coll Cardiol
1983;1:934-9.

9 Deanfield J, Wright C, Fox K. Treatment of angina
pectoris with nifedipine: the importance of dose
titration. Br Med J 1983;286:1467-70.

10 Samson WE, Scher AM. Mechanism of ST segment
alteration during acute myocardial injury. Circ Res
1960;8:780-7.

11 Holland RP, Brooks H. TQ-ST segment mapping:
critical review and analysis of current concepts.
Am J Cardiol 1977;40:110-29.

12 Bragg-Remschel DA, Anderson CM, Winkle RA. Fre-
quency response characteristics of ambulatory
electro-cardiographic monitoring systems and the
implications for ST segment analysis. Am Heart J
1982;103:20-31.

13 Schang SJ, Pepine CJ. Transient asymptomatic ST
segment depression during daily activity. Am J Car-
diol 1977;39:396-400.

14 Chierchia S, Brunelli C, Simonetti I, Lazzari M,
Maseri A. Sequence of events in angina at rest: pri-
mary reduction in coronary flow. Circulation
1980;61:759-68.

15 Robertson RM, Wood AJJ, Vaughn WK, Robertson D.
Exacerbation of vasotonic angina pectoris by pro-
pranolol. Circulation 1982;65:281-5.

16 Schwartz JB, Jackson G, Kates RE, Harrison DG.
Long term benefit of cardioselective beta blockade
with once daily atenolol therapy in angina pectoris.
Am Heart J 1981;101:380-5.

17 Jackson G, Harry JD, Robinson C, Kitson D, Jewitt
DE. Comparison of atenolol with propranolol in the
treatment of angina pectoris with special reference to
once daily administration of atenolol. Br Heart J
1978;40:998-1004.

18 Antman EM, Stone PH, Muller JE, Braunwald E. Cal-
cium channel blocking agents in the treatment of car-

diovascular disorders. Part 1. Basic and clinical
electrophysiologic effects. Ann Intern Med 1980;
93:875-85.

19 Fleckenstein A. Specific pharmacology of calcium in
myocardium, cardiac pacemakers and vascular
smooth muscle. Annu Rev Pharmacol Toxicol
1977;7:149-66.

20 Lynch P, Dargie H, Krikler S, Krikler D. Objective
assessment of antianginal treatment: a double blind
comparison of propranolol, nifedipine and their com-
bination. Br Med J 1980;280:184-7.

21 Muller JE, Gunther SJ. Nifedipine therapy for Prinz-
metal's angina. Circulation 1979;57:137-9.

22 Hugenholtz PG, Michels HR, Serruys PW, Brower
RW. Nifedipine in the treatment of unstable angina,
coronary spasm and myocardial ischemia. Am J Car-
diol 1981;47:163-73.

23 Abshagen U, Sporl-Radun S. First data on effects and
pharmokinetics of isosorbide mononitrate in normal
man. Eur J Clin Pharmacol 1981;19:423-9.

24 Bodigheimer K, Nowak FG, Delius W. Vergleichende
invasive Untersuchung uber die Wirking von
Isosorbid-5-Moninitrat und Isosorbiddinitrat bei
chronischer Herzinsuffizienz. Med Welt 1981;
32:543-7.

25 Rafflenbeul W, Urthaler F, Russell RO, James TN,
Lichtlen PR. Quantitative coronary angiography:
effect of isosorbide dinitrate on coronary artery steno-
sis. In: Lichtlen PR, Engel HJ, Schrey A, Swan HJC,
eds. Nitrates III. Berlin, Heidelberg, New York:
Springer-Verlag, 1981:231-7.

26 Uberbacher HJ, Glocke M, Abshagen U. Lan-
zeitvertraglichkeit und koronartherapeutische Wirk-
samkeit von Isosorbid-5-Mononitrat; offene
Multicenter-Studie unter Praxisbending-ungen mit
ISMO 20. MMW 1983;125:76-8.

27 Ho SWC, McComish MJ, Taylor RR. Effect of beta-
adrenergic blockade on the results of exercise testing
related to the extent of coronary artery disease. Am J
Cardiol 1985;55:258-62.

28 Quyyumi AA, Wright C, Mockus L, Fox KM. Effect of
partial agonist activity in beta blockers in severe
angina pectoris: a double blind comparison of pin-
dolol and atenolol. Br Med J 1984;289:951-3.

29 Gianelly RE, Treister BL, Harrison DC. The effect of
propranolol on exercise induced ischemic S-T seg-
ment depression. Am J Cardiol 1969;24:161-5.

30 Sonnenblick EH, Braunwald E, Williams JF, Glick G.
Effects of exercise on myocardial force-velocity
relations in intact unanesthetised man: relative roles
ofchanges in heart rate, sympathetic activity and ven-
tricular dimensions. J Clin Invest 1965;44:2051-62.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.57.6.505 on 1 June 1987. D
ow

nloaded from
 

http://heart.bmj.com/

