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Regular Review

Timolol after myocardial infarction: an answer or a new
set of questions?

J R A MITCHELL

"How long halt ye between two opinions? . . . Let them
therefore give us two bullocks and let them choose one bullock
for themselves and cut it in pieces and lay it on wood and put no
fire under, and I will dress the other bullock and lay it on wood
and put no fire under. And call ye on the name of your gods
and I will call on the name of the Lord. And the God that
answercth by fire let him be God. And all the people answered
and said, it is well spoken."

I KINGS XVIII, 21-24

This early controlled trial illustrates very vividly the advantages
and problems of our main tool for investigating the effect of
treatment. The end point chosen by Elijah was immediate and
clearcut so it could be observed by everyone. It resembled early
trials of treatment in previously fatal conditions such as dia-
betes, pernicious anaemia, and tuberculous meningitis, where
the first survivals showed that insulin, liver, and streptomycin
respectively worked. This contrasts sharply with trials in
chronic diseases, where end points such as death or disability

accumulate slowly over many years, leaving ample scope for
many variables to influence outcome. Elijah attempted a
contemporaneous comparison of like with like, so that the only
factor which should have influenced outcome was a difference
between the regimens under scrutiny. Purists will immediately
see that by allowing the trialists to choose their own bullocks
he introduced potential bias. Random allocation would have
prevented him from selecting a readily combustible animal for
himself whereas his enemies were given a less flammable beast.
In our clinical trials we must be sure that the groups used are
comparable in all respects other than the variable under scru-
tiny. An ideal trial thus has a clear and objective end point
and is conducted so that the presence or absence of the treat-
ment being tested is the only difference between the groups.
Such perfection is unattainable in the real world, especially in
chronic conditions with a variable and unpredictable natural
history, such as myocardial infarction, stroke, and cancer,
where trials are difficult to mount but easy to criticise.
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Survival after infarction-When a patient survives his first
myocardial infarction he has a 10% chance of dying in the
first year. Three hazards still face him.' Firstly, his heart may
have been so damaged by ischaemic necrosis that he will
develop mechanical pump failure. The only useful strategy here
is the primary prevention of the initial infarction or the identi-
fication of regimens to limit infarct size. Secondly, he may

develop arrhythmias as an electrical consequence of his myo-
cardial damage or of the underlying unequal perfusion which
produced it. Finally, he may reinfarct and set in train another
round of mechanical and electrical consequences. Infarction
and reinfarction are directly related to thrombotic coronary

occlusion, so this has led to trials of anticoagulants and platelet-
modifying agents in the secondary prevention of death after
infarction. Unheralded sudden arrhythmic death, however,
seems to be less closely related to thrombotic occlusion than to
the severity of coronary atheroma (perhaps acting as a source
for microemboli) and to the amount of myocardial scarring and
dysfunction.2

In an ideal world our strategy would begin with the pre-

vention of the initial infarction by primary intervention. When
this fails we would try to prevent sudden death in the com-

munity by training our citizens in cardiopulmonary resuscita-
tion, thus allowing us to transport survivors of infarction
to hospital, where treatment with infarct-limiting and anti-
arrhythmic agents could be begun.3 Having reduced the risk of
immediate death from mechanical and electrical problems, we

could then give attention to minimising the chances of
recurrence by antithrombotic regimens and to reducing the
harmful effects of reinfarction, such as pump and electrical
failure, with infarct-limiters and rhythm controllers. Such an
idealised strategy shows that survival after infarction is deter-
mined by a complex network of variables: the risk factors
which were present before the index event; the severity of the
initial necrosis as a determinant of pump failure; the electrical
instability of the heart, and, finally, the risk of developing a
further infarction. To these must be added non-specific
complications such as venous thromboembolism, related
diseases in other vascular territories such as stroke, and other
causes of death such as cancer and accidents. The requirements
of a secondary prevention trial after myocardial infarction are
more elaborate than two bullocks on piles of wood, and to allow
for the variable natural history and for the diluting effect of
non-vascular disease we must study very large numbers of
patients for several years.

Conduct of postinfarction trials-We need to be sure that the
groups studied are comparable in respect of the critical vari-
ables which determine outcome; we need to distinguish clcarly
between the three different cardiac determinants of survival
(mechanical, electrical, and reinfarction), and we need to

recognise that patients do not behave like the bullocks, which
stayed in the trial until the agreed end point was reached.
Patients may withdraw from a trial for many reasons of equally
diverse validity; the only satisfactory way to judge the total
benefit or harm which results from a regimen is to describe the
fate of all the patients entered irrespective of their treatment

status at the time of analysis.45 Failure to provide total data on

this basis of "intention-to-treat" by ignoring the fate of patients
who were no longer on treatment, and by regarding certain end
point events as "non-analysable" and "non-eligible" contribu-
buted to the sceptical reception of the sulphinpyrazone trial
(ART) by the profession6 and by licensing authorities.7
Data on the outcome in all entered patients are needed to answer

the practical question facing a prescribing doctor-namely, "If
I give this patient, who has now recovered from his initial
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infarction, drug X will his overall chance of survival or of
escaping disability be increased ?"

Beta-blockers after infarction: the theory-At least two of
the hazards facing an infarct survivor are influenced by the
amount of his sympathetic drive, since the incidence of
arrhythmias and the work done by the left ventricle are both
increased by catecholamines. In animals denervation of the
heart by stellate ganglionectomy has been shown to reduce
arrhythmias, limit infarct size, and improve survival after
coronary ligation,8 9 so the synthesis of beta-blockers offered
the possibility that they would modify the natural history of
myocardial infarction. The first such drug widely available
for clinical use was propranolol, followed over the years by a
bewildering range of agents with a variety of properties which
need to be described when we try to compare one beta-
blocker with another.'0 Firstly, the ratio between their
ability to affect cardiac receptors (P,) and receptors sub-
serving the bronchial wall and other parts of the body (p2)
makes agents cardioselective or non-selective. Next, some
agents mimic adrenergic activity as well as blocking it-so
called partial agonist or intrinsic sympathomimetic activity.
Thirdly, some beta-blockers possess a non-specific membrane-
stabilising activity. Fourthly, their lipid solubility varies, and
this determines their ability to cross the blood-brain barrier
and to produce sedation or anxiolytic effects. Finally, their
rate of removal from the body, either on their first circulation
(the "first-pass" effect) or subsequently, varies, as does
their rate of removal from receptor sites and their metabolic
degradation pattern. An adequate description for a beta-
blocker thus needs to state whether it is selective and has
intrinsic sympathomimetic activity or membrane-stabilising
activity, how lipid soluble it is, and how speedily it is cleared
from the body, because these characteristics may confer
benefits and problems over and above its beta-blocking
activity. Furthermore, in common with many drugs used in
cardiovascular disease, such as vasodilators," 12 beta-blockers
can affect platelet behaviour and so might modify the third
hazard facing an infarct survivor-namely, reinfarction due
to thrombotic coronary occlusion. However, the dextroisomers
of beta-blockers, which are not themselves beta-antagonists,
may, nevertheless, possess platelet-modifying effects so
platelet activity and beta-receptor blockade do not necessarily
run in parallel. We need to remember these points when we
compare the results obtained when beta-blockers are tested
in infarct survivors, since the individual members of such a
large group may be as diverse in their additional effects as
tolbutamide and insulin, both of which lower blood sugar, or
sulphinpyrazone and allopurinol, both of which lower urate.

Beta-blockers after infarction: the practice-When pro-
pranolol became available an early clinical trial suggested a
favourable effect'3 in acute infarction, but later more tightly
controlled studies failed to confirm this.'4 16 Trials based on
small numbers of patients cannot detect small differences in
outcome between the treated and untreated groups, so we
must be cautious in claiming that a regimen is of no benefit
when the confidence limits of the observed results do not
permit this. The need to avoid this type II error is important
in assessing the numbers of patients needed in therapeutic
trials.17 The next suggestion that beta-blockers could reduce
mortality after infarction came from the G6teberg group, who,
in a late entry trial, found that seven deaths occurred in a
group of 106 infarct suvivors receiving alprenolol for two
years as opposed to 14 deaths out of 108 patients receiving
placebo.'8 Further subgroup analyses were performed and
showed that there were three sudden deaths in the alprenolol
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and 11 in the placebo groups, but a general note of caution
needs to be sounded, for if 50 subgroups were to be scrutinised
retrospectively in a trial, one of them could show spurious
significance (type I error) at the p=0-02 level.

In 1975 a much larger late-entry trial of practolol was
reported.'9 This time the total deaths in the original intention-
to-treat groups were 94 out of 1524 patients treated with
practolol and 117 out of 1514 patients treated with placebo-
not an impressive difference. However, when the deaths in
patients still on treatment were compared or when further
subgroups not allowed for in the original trial design were
analysed the authors argued that patients with anterior
infarction who continued on treatment were especially helped.
The dangers of such retrospective analysis as opposed to
prospective allocation on the basis of predetermined entry
criteria must again be emphasised. However, the occurrence
of serious, long-term side effects with practolol meant that
the continuing debate about how to analyse the results became
pointless.

Finally, a Danish group20 reported that treatment with
alprenolol, initiated soon after admission, reduced the 12-
month death rate in patients under 65 (13 deaths out of 140
treated with alprenolol and 29 out of 142 treated with placebo).
Their age stratification was prospective, so strictures on
retrospective data-dredging do not apply, but when we look
at the outcome in the over-65s we find a mirror-image:
48 out of 98 patients treated with alprenolol died but only
35 out of 100 who received placebo. If one now adopts the
pragmatic approach and looks at total deaths according to
their original intention-to-treat categories, there were 61
deaths in the 238 who received alprenolol and 64 in the 242
who received placebo. As Lewis Carroll2l said: "He thought
he saw an argument that proved he was the Pope; he looked
again and saw it was a bar of mottled soap; a fact so dread,
he faintly said, extinguishes all hope!" Thus, despite claims
that they reduce arrhythmias, cardiac work, and infarct size,
we still have no clear evidence that beta-blockers improve
long-term survival after infarction despite almost 20 years of
clinical trials.
Norwegian timolol trial: the design-A Norwegian multi-

centre study of timolol maleate22 is now being promoted as
the answer to all our previous doubts. Over a decade of
confusion should, however, prompt us to analyse this study
with obsessional care to see how and why it differs from its
predecessors. The 20 centres concerned serve a catchment
population of 1-3 million, and for 21 months they registered
for consideration for the trial all the men and women aged
between 20 and 75 in whom myocardial infarction was
suspected on arrival in hospital. If we regard what is to follow
as a hurdle race (see figure), we thus have 11 125 individuals
who jumped the first obstacle labelled "suspected infarction,"
and such an accession rate seems to be broadly in keeping
with the size of population served. After an unrevealed time
interval 4155 patients went on to jump the next hurdle by
achieving certain diagnostic criteria for myocardial infarction.
Herein lies the first of a series of questions which we must
pose as we scrutinise the report and which must be answered
by the organisers. We can guess that infarction had been
diagnosed before the sixth day in some patients and by the
27th in everyone, because the next hurdle, which was evalua-
tion for randomisation into the trial, had to lhave been jumped
before these days. The au-thors do not actually tell us the
timing of diagnosis in their 4155 patients, and without this
critical point on the timescale of infarct management we
cannot judge many of their subsequent results. For example,

1567

6970 (62.6%) of their 11 125 suspected infarcts failed to
jump the diagnostic hurdle, and as some of the criteria used
(for example, non-specific electrocardiographic changes plus
a minimal increase in enzyme concentrations) would have
recruited infarcts which have been classified in other trials as
"possibles" and "probables" rather than "definites,"23-25 one
is surprised to find that with such a low threshold their
suspected:diagnosed ratio was still 2:1. In most coronary care
units a ratio of 1 :1 or 1:2 is the norm,26 so the authors must
tell us the alternative diagnoses and the death rate in their
6970 non-infarct patients so that we can assess the relevance

Admission to participating
centres

Not suspected Suspicion hurdleof infarction

11125 suspected inforcts

6970 who did not
hove intarctions

4155 diagnosed intarcts

Diagnosis hurdle
(time unknown)

508 deaths_______________________ -Evaluation hurdle508deaiths (about 10 days)

3647 evaluated survivors

1763 not suitable - Entry hurdle

1 (115days)

1884 suitable infarcts

Placebo 939 Timolol 945

r 219 withdrew | 275 withdrew )

19 died<28d
35 died >28d

98 died

Total deaths 152|

Withdrawal hurdle

Survival hurdle

12 died < 28d*'1
31 died >28d

K. 55 died

Total deaths 98I
-__

_

17 3 months

|787 uviv J 847 survived
Flow diagram of timolol trial.

of their results to "suspected infarcts" presenting to hospitals
in other countries.
We are then told that 508 (12-2%) of the 4155 patients

diagnosed as having infarcts fell by the wayside between the
second hurdle (diagnosis) and the third (evaluation for entry
to the trial). These deaths cannot be put into perspective
unless we know how the two hurdles were spaced. Though
the placing of the diagnosis obstacle is not revealed, on average
the evaluation hurdle must have been located at 10 days,
since the mean time of entry to the trial, which was a day
later, was at approximately 11 days, but without knowing
the proximity of diagnosis to evaluation a 12-2% death rate
cannot readily be related to other workers' experience. The
evaluation hurdle was jumped by 3647 subjects (4155 diagnosed
infarcts minus 508 deaths), who immediately faced their
next obstacle, which was intended to exclude from the trial

i
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patients for whom beta-blockers were either contraindicated
or required plus patients who were unsuitable in other ways;

1763 patients fell at this fence, leaving 1884 to be randomised
to placebo twice daily or to timolol, 5 mg twice daily for a

week and 10 mg twice daily thereafter. If we set out the trial
in the form recommended by Hampton27 (see figure) we see

that the trial entrants represent only 16-9% of the suspected
infarcts and 45-3% of the diagnosed infarcts, so we must be
cautious about extrapolating from the trial results to wider
populations.
The entrants were then followed for up to 33 months, and

when the trial was stopped their mean duration in the trial
was 17-3 months. During this period 494 patients withdrew
(26.2%), which would not be a surprising figure in an acute-
entry beta-blocker study, where blood-pressure and pulse-
rate instability create problems4; it does, however, seem to
be a high rate for a stable, late-entry group. Moreover, as one

would expect, the reasons for withdrawal differed considerably
in the two groups: most of the withdrawals among patients
on timolol were due to the known effects of the drug itself
(hypotension and bradycardia), whereas most of the placebo
withdrawals were for conditions for which a participating
doctor might have wished to be free to give beta-blockers.
Two points should be made about this differential withdrawal
pattern. Firstly, the trialists tell us that the placebo and timolol
tablets could be differentiated by their taste, but in any event

a truly double-blind study cannot be carried out with beta-
blockers. Doctors only have to count a patient's pulse, measure
his blood pressure, and ask him whether his hands are cold
to make a very shrewd guess about his treatment group.

Secondly, this guessing influences the placebo group more

strongly than the timolol group, for in the former the with-
drawal criteria were more subjective. Thus in the timolol
group the doctors had to say, "I need to withdraw my patient
because his bradycardia and hypotension exceed the protocol
limits, so I must stop the tablets in case they are beta-blockers."
In the placebo group, however, the doctor's opinion as to

whether arrhythmias and chest pain "needed" treatment

formed part of the withdrawal criteria; such judgments are

influenced by guesstimates about the treatment that the
patient is already receiving. A doctor may therefore say to

himself "I guess that my patient is on placebo tablets so I
'need' to withdraw him to start him on a beta-blocker of my
choice."

This differential withdrawal pattern must mean that even

if the two groups had been balanced on entry, which they
were not, they would have become progressively more dis-
parate as the trial proceeded.

Norwegian timolol trial: the results-What was the final
hurdle which the trial entrants were asked to jump? An
impeccable end point and mode of presentation is used, for
which the authors are to be congratulated, in that the total
deaths for the original intention-to-treat categories are given.
The figure shows how these deaths were distributed: ir-
respective of treatment status at the time of death and
irrespective of opinion about the cause of death, 98 patients
in the original timolol group died whereas 152 died in the
group allocated to placebo. For patients still on treatment or

within 28 days of withdrawal the total deaths were 67 and
117, and the greatest reduction was in sudden death, defined
as death within24 hours ofan incidentorofbeing known to

be alive and well. Although the difference in deaths for
patients still on their allocated regimens made the major
contribution to the results (55 v 98), there was still a difference
(12 v 19) in total deaths within 28 days of withdrawal, whereas

BRITISH MEDICAL JOURNAL VOLUME 282 16 MAY 1981

deaths occurring more than 28 days after withdrawal were
more similar (31 v 35). Reinfarction rates were also recorded
by the trialists but only for patients still on treatment or
within 28 days of withdrawal. There were 88 events in the
patients receiving timolol but 141 in the placebo group. The
relative softness of this end point and the lack of data on the
reinfarction rate of the withdrawn patients should prompt us
to concentrate on the hard and unequivocal differences in
total deaths.

Should a practical doctor now say to himself, "If I screen
11 125 suspected infarcts, diagnose 4155 of them and allocate
half ofthe 1884 suitable survivors to timolol 10 mg twice daily,
only 98 will die over a 17-month period, whereas if I give the
other half placebo, 152 will die. Should I therefore put all my
infarct survivors on timolol ?" If the doctor is a clinical trialist,
should he now say, "This result is so clearcut that it is no longer
ethical to use a placebo group in a postinfarction trial; if I wish
to study sulphinpyrazone, aspirin, dipyridamole, other beta-
blockers, anticoagulants, or new antithrombotic agents such
as thromboxane synthetase inhibitors must I now test them
against timolol, or must I test my agent plus timolol against
timolol alone ?" The implications of 54 differential deaths in
Norway for practising doctors or clinical trial organisers are so
profound that we must now play devil's advocate and examine
every possibility that could account for them.

What does "statistical significance" mean ?-When we say that
the 152 placebo deaths differ from the 98 timolol deaths with a
probability of p < 0 001 we are saying that even if timolol has
no real effect on survival such a result could still arise by chance
once in a thousand trials. What we cannot decide from the p
value or the results is whether this trial is the one or one of the
999. Football-pool aspirants know that though big wins are
rare they do occur, and every punter believes that one could
happen to him. In everyday life we are therefore prepared to
accept that improbable events do actually occur, and this is the
basis of Murphy's law, which states that if something can
happen it will. If the timolol result carries a one in 1000 chance
of a type I error (assuming benefit where none exists) is it not
mandatory, rather than unethical, to repeat the Norwegian
trial? Are consistent trends from many trials with p values of
0-02 more likely to reflect true significance than a single trial
with a p value of0O001 ? Statistics enable us to put our results
into perspective so that we can assess the magnitude of type
I error, but they do not of themselves decide when a result is
due to chance rather than to treatment.
Was like compared with like ?-In Elijah's trial a difference

between the bullocks might have given rise to an anomalous
result, so we must be absolutely sure that the only difference
between the patients in a clinical trial is the presence or absence
of the test regimen. Though the trialists say "the differences
between the treatment groups tended to be small," and another
commentator28 has stated that "the groups were well balanced
on entry" this is not so. Two general points need to be made:
firstly, with nearly 2000 randomised patients one would have
expected any differences between the groups in common
attributes to have been very small; secondly, in such a large
trial random variations would have been expected to occur on
both sides of equality, so that in some respects the timolol
group should have possessed more adverse factors, while for
other attributes the placebo group should have been worse

off on entry. Neither of these expectations matches the reality:
the placebo group was significantly older, had more previous
hypertension, more previous diuretic treatment, more heart
failure and cardiomegaly, and, above all, more arrhythmias
during the index event (ventricular tachycardia or fibrillation,
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for example, occurred in 1400 of the placebo entrants, but in
only 10'"() of the timolol entrants). In a trial of this size this is a
very large difference, as are the differences in "treated hyper-
tension" (22'%o v 18l) and previous diuretic use (23% v 18%).
These sizeable differences are significant at the p=0 05-0-01
level, so if the groups differed systematically in ways which
could influence prognosis one only requires a further one in 10
spin of the wheel of chance to achieve their total mortality
figures. While we may have baulked at accepting a one in 1000
possibility that the 54 differential deaths were due to chance,
we can more readily conceive of a one in 10 possibility that a
type I error has occurred by the operation of chance on top of
an inbuilt disparity in predictors of outcome between two
imbalanced groups. The authors suggest that by "adjusting for
the largest differences and other factors considered prognos-
tically important" they can overcome the inequality of the two
groups, but I do not believe that this can be done.6 The tech-
niques used can only adjust for overt variables, and if, as a
group, the placebo patients also have related but hidden adverse
factors such as platelet hyperreactivity29 then no amount of
adjustment for the overt differences can overcome this hidden
initial imbalance.
We can, therefore, judge for ourselves that the groups were

not "well balanced on entry" but by a simple oversight we are
denied another piece ofevidence about their parity. We are told
that the mean interval before randomisation was 11-6 days in
the placebo group and 11-4 days in the timolol group, but we are
not given any reassurance about the distribution of these entry
days. In theory, one group could all have been entered at 11
and 12 days, whereas the other could have had two subgroups
clustered at seven days and 28 days, giving very dissimilar risk
potentials. A simple standard error or median and modal
figures would have readily resolved this point.
Have all the results been presented ?-In the Danish alprenolol

study20 benefit occurred in patients under 65, while older
patients fared worse on alprenolol than on placebo. The present
trial shows that older patients did better in terms of cardiac
mortality (64 and under: placebo 54 deaths and timolol 30;
65 and over: placebo 59 deaths and timolol 28). Though the end
point is softer, this age effect is even more striking for reinfarc-
tion (64 and under: placebo 72 and timolol 55; 65 and over:
placebo 69 and timolol 33). Age at infarction is strongly sex-
related, so it is odd that no separate analyses for men and
women are provided, since the apparent increasing benefit
with age might reflect a greater effect in women than in men.
In comparison with the practolol trial,19 where anterior infarcts
appeared to benefit most, the relative benefit of timolol in
terms of cardiac death was greater in inferior and "other and
uncertain" infarcts than in anteriorly-sited ones. If beta-
blockade is producing these benefits, why do the effects of
age and infarct-size differ with alprenolol, practolol, and
timolol ?

Finally, though the smoking habits of the groups are repor-
ted, the outcome in the treated and placebo groups is not ana-
lysed for smoking status. At the Oslo meeting which coincided
with the publication ofreports of the trial22 data were presented
which hinted that the effect of timolol was less strong in infarct
survivors who had given up smoking and was greatest in con-
tinuing smokers. Until this information appears in print, to-
gether with the answers to all the other questions I have posed,
we should not make major prescribing and policy decisions.
What might the results mean ?-If we now forget all these

niggling doubts and accept the results at face value, we should
ask, "How could timolol reduce the death rate so markedly
in infarct survivors when other beta-blockers have given
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conflicting results ?" We get no immediate clue from the
known properties of the drug itself, which is an unremarkable
beta-blocker.22 (It is non-selective, has little intrinsic sympa-
thomimetic activity, and a similar level of membrane stabilising
activity to propranolol, oxprenolol, and alprenolol.) If we
had been seeking a member of this large group which had
unique properties in respect of its known beta-blocking
characteristics, we would not have picked timolol. However,
when we look at its structural formula, a different possibility
begins to emerge. Most current beta-blockers have a structure
which resembles that of the catecholamines which they
antagonise (an aromatic ring with a substituted ethanolamine
side chain linked to it by an OCH2 group). Timolol also has a
catecholamine-mimicking side chain, but it is attached to a
five-membered heterocyclic ring containing nitrogen and
sulphur (a thiadazole), which in its turn is attached to another
heterocyclic ring containing nitrogen and oxygen (a mor-
pholino compound). Moreover, timolol is presented as a
maleate. Is it possible that the side chain confers completely
unremarkable beta-blocking properties on the molecule and
that these unremarkable properties allow timolol to share
with its other beta-blocking colleagues an inability to modify
the natural history of myocardial infarction, whereas the
thiadazole-morpholino structure confers on timolol as-yet
unsuspected antiarrhythmic, infarct-size-limiting, or platelet-
modifying activities ? No doubt the pharmaceutical industry
will now be synthesising compounds which possess this ring
structure but which lack the beta-blocking side chain so
that these possibilities can be explored.

Learning from the past, looking to the future, but living in
the present-What, then, do I advise, having taken you on a
journey from clinical trials with bullocks in Old Testament
Israel to the enhanced survival of myocardial infarction
patients in Norway ?
To practising doctors-Even if the timolol and placebo

groups had been balanced for overt and hidden adverse
prognostic factors on entry the observed difference of 54 deaths
out of 11 125 suspected infarcts and 4155 diagnosed infarcts
could still have arisen by chance. To put it at its simplest,
if 50 trials of beta-blockers had been carried out a spuriously
positive result could arise in one ofthem with a p value of 0-02.
It will be argued that far fewer than 50 major beta-blocker
trials have in fact been reported, but we must remember the
reluctance of editors to accept, and of authors to offer, negative
trial results; in any condition reports of positive associations
always outnumber valid but unexciting negative reports.
Practising doctors must, therefore, ask themselves whether
they wish to deny potential benefit to their patients while
we continue to dissect the timolol trial ? If they do not, they
can use a drug which has few side effects (other than those
which it shares with other beta-blockers) to try to give their
patients the benefit which the 54 differential survivors re-
ceived. There is still a one in a 1000 chance that tomorrow's
clinical trials of timolol will produce different results, but
should we not try to help today's patients if we know that we
can do so safely ? For most clinicians, the answer must be "yes."3
To my Norwegian colleagues-You must now provide

additional information on the following points: the diagnoses
and fate of the 6970 "non-infarct" patients; the precise
timing of infarct diagnosis; the death rate in the 1763 ex-
cluded infarcts; the reasons for the sizeable and unilateral
differences in risk attributes at entry between the groups;
the details of the outcome in men and women; and, finally,
the survival patterns in treated and untreated smokers and
non-smokers.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.282.6276.1565 on 16 M

ay 1981. D
ow

nloaded from
 

http://www.bmj.com/


1570 BRITISH MEDICAL JOURNAL VOLUME 282 16 MAY 1981

To other trialists-Because the timolol trial did not begin
until the 11th day on average, and the 28th day for some
patients, you have what the National Aeronautics and Space
Administration would call a "window" from admission
with suspected infarction to this entry point in which you can
justifiably scrutinise any regimen against placebo. You may
feel that timolol itself should be assessed against placebo in
an acute-entry trial, beginning with intravenous loading
doses to ensure rapid maximal beta-blockade.30 In any event
no ethical considerations arise for trialists planning 0-28 day
studies of other beta-blockers, antiarrhythmics, or anti-
thrombotics. It is from 28 days to 17 months that the going
gets tough, but on balance, I would advise that the problem
of infarct survival is of such magnitude and that the implica-
tions of the premature acceptance of a single positive trial are
so enormous that you must continue to do further placebo-
controlled trials. I accept the taxing ethical implications, but
I believe that the end justifies the means, and I consider
that we should not prejudice our chances of reassessing the
true contribution made by timolol, or of assessing the value
of anticoagulants, sulphinpyrazone, thromboxane synthetase
inhibitors, stable prostacyclin analogues, and thromboxane
receptor blockers by insisting that all of them should either
be tested against timolol or tested in combination with timolol
against timolol alone. To do so might prevent us offering to
millions of patients in years to come a much greater improve-
ment in survival than may eventually be revealed for timolol.
To the pharmaceutical industry-Many of today's drugs

started life wearing other hats until chance showed that they
had unexpected and valuable additional properties. Indeed,
timolol itself seems to be particularly useful in glaucoma, so I
would urge you to look at the other ways in which your drug
might possess unique effects. I would begin by asking whether
its heterocyclic ring structure confers on it added infarct-
modifying properties unrelated to its conventional beta-
blocking effects ? For example, does it affect calcium fluxes
across cell and mitochondrial membranes31 so that it protects
the heart against the calcium overload produced by ischaemia
or does it reduce platelet reactivity ?

Valediction-It has been said, "Examinations hold terror
even for the best prepared, for the greatest fool can ask what
the wisest man cannot answer." So, too, with clinical trials,
which are desperately hard to do but all too easy to criticise.
Years of hard slog may serve merely to expose the trialists to a
barrage of criticism and questions. If, however, we are to
arrive at a conclusion with the same confidence as Elijah's
audience, where "all the people answered and said, it is well
spoken," we have no choice but to subject each major trial in
common life-threatening diseases to the morbid scrutiny which
I have indulged in here. To the Norwegian trialists I would,
therefore, say, "Mea culpa; undskyld meg; like you, I am
only seeking the truth."

J R A MITCHELL
Professor of Medicine,
University Hospital,
Nottingham NG7 2UH
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