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Beta adrenoceptor antagonists after myocardial
infarction-where are we now?
D A CHAMBERLAIN
From Royal Sussex County Hospital, Brighton

We have reached a milestone in our attempts to
achieve secondary prevention after myocardial infarc-
tion. At last the evidence is compellingl 2 that a group
of drugs can reduce mortality as a result of long term
administration during the convalescent phase and
afterwards.

Timolol,3 metoprolol,4 propranolol,5 and sotalol6
have recently been subjected to well conducted ran-
domised clinical trials with designs which have taken
account of lessons learnt from earlier studies.7 Mortal-
ity within the treated groups has been reduced by 186
to 36%3; the reduction achieved conventional levels of
significance in three of these trials.3-5 An additional
trial with propranolol8 showed a significant reduction
in sudden death (prospectively chosen as the end-
point) in the survivors of acute myocardial infarction
who were followed up for 12 months.
These beta adrenoceptor antagonists have diverse

ancillary properties. For example, of the four agents
only metoprolol has so-called cardioselectivity in that
it affects principally betal receptors, only sotalol has
class III antiarrhythmic activity (prolongation of the
action potential), and only propranolol has appreci-
able membrane stabilising activity at high plasma
levels. Timolol has none of these properties. It seems
likely that the benefit has been conferred by blockade
of the sympathetic innervation of the heart, little
influenced by ancillary properties unique to the drugs
in question. While no single trial can readily provide
evidence strong enough universally to influence man-
agement of the most important illness of our time,
collectively they leave little room for doubt. Physi-
cians must now reappraise whether or not prophylaxis
with beta adrenoceptor antagonists should be widely
recommended for patients who have survived the ini-
tial phase of infarction.
Not all trials of secondary prevention with beta

adrenoceptor antagonists have suggested a protective
effect: the clear trend has emerged particularly among
the larger recent studies in which treatment began in

the later stages of the acute illness. A convenient and
informative way of comparing the results of the pub-
lished trials to obtain a balanced view of the results
was designed by Baber and Lewis9; it will no doubt
find wide application in reviews of other contentious
topics.'0 Following their scheme, Fig. 1 shows the
results of the important secondary prevention tri-
als3 5 6 8 11-14 in which treatment with placebo or beta
adrenoceptor antagonists was started four to 14 days
after infarction. These studies were also characterised
by being large enough to have more than 20 deaths
recorded, having acceptable randomisation, and
availability of results on an intention-to-treat basis.1'
Each bar represents one trial, identified by the drug
which was used and by the first author or group-
identification of the report. The tall vertical division
extending from the baseline separates overall benefit
(to the right) from overall adverse effect (to the left).
The small vertical line within each bar shows the
mean effect obtained within each trial using the
stringent intention-to-treat method of analysis. The
width of the bars indicates 95% confidence limits:
thus, the more convincing the result the smaller the
bar. Only bars lying totally to one side of the division
provided results that achieved conventional levels of
significance, but the favourable trend is reinforced by
most trials. The tail to the left of each bar can be
longer than the tail to the right for statistical reasons
reflected in the baseline: a reduction in mortality of
more than 100% is impossible, but an increase in mor-
tality of more than 100% is a possible outcome.
The majority who now accept the evidence of these

trials will still want to know the answers to several
remaining questions. How do beta adrenoceptor
antagonists work in this context? If treatment is indi-
cated when should it be started and for how long
should it be continued? Does it matter which drug is
used and in what dose? Finally, and most important,
should all patients without contraindications to beta
blockade be treated? Unfortunately complete answers
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Fig. 1 The major late entry trials ofsecondary prevention after
myocardial infarction using beta adrenoceptor antagonists. The
full explanation is in the text. (Thefigure was kindly provided by
J A Lewis. See references 9 and 15.)

to these questions are not currently available. Judge-
ments must be made on incomplete evidence, and for
a time at least practice with regard to the use of beta
adrenoceptor antagonists may continue to vary be-
tween centres.

How do beta adrenoceptor antagonists confer
protection?

The manner in which beta adrenoceptor antagonists
confer long term protection for patients after myocar-
dial infarction remains speculative. Perhaps we
should be surprised that any single drug can be shown
convincingly to be efficacious in secondary prevention
after myocardial infarction, since two particular prob-
lems combine to pose a daunting challenge to the trial-
ist. The first is the relatively low mortality in the con-
valescent phase and the second the disparate mechan-
isms of death which have to be countered.
The total first year mortality in the placebo group of

major trials has not exceeded 15% except in a
Copenhagen alprenolol study'6 (which showed ano-
malous results in an older subgroup). While the low
mortality reflects in part the caution ofphysicians who
entered patients into trials, most deaths inevitably
occur before secondary prevention can be initiated.
Regarding the disparate mechanisms of death, the
several distinct factors concern the electrical stability
of the heart, the extent of existing myocardial nec-
rosis, and the severity of obstructive coronary artery
disease threatening viable and functioning myocar-
dium. Thus, some patients die as an indirect result of
old events while others die from new complications of
their underlying disease. Could a drug which
influences only one factor-the occurrence of lethal
arrhythmias for example-reduce overall mortality by
so conspicuous a margin as 26%, which is the average
reduction achieved in the major late entry trials? This

seems unlikely and we must entertain at least a suspi-
cion that more than one mechanism is operative.
The actions of beta adrenoceptor blocking agents

are complex and may influence the heart directly and
indirectly. Arrhythmias that are potentially lethal are
more likely to occur under conditions of heightened
sympathetic drive and thus may be reduced by effec-
tive blockade. Though the prevalence of non-fatal
ventricular arrhythmias in the early weeks after
myocardial infarction may not be reduced overall by
beta receptor antagonists,'7 those that are clinically
apparent often do respond to treatment,l8 and the
threshold for the experimental induction of ventricu-
lar fibrillation is raised by these drugs. 19 20 The possi-
bility of protection against a sudden arrhythmic death
must be strong. Moreover, indirect evidence suggests
that the balance between the supply of nutrients to the
myocardium and its metabolic requirement is
improved by beta adrenoceptor antagonists.2' Some
have postulated that an adverse balance maintained
long enough to cause myocardial damage, particularly
when induced by sympathetic stimulation, may initi-
ate the process which leads to infarction even in the
absence of fresh coronary occlusion as the primary
event.22 If this be the case, prognosis may be
improved by the same mechanisms as those that con-
fer on the drugs their antianginal properties. Beta
adrenoceptor antagonists have other actions to a vary-
ing degree, which may influence favourably the prog-
nosis of arterial disease or reduce the tendency for
new thrombus formation. Thus, with at least some
agents platelet aggregation is lessened,23 thromboxane
synthesis is influenced,24 blood pressure is lowered,
renin production is reduced,25 and altered lipolysis
modifies myocardial metabolism26 in an oxygen-
sparing manner.

Protective mechanisms influencing the results of
the trials may be reflected in a disparity between dif-
ferent types of new events in the placebo and treated
groups. Before considering the altered proportions of
those with sudden death on the one hand and reinfarc-
tion on the other, two important points should be
made. First, the mode of death is not easy to deter-
mine in patients who die outside hospital, and the
problems of categorisation are compounded in mul-
ticentre trials. Secondly, death and reinfarction are
not independent. Some of those who die suddenly do
so as a result of reinfarction. If a drug protects against
arrhythmic death in patients potentially in this group
it would be expected to increase the proportion having
non-fatal reinfarction, the increase representing those
who have been protected from early ventricular fibril-
lation. In fact, the major trials show not only a reduc-
tion in sudden death but usually an additional reduc-
tion in confirmed reinfarction which achieved statisti-
cal significance in two36 of them. The trend which is
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against that which would be expected from an antiar-
rhythmic effect alone suggests that beta adrenoceptor
antagonists are likely to confer benefit both by reduc-
ing the chances of sudden death and by influencing
favourably the risks of reinfarction.

When should treatment be started?

The optimum interval between infarction and the
start of treatment with beta adrenoceptor antagonists
may become clearer when the results of important
current studies are available. The issues are complex.
Most mortality after infarction occurs early; moreover
the full extent of myocardial necrosis can at this stage
be influenced by drugs which. spare myocardial
metabolic demands. Thus, drugs have most oppor-
tunity to influence both immediate outcome and late
prognosis when administered early. But powerful
arguments-some based on fact and others on
hypothesis-can be adduced for delaying the initia-
tion of beta blockade. Immediately after infarction
patients are most vulnerable to possible adverse
effects from reduced contractility and depression of
sinus and atrioventricular nodal function. Moreover
infarction is probably attended or even caused by
functional coronary constriction27 28; the beta recep-
tors of the coronary arteries are dilator,29 and their
blockade may leave unopposed the additional con-
strictor effect30 mediated by sympathetic influences
working through unblocked alpha receptors. Thus
with early intervention there is more to lose and more
to gain. The balance of benefit and harm may well
change more than once through the early hours and
first days of infarction, may differ between patients,
and may depend critically upon patient selection. For
the moment we can depend only upon the evidence
we have from relatively early intervention studies with
end results based upon mortality. Those in which
administration began within three days of the onset of
symptoms are represented in Fig. 24 1631-37 which
makes use of the same design as Fig. 1 for later inter-
vention trials. Only the Swedish metoprolol study, in
which treatment began after a mean delay of 11.3
hours, shows a clear-cut positive result. Even here,
the data suggest that the benefit occurred after the
first 10 days of treatment. Thus, no trend towards
benefit emerges in early intervention studies which
have mortality as an end point. A trial of intravenous
atenolol38 in patients with suspected myocardial
infarction has, however, suggested that infarct size
may be limited. The drug seems capable of relieving
pain in the acute stage of infarction,39 which also sug-
gests a favourable effect, but data are awaited on a
more extensive early entry study relating to prognosis.

Early intervention trials have inherent design
difficulties. Diagnosis at the outset of chest pain can-
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Fig. 2 The major early enty trials ofsecondary prevention
after mvocardial infarction using beta adrenoceptor antagonists.
The full explanation is in the text. (Thefigure was kindly
provided byJ' A Lewis. See references 9 and 15.)

not always be established reliably, and the numbers
truly at high risk are diluted by patients known in
retrospect to have coronary insufficiency or even
non-cardiac pain-which carry little or no early mor-
tality. Even contraindications to beta blockade may be
less apparent at this stage. We must conclude for the
moment that the case for early intervention has not
been made. If treatment for secondary prevention by
beta adrenoceptor agents is to be given, the drugs
should on present evidence be started a few days after
infarction unless special reasons exist for earlier inter-
vention.

How long should treatment be continued?

Advice is more difficult to provide on the vexed ques-
tion of when treatment should reasonably be stopped
in those for whom secondary prevention is appropri-
ate. We know only that the mortality curves for
patients on placebo and those on active treatment in
most recent trials move apart for at least six months
and sometimes for 12 to 18 months5 6 before tending
to run parallel. Separation of the curves seemed to
continue even longer in the timolol trial.3 What can
we conclude? Only that prophylaxis should be con-
tinued for a minimum of six months; in practice, most
physicians will want to maintain the tablet regimen
for longer-three years or more-if this be practicable
and the patient is not inconvenienced by obtrusive
unwanted effects. It must be stressed that mortality
curves which run parallel do not indicate absence of
maintained benefit; this would be signalled by early
convergence of curves while medication continued.
The crucial test has not been made. Further randomi-
sation of the group on active treatment at some time
when the value of intervention had been shown could
be used to show either that the trend for the new
placebo subgroup deviates unfavourably from those
still on beta blockade (that is treatment would better
have been continued) or that the new division made
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no detectable difference (that is all treatment could
reasonably have stopped). Theoretically this way of
terminating a trial with a positive outcome is attrac-
tive, but the logistics would be daunting both because
numbers enrolled would have to be very large and
because interpretation would be confused by "drop-
ins"-patients who would not tolerate cessation of
treatment on symptomatic grounds. Probably we will
never have better evidence than that already available
to us, so that clinical judgement will remain untram-
melled by demonstrable facts.

Which drugs are appropriate for secondary
prevention?

The cautious physician, anxious to ensure that his
patients share the benefits demonstrated by the trials,
will imitate exactly one of the prescriptions shown to
be successful in secondary prevention. The case for
sotolol and alprenolol is suggestive but not unassail-
able, the oxprenolol trials so far offer little support for
a protective effect, and no trials have been reported
for several other beta adrenoceptor antagonists. He
will turn, therefore, to the use of timolol 10 mg twice
daily, metoprolol 100 mg twice daily, or propranolol
in a dose ranging from 180 mg to 240 mg daily. The
optimum dosage of beta adrenoceptor antagonists is,
however, rarely a matter for critical adjustment
despite vagaries of first pass metabolism influencing
blood levels of some40 and unusually slow metabolic
oxidation that can affect others.4' It seems likely that
conventional blocking doses of all the available drugs
in this class share-at least to a degree-the protective
value shown for some of them. But the possibility
remains that some confer greater protection than
others for reasons that have not at present been
defined. All manufacturers of beta adrenoceptor
antagonists will be anxious to have trials demonstrat-
ing the benefits of their own product. Unfortunately
for the cause of therapeutic justice most physicians
will now feel that the time for long term trials of active
beta blockers against placebo in the convalescent
phase of infarction has passed. A placebo group may
be unethical, and comparative trials would require
numbers that are unrealistic. On the questions of
which drug and in what dosage, we have very nearly
all the information which will ever be forthcoming
unless new data emerge on mechanisms of action
which are not shared equally by the available agents in
this class.

Should all patients without contraindications be
treated?

Though secondary prevention with beta adrenoceptor
antagonists has been demonstrably effective under the

conditions of the best trials, their value in routine
clinical practice has not yet been clearly defined. To
do so is of crucial importance. Those most closely
involved in trials understand best what blunt instru-
ments they usually are, and perhaps few are so blunt
as those with beta blockers. The problems are mani-
fold.

First we must consider their unwanted effects.
Many patients cannot tolerate beta blockade because
of impaired myocardial function, conduction disor-
ders, asthma, and-less importantly-peripheral vas-
cular disease and insulin dependent diabetes. Not all
the trials gave adequate details of the proportion of
patients excluded or withdrawn because of contrain-
dications, but approximately 30% have been consi-
dered unsuitable for treatment. With more wide-
spread and less skilled use of beta receptor antagonists
in secondary prevention some patients will be treated
inappropriately. The risks of widespread use of the
drugs in angina have been proved small, but patients
are more vulnerable after infarction. The balance of
risk against benefit may tilt enough to lessen the over-
all favourable impact of therapy when treatment is
initiated more frequently without the benefits of skil-
led clinical observation, good quality radiology, and
electrocardiography. Even those on treatment
appropriately will suffer side effects that may have an
important impact on the quality of life.42 We must be
sure that the advantages are commensurate, particu-
larly when we learn from the timolol trial that on
average every life saved (that is death postponed)
necessitated approximately 24 patient-years of treat-
ment.43 The position is different in the presence of
angina, for drugs that relieve an unpleasant symptom
may be acceptable even if they cause side effects; but
in symptomless patients after infarction the problems
are similar to those in hypertension where compliance
is a well recognised problem.
The frequency with which angina complicates the

post-infarction phase must not be overlooked, and
indeed may have exaggerated the apparent role of beta
blockade as routine treatment for secondary preven-
tion. The placebo group in all trials included patients
with angina: all reasonable efforts will have been
made to keep them in the trial by the liberal use of
glyceryl trinitrate, save when the symptoms were
severe enough to justify withdrawal. But the presence
of angina is a marker of risk. Accepting now that beta
blockade does reduce mortality, and accepting that in
ordinary clinical practice those relatively high risk
placebo patients with angina would have received beta
adrenoceptor antagonists on symptomatic grounds, we
may suspect, in retrospect, that the trial conditions
increased slightly the overall mortality in the placebo
groups. If this be the case, the trials may not have
answered the question we really should pose: how far

108

 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.49.2.105 on 1 F
ebruary 1983. D

ow
nloaded from

 

http://heart.bmj.com/


Beta adrenoceptor antagonists after myocardial infarction-where are we now?

does beta blockade reduce mortality in those patients
after infarction who do not have an existing indication
for treatment? We have no satisfactory way of obtain-
ing this information.

Unfortunately angina is not the best marker of risk.
But many now believe that effort testing in the conva-
lescent phase after infarction can be used to identify
patients threatened by serious obstructive lesions of
the coronary arterial supply of functioning myocar-
dium, and that in this group will be found most of
those destined to die within the ensuing year or so.
The criteria used to identify risk have varied and have
been based upon variables such as the occurrence of
angina or an inadequate blood pressure response to
exercise," the prevalence of ventricular arrhyth-
mias,45 initial chest x-ray appearances," ejection frac-
tion,47 and ST segment depression during effort
tests.4448 Theroux and his colleagues48 obtained a
very clear cut result with the relatively simple techni-
que of selecting patients based upon new ischaemic
changes occurring in lead V5 of the exercise elec-
trocardiogram. The majority of patients, 66% of the
total, showed no fresh changes and had a one year
mortality of 2lo. The remainder with fresh changes
had a mortality more than 10 times higher. If it be
true that an identifiable majority of patients after
infarction have a very low mortality subsequently,
then this majority of patients requires no drug treat-
ment at all for secondary prevention. We must refine
our techniques for identifying long term risk as a mat-
ter of urgency. Even then the role of beta adrenocep-
tor antagonists requires further definition, for surgery
too may be shown to alleviate risk after infarction as it
undoubtedly can for selected patients with angina.49

Some conclusions

Where are we now? We have reached our milestone
and we must select carefully the best way ahead.
Many important questions will remain forever
unanswered, but our main objectives should be clear.
After myocardial infarction, patients with angina and
other existing indications for beta adrenoceptor
antagonists should be identified and treated with
renewed enthusiasm. We should learn to screen the
remaining patients for evidence of high risk using
methods which offer the best compromise between
simplicity and predictive accuracy, and treat these by
whatever means is most appropriate. For the present
and in the absence of contraindications the beta bloc-
kers have no serious contenders for medical manage-
ment. Many patients, however, do not require the
burden of maintenance drug treatment.

My thoughts about beta blockade for the secondary
prevention of myocardial infarction have evolved

largely as a result of discussions with colleagues whose
views have often been more perceptive than mine.
They include Professor Desmond Julian, Dr Richard
Vincent, Professor John Hampton, Dr Nigel Baber,
Professor Geoffrey Rose, and Mr John Lewis. Any
useful concepts are likely to be theirs, and any errors
are surely mine.
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