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RANDOMISED TRIAL OF INTRAVENOUS
ATENOLOL AMONG 16 027 CASES OF
SUSPECTED ACUTE MYOCARDIAL

INFARCTION: ISIS-1

ISIS-1 (FIRST INTERNATIONAL STUDY OF INFARCT
SURVIVAL) COLLABORATIVE GROUP

Summary Between mid-1981 and Jan 1, 1985, 16 027
patients entering 245 coronary care units at a

mean of 5&middot;0 h after the onset of suspected acute myocardial
infarction were randomised either to a control group or to a

group receiving atenolol (5-10 mg iv immediately, followed
by 100 mg/day orally for 7 days). Vascular mortality during
the treatment period (days 0-7) was significantly lower
(2p<0&middot;04) in the treated group, 313/8037 (3&middot;89%) versus
365/7990 (4&middot;57%), but this 15% difference has wide 95%
confidence limits (from about zero to about a quarter). No
subgroups were identified in which the proportional
difference in days 0-7 was clearly better, or clearly worse,
than 15%. After the treatment period, there was only a slight
further divergence (691 vs 703 additional vascular deaths
by Jan 1, 1985). Thus, overall vascular. mortality was
significantly lower in the atenolol group at one year (life-table
estimates: 10&middot;7% atenolol vs 12&middot;0% control; 2p<0&middot;01) but
not at Jan 1, 1985 (crude percentages: 12&middot;5% vs 13&middot;4%;
2p<0&middot; 07). However, atenolol patients were more likely than
controls to be discharged on beta-blockers, which can account
for much of the additional difference in vascular mortality
after day 7. Immediate beta-blockade increased the extent of
inotropic drug use (5&middot; 0% vs 3&middot;4%, 2p<0&middot;0001), chiefly on
days 0-1, but despite this most of the improvement in
vascular mortality was seen during days 0-1 (121 vs 171
deaths). Treatment did not appear to decrease the number in
whom cardiac enzymes rose to above twice the local upper
limit of normal. Slightly fewer non-fatal cardiac arrests (189
vs 198) and reinfarctions (148 vs 161) were recorded in the
atenolol group, neither difference being significant.
Systematic review of fatal and of non-fatal events in ISIS-1
and in all other randomised trials of iv beta-blockade
reinforces the suggestion that treatment reduces mortality in
the first week by about 15%, but with a rather less extreme
effect in days 0-1 than was observed in ISIS-1 alone. It also
provides highly significant (2p<0&middot; 0002) evidence of an effect
on the combined end-point of death, arrest, or reinfarction,
suggesting that treatment of about 200 patients would lead to
the avoidance of 1 reinfarction, 1 arrest, and 1 death during
days 0-7. ISIS-1 suggests these early gains will persist.

Introduction

THIS paper reports the first study .(-ISIS-1) from a

collaborative group formed to evaluate the effects on survival
of those treatments that might be widely,practicable during
the early acute phase of myocardial infarction. ISIS-1
assessed the effects of atenolol, starting with an intravenous
dose to achieve immediate beta-blockade and continuing for 7
days with oral atenolol.
There were several reasons for hoping that such treatment

might reduce mortality. Some studies (for review, see Yusuf
et all) have indicated that beta-blockade can, if started

intravenously within a few hours of the onset of pain,
decrease indirect "indices" of infarct size and reduce the
incidence of various arrhythmias.l-3 In addition, it is known
that long-term beta-blockers do reduce both late mortality
and late reinfarction,’ so perhaps early beta-blockade might
reduce early mortality by some analogous mechanism(s). Of
the available beta-blockers, atenolol was chosen because of
promising experience in a pilot trial."
The principal aims were to assess the effects of early beta-

blockade on vascular mortality during (a) the first week (ie,
the treatment period) and (b) the entire period up to Jan 1,
1985 (ie, an average of about 20 months).

Study Size

It was considered that prevention of even one death for each
1-200 patients treated might be worth while. To have a good
chance of detecting such moderate differences in mortality
(ie, 10, 15, or 20%) at conventional -levels of statistical

significance might require the study of at least 20 000

patients.5 The aim in ISIS-1 was to get as far as possible
towards this, in the hope either of answering the question
definitively by ISIS-1 alone or of contributing substantially
towards a definitive overview of many trials that might, in
aggregate, involve such numbers. In the event, over 16 000

patients were randomised from a substantially larger
collaborative group than was originally envisaged.
The final study size emerged as a compromise between the

ideal of well over 20 000 patients and the practical problems
of sustaining recruitment. At a steering committee meeting in
1983 the final closure date of Jan 1, 1985, was adopted in
ignorance of the interim results, which were known only to
the data monitoring committee. Although the steering
committee would have been informed if extreme evidence (eg,
3 standard deviations6 or more) of a real treatment effect had
emerged earlier on, the eventual stopping time was not
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otherwise data-dependent. Hence, conventional tests of
statistical significance would not be appreciably biased by
any interim analyses. 

’

Patients and Methods

To recruit a maximum number of centres in each participating
country (eventually 245 in fourteen countries), ISIS-1 involved very
simple entry criteria, entry procedures, treatments, and follow-up.
Indeed, m most countries deaths after discharge could be monitored
unbiasedly via government records, without requiring any
additional work from collaborators.

Eligibility.- The study was intended to be of patients with
suspected myocardial infarction, who were tholight b -v the respol/szble
physrciara to be within 12 h of the onset of symptoms, not already on
beta-blockers or verapamil, and with no clear indication for, or
contraindication to, beta-blockade (eg, heart rate persistently below
50 beats/min, systolic blood pressure persistently below 100 mm
Hg, second or third degree heart block, severe heart failure, or
bronchospasm). The intentional informality of the eligibility
criteria may make the trial more directly relevant to clinical practice
than a more rigidly defined population might have been. It also
means that no properly randomised patient can subsequently be
classified as "ineligible": all (even those in whom the diagnosis of
myocardial infarction was later refuted) are included in the final
analyses.
Randomisation.-To simplify, and hence maximise, patient entry,

there was no entry form: patients were randomised by a 24 h direct
line telephone service. Patient identifiers, age, sex, heart rate, blood
pressure, hours from pain onset, diabetes, and previous myocardial
infarction were recorded centrally on the next available line of the
computer-generated randomisation lists (which had separate pages
for each hospital). Once a complete line of patient details had been
recorded properly, the random treatment allocation printed at the
end of the line was issued, and the patient was irrevocably entered in
the trial. Patients could be randomised only once, so any second
entries were disregarded. Completed lines could not be reused
under any circumstances. If only a paroal line of details was written.
down, the random treatment specification was not to be issued, and
the line could be reused.

Treatrnent.-Patients were randomly allocated to either active or
control treatment. Apart from attempting to comply with the
allocated trial treatment unless contraindicated, physicians were
free to use any other treatments they felt appropriate. Active
treatment consisted of an immediate intravenous injection of 5 mg
atenolol, given over 5 mm and stopped if the heart rate fell below 40
beats/min or if any other contraindication developed. If after 10 min
the heart rate was 60 beats/min or greater, up to 5 mg more atenolol
was injected. 10 min after the end of the intravenous doses, if the
heart rate was 40 beats/min or greater, then 50 mg oral atenolol was

given, followed by a further 50 mg 12 h later. Atenolol was then
given orally (100 mg daily or 50 mg twice daily) for a further 6 days
(or until discharge, if earlier). If it was thought necessary, oral
treatment could be reduced to 50 mg/day or stopped. In the cOl/trol
group, beta-blockers were avoided in hospital unless they were
thought to be clearly indicated (eg, chest pain unresponsive to
nitrates or calcium antagonists, control of hypertension). No,
placebo was given to the controls, partly because of the obvious
effects of atenolol on the heart rate, but chiefly because the main aim
was to study mortality, where assessment biases are non-existent. It
was hoped that the lack of placebo control would simplify patient
management and so enhance recruitment. Of course, knowledge of
which patients were receiving beta-blockers modified the choice of
which other treatments to give them, so the study includes both
direct and indirect effects of treatment on mortality. At least in
hospital, however, such indirect effects are probably not of much
importance in the present study.
Dischai-ge.-At discharge, a single-sided form and the pre-

randomisation electrocardiogram were returned to the trial office.
This form provided further information to assist central mortality
follow-up after discharge, as well as brief details of compliance, of
drug usage in hospital and at discharge, and of major events in
hospital-enzyme elevation, non-fatal cardiac arrest, reinfarction

(this was added to the discharge form during the trial, in the light of
the results from the randomised trials of long-term beta-blockade,
and so is available for only about three-quarters of patients),
complete heart block, and death. The pre-randomisation
electrocardiogram was read "blind" of treatment allocation, and if
bundle branch block was present this was noted. Otherwise, the
electrocardiogram was coded as "probable infarction" (a total ST
elevation of O6 mm in leads VI-V3 or V4-V6, or of 2 mm in leads
I and aVL, or of 3 mm in leads II, III, and aVF), "possible
infarction" (less extreme ST elevation, but with some othei

abnormality, such as similarly extreme ST depression, T-wave
inversion, pathological Q-waves), or "normal" (all others). The PR
interval was coded as either >0’2 2 s, or not.

Follow-up.-The completeness of follow-up is 99, 3% in hospital
and 97 - 707o to Jan 1, 1985. Follow-up after discharge mvolved only
mortality, and was conducted through central government records
wherever possible. The present report includes follow-up to Jan 1,
1985, except for 0-8% (69 atenolol and 60 control) who could be
followed only until discharge, 0-8% (68 atenolol and 58 control)
who could be followed only for one year, and 0 - 7% (53 atenolol and
56 control) who could not be followed at all after randomisation
because erroneous identifiers were recorded at entry. Causes of
death (either from death certificates or from inquiry of the certifying
doctor) were subdivided into "deftnitely non-vascular" and

"probably vascular". The latter, as specified in the onginal protocol,
includes all deaths attributed to cardiac, cerebral, or any other
vascular cause (ie, 9th International Classification of Disease

categories 390-458), plus all deaths from unknown causes. All
deaths described as "definitely non-vascular" were reviewed, blind
of treatment allocation, by the chairman of the data monitoring
committee.

Statistical Methods .

The statistical methods used m the present report do not in

general involve time-to-death analyses (although mortality from day
8 onwards is related to the number of survivors on day 8, rather than
to the number of patients entered on day 0), for the proportion dead
is small. Instead, they involve standard "observed minus expected"
(O-E) calculations. J ,6 (Example: if, in two treatment groups of

equal size, 40 controls died and 25 treated patients died, the
numbers of deaths "expected" if treatment had no real effect would
be 32 - 5 in each group. The "observed minus expected" number of
deaths in the treated group would be 25-32’ 5, ie, minus 7 - 5. Here,
rntrtrrs suggests beuefit and 7,5 suggests 15 deaths prevented by
treatment). The variance of each (O-E) is calculated by the
standard formula! for two-way tables, and the standard deviation is
the square root of this variance. Information from different trials is
combined by direct summation of their (0 - E) values, and hence of
their variances. The odds ratio corresponding to a given (0 - E) and
its variance, V, is estimated by the convenient approximation
exp((O - E)/V). (NB, in trials such as this, where adverse events are
rare, odds ratios and rzsk ratios are very similar: the former will

generally be used.)
As usual with tests of statistical significance, (0 - E) values that

differ from zero by only one standard deviation would not be very
impressive (two-sided p value =0-3), differences of two standard
deviations would be fairly impressive (2p=0’05) evidence for

prespeczjied, but not for data-derived, hypotheses, and differences of
three standard deviations would be extremely strong evidence
(2p = 0’ 003) for prespecified hypotheses and moderately impressive
evidence even for data-derived hypotheses. ,

Results

A total of 16 027 patients were randomised from 245
hospitals between June, 1981, and Jan 1, 1985. This large size
automatically ensures good balance between the atenolol and
control groups for the main pre-randomisation prognostic
features that were measured (table I), and should do likewise
for those that were not. There are some differences in the use
of other drugs (table I) that may have been engendered either
by trial treatment (eg, inotropic agent use in hospital) or by
the open study design (eg, beta-blockers at discharge), or by a
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TABLE I-BASELINE CHARACTERISTICS AND MEDICAL MANAGEMENT*

*Further details in table VI. Values are percentages, or means and standard
errors. Ml=myocardial infarction-, ECG= electrocardiogram; SBP=systolic
blood pressure
tsome m beta-blocker used m hospital.

TABLE II-REASONS FOR GIVING LESS THAN THE FUI.L IV AND/OR

ORAL ATENOI.OI. DOSE IN THE ATENOLOL-ALLOCATED GROUP

(N=8037)

NB, numbers in rows are not additive since reasons for givmg less than the full
dose of both i%, and oral atenolol may have been reported for the same patient

combination of the two (eg, calcium antagonists in hospital).
94% of atenolol-allocated patients received at least the first 5
mg of iv atenolol, in 4% some contraindication developed
before any iv atenolol could be given, and only 2% had the
first iv dose discontinued. Among those who received at least
5 mg, the mean iv dose was 8-1 mg. Oral atenolol was not
received by 7% of the atenolol-allocated patients, and a

further 27% had later discontinuation or significant
reduction (tables I and II).

Vascular Mortality in the Treatmerat Perzod (table III and fa’g 1)
During the treatment period (days 0-7) there were 313

(3-89%) vascular deaths in the atenolol group compared
with 365 (4-57%) in the control group. This 15% lower
vascular mortality in the atenolol group is conventionally
significant (2p<0-04), but the 9507o confidence interval is

wide, ranging from 1% to 27%. All of this apparent benefit
was observed in days 0-1 (121 atenolol compared with 171
control deaths), with no further difference in days 2-3 (88
versus 91 extra deaths) or days 4-7 (104 versus 103 extra
deaths). The very high formal statistical significance level for
the difference in days 0-1 (2p<0  003) may be misleading
since it takes no account of the fact that the hypothesis being
tested was entirely data-derived, there being no compelling
prior reason to expect all, or even most, of any early mortality
difference in the first couple of days.

Fig 1-Vascular mortality during scheduled treatment period (days
0-7) and immediately after (to day 14).

In both groups combined, life-table analysis indicates vascular mortality of
40/o at I wk, 7% at I mo, and II %,14%, and 16% at 1,2, and 3 yr. No "rebound"
increase is apparent after the scheduled end of trial treatment on day 7. There
happened to be slightly more patients allocated atenolol (8037) than control
(7990): correction for this would effectively involve adding about 2 extra deaths
to the control group.
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TABLE III-MORTALITY BY ALLOCATED TREATMENT

O-E= observed number of deaths in atenolol-allocated group minus corresponding "expected" number (calculated in relation to numbers originally entered for
deaths in days 0-7, and in relation to day 8 survivors for later deaths).
SD=standard deviation of O-E.

2p = two-sided p value: NS = not significant (2p>O - 05).
n =no of patients originally allocated such treatment.
*"Vascular" deaths include all deaths with unknown cause. Deaths definitely specified as non-vascular in days 0-7 were:
in control group, pneumonia (day 3) and perforated peptic ulcer (day 7); in atenolol group, mesenteric infarction, and acute haemorrhagic pancreatitis (day 2),
haemorrhagic peptic ulcer (day 3), perforated peptic ulcer (day 4). One additional atenolol group patient died on day 2 of non-vascular causes (anuna with chrome
renal insufficiency), but this has been included in the possibly vascular deaths since hypotension preceded, and may have precipitated, the anuria.

Vascular Mortality after the Treatment Period (table III)

During the period after day 7 and up to day 365, there were
512 further vascular deaths in the atenolol group (6-4% of
those originally randomised) compared with 558 (7’ - 007o) in
the control group (2p=0’09). (NB, these numbers will
increase slightly when those patients entered during 1984 are
followed up beyond Jan 1, 1985, for a complete year, and the
life-table estimates of 1-year vascular mortality are 10’7%
atenolol and 12 0% control.) After day 365 there was a non-
significant excess of vascular deaths in the atenolol group
(179 vs 145; 2p = 0 - 07).

Non-vascular Mortality (table III)
In days 0-7 there were 4 non-vascular deaths among

atenolol-allocated patients and 2 among controls, so that there
is little difference between the apparent effects of treatment
on vascular and on total (vascular plus non-vascular)
mortality during the treatment period (days 0-7). In the later
period (day 8 onwards) there is a slight, but non-significant,

excess of non-vascular deaths in the atenolol group (63 vs 50;
2p 6), but no particular cause of death predominates.

Use of Inotropic Agents and Development of Complete Heart
Block (table Iv) 

-

An increase in the use of inotropic agents among atenolol-
allocated patients was modest (5’ 0% vs 3 - 4%), but highly
significant (2p<0  0001). Special inquiry among a sample of
those patients in whom inotropic agents (principally
dopamine, dobutamine, or isoprenaline) were used showed
that the 1 - 6% excess use occurred chiefly during the first day
or so. This was, however, the period in which all of the early
reduction in mortality was observed. Moreover, there was no
disproportionate excess of deaths among the atenolol-treated
patients receiving inotropic agents compared with the control
patients who received inotropic agents (table IV). A similar
pattern occurred for the non-significant increase in complete
heart block, suggesting that although atenolol leads to a
definite increase in inotropic agent use and to a possible
increase in the development of complete heart block, these
effects are largely reversible.

TABLE IV-NUMBERS OF PATIENTS WITH A REPORT ON THE DISCHARGE FORM OF INOTROPE USE, COMPLETE HEART BLOCK, NON-FATAL ARREST,
OR REINFARCTION, SUBDIVIDED BY DAY OF VASCULAR DEATH

------

*Inquiry of a sample of inotrope reports suggested most started on days 0-1 and most involved dopamme, dobutamme, or isoprenalme.
&dagger;Available only on later three-quarters of discharge forms (5807 ate nolo I-allocated patients and 5834 controls), yielding reinfarction rates of 2’ 5% atenolol and
2,8% control.
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TABLE V-RELATION BETWEEN PRESENTATION FEATURES AND EFFECT OF TREATMENT ON VASCULAR MORTALITY DURING TREATMENT PERIOD

(DAYS 0-7) AND ON INOTROPE USE IN HOSPITAL

*2p>0 1 for each of the differences in the final column. &dagger;Includes SVT(atenolol 1/11, control 3/19 vascular deaths in days 0-7), and Wenkebach (2 At, 1 Con, no
deaths). tnot yet available, or not yet encoded. &int;No atnal fibrillation or bundle branch block (BBB), but PR interval >0. 2 s.

HR = heart rate; MI = myocardial infarction; SBP=systolic blood pressure. 
-

Raised Cardiac Enzymes in Hospital
Serial cardiac enzyme data were not sought, but when

routinely measured cardiac enzymes (for example, lactic

dehydrogenase, aspartate aminotransferase, creatine phos-
phokinase) rose to twice the local upper limit of normal this
was recorded. Treatment with atenolol did not affect the

proportions in whom this was reported, whether for patients
entering within 4 h of the onset of pain (60% atenolol and
60% control with raised enzymes reported), or for patients
entering later (5707o vs 58%), or for patients whose pre-
randomisation electrocardiogram was defined as "probable
infarction" (83% vs 83%), "possible infarction" (5107o vs
52%), or "normal" (28% vs 28%).
Non-fatal Reinfarctions and Cardiac Arrests in Hospital
(table IV)
Non-fatal reinfarctions (2.5% atenolol vs 2.8% control)

and cardiac arrests (2.4% vs 2.5%) were reported less

commonly among patients in the atenolol group, but the
differences were not statistically significant.

Subgroup Analyses (tables vand V1)
Among patients randomised within 2 h from the onset of

pain, the difference in vascular mortality during the
treatment period was larger than the overall reduction of 15%
(17/531 atenolol vs 38/555 control, table v). This interaction
is conventionally significant but the choice of 2 h was data-
derived. The original intent was to subdivide at 4 h, and when
this is done the difference is less striking. Other subgroup
analyses (eg, by previous myocardial infarction, diabetes,
age, heart rate, systolic blood pressure, and initial

electrocardiogram) did not identify any particular subsets of
patients among whom the observed proportional reductions
in early vascular mortality in the atenolol group were

significantly different from the overall 15% reduction (table
V).

TABLE VI-RELATION OF TREATMENT TO DEVELOPMENT OF COMPLETE HEART BLOCK, SUBDIVIDED BY PRE-RANDOMISATION
ELECTROCARDIOGRAPHIC FINDINGS

*By summation, the total numbers developing CHB among "other" plus "no ECG yet" were 141 atenolol and 125 control, which is not conventionally significant
(2p>032): likewise, nor was the difference between the grand totals conventionally significant (180 vs 152). ECG electrocardiogram.



62

The excess use of inotropic agents in the atenolol group
seemed to be greater among the 1 .6% of patients presenting
with atrial fibrillation, and among the 2.0% with a

combination of systolic blood pressure less than 120 mm Hg
and heart rate greater than 90 beats/min. Atenolol appeared to
be strongly associated with complete heart block only among
the 2 - .% presenting with first degree heart block (table VI).

Discussion

Early Mortality during Treatment Period

The 95% confidence interval for the 15% difference in
vascular mortality observed during the treatment period
(days 0-7) is wide, ranging from 1% to 27%, and

consequently the degree of statistical significance is only
moderate (2p<0-04). So, to help decide whether the true
mortality reduction is likely to be about zero, about 15%, or
about a quarter, additional evidence from this and other
studies will be reviewed on (a) mortality during days 0-7, (b)
infarct size, and (c) early cardiac arrests and reinfarctions.

(a) Mortality during days 0-7.-Comparable data are available
from one moderately large randomised study (MIAMI) of iv
metoprolot7 and from twenty-six smaller randomised studies of iv
beta-blockade. 1 Examination of all twenty-eight available
randomised trials (table VII), involving over 27 000 patients,
suggests that such treatment probably reduces total mortality
(vascular or other) in days 0-7 by about 14% (2p<0-02), but the
95% confidence limits still range from about zero to about a quarter.
(Mortality data from those randomised trials of early beta-blockade
that did not start with an initial iv dose indicate a somewhat smaller
effect with somewhat larger random errors, but inclusion of these
trials in the overview does not materially alter the overall result; see
footnote table vn.) As in ISIS-1, almost all of the mortality
difference in MIAMI was observed in days 0-1 (29 metoprolol
deaths compared with 41 control deaths). However, the existence of
an appreciable effect only in days 0-1 was not strongly supported by
the aggregate of data (table VIII) from the other randomised studies
of iv beta-blockade (55/2901 beta-blocker allocated deaths in days
0-1 compared with 51/2830 control deaths), and should be regarded
merely as a data-derived hypothesis. The apparent benefit in days
0-1 is useful, however, in dismissing fears that the main adverse
effects of treatment (for example, an increase in the use of inotropic
agents from 3-4% to 5 - .0%) might entail any net adverse effect on
mortality, for these arose chiefly in days 0-1 and appeared to be
largely reversible (see Results).

(b) Indirect measures of infarct size.-Reviewl of various studies of
early iv beta-blockade (including the ISIS-1 pilot study with
atenolol-1) provides reasonably consistent evidence that such
treatment does moderately reduce cumulative enzyme release, when
this is measured carefully. This, taken in conjunction with the
demonstrated reduction in electrocardiographic evolution in some
of these studies, does suggest that treatment may reduce infarct size,
although recent animal studies have failed to demonstrate any
significant effect of beta-blockers on infarct size.8 In ISIS-1,
physicians were merely asked to report whether the routinely,
measured cardiac enzymes went above twice the local limit of
normal. The proportions of patients with raised enzymes reported
were clearly different among patients in different categories of the
pre-randomisation electrocardiogram, but there were no apparent
differences between the treatment groups. This suggests that any
differences in enzyme release due to treatment are likely to be only
small, and that the rather crude measure used in ISIS-1 was too
insensitive to detect such small differences.

( c) Early cardiac arrests and reinfarctions (table vrm and fig 2).
-Norris et al3 have suggested, on the basis of a striking result in
their propranolol study (trial 3-17 in table VIII), that non-

cardioselective beta-blockers, by conserving intracellular

potassium, may be particularly useful in preventing ventricular
fibrillation. But, striking effects on ventricular fibrillation have also
been seen in trials of cardioselective beta-blockers (including the
ISIS-1 pilot study of atenolol, trial 3.12 in table VIII). Thus, any

true heterogeneity of effect of different agents may be far less
extreme than examination of one or two selected studies might
suggest. If so, an overview of all the data on cardiac arrests may be
useful. Data on cardiac arrests in hospital were sought from all
patients in ISIS-1 (189 atenolol vs 198 control cardiac arrests), in
MIAMI (48/2877 metoprolol vs 52/2901 control), and in all other iv
studies (available data, 69/2862 vs 105/2815). These suggest that
early iv treatment might produce a reduction of about 15% (with a
standard deviation of about 7%; 2p<0-05) in the odds of cardiac
arrest (table vut). Data on reinfarction in hospital (table VIII) are
available for the later three-quarters of ISIS-1 (148/5807 atenolol vs
161/5834 control reinfarctions), for MIAMI (85 metoprolol vs 111 
control), and for the other iv trials (available data, 75/2341 vs

99/2331). Overall, these suggest a reduction of about 18% (with a
SD of about 7%; 2p<0 . 02) m the odds of early reinfarction,

It is difficult to judge the extent to which evidence on non-
fatal endpoints, such as cardiac arrest or reinfarction, can
reinforce evidence on the endpoint of fundamental interest,
which is survival. Summation of the available data on all three

types of adverse event (vascular or non-vascular death in days
0-7, cardiac arrest, and reinfarction) yields a total of 1127
adverse events recorded among the treatment-allocated

patients and 1312 among the controls. This represents a 16%
difference, with 9507o confidence limits of 9% to 23% (table
VIII and fig 2), in the odds of experiencing one of these events.
Even with due allowance for the effects (none on O-E, but on
its variance, table VIII) of some subjects having more than one
such event, this remains highly significant (3.8 standard
deviations away from zero, 2p<0 . 0002). Thus, it 1S

extremely improbable that such a difference would arise just
by the play of chance. In other words, unless the differences
in the numbers of non-fatal events are due chiefly to

ascertainment biases (which seems improbable), treatment
must be having some favourable effect on the likelihood of
one or more of the three types of adverse event considered (ie
vascular or non-vascular death in days 0-7, cardiac arrest, or

Fig 2-Mortality in days 0-7, reinfarction and ventricular

fibrillation in hospital from all available randomised trials of
early IV beta-blockade in acute myocardial infarction.

Total events are the sum of percentages for cardiac arrest, for reinfarction,
and for deaths in days 0-7. (NB, this total is about 10% greater than the

percentages suffering at least one event, for a few suffered more than one type
of event.) Percentages relate only to those with relevant data (NB, certain
information, particularly on reinfarction, was not recorded for a few studies).
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TABLE VII-EARLY INTERVENTION: TOTAL MORTALITY IN DAYS 0-7 FROM ALL AVAILABLE RANDOMISED TRIALS OF EARLY BETA-BLOCKADE

(STARTING WITH AN INTRAVENOUS DOSE) IN ACUTE MYOCARDIAL INFARCTION

*For the review’ paper, mortality data for days 0-7 were not always available (either not reported or not available separately from m-hospital mortality) or were
reported incorrectly. Where these data are now available (for trial references 3 - 6, 3 . 12, 3 17,3’ 20,3 - 21,3 - . 22, 4 . 1 and 4 - 2 in table VIII and the review paper), they
have been included. In addition, the results from TIARA’’ have been included(3 deaths in days 0-7 among 102 timolol-allocated patients and 5 among 98 controls).
The corresponding numbers for the randomised trials of early oral beta-blockade are not known for mortality just m days 0-7, but for total in-hospital mortality’
they would be 165/1900, 165/1711, -4-9,70-2, -7&plusmn;12, and NS.
*The cited O-E values are either for single trials or else a sum of one (O-E) value from each single trial. ,

TABLE VIII-EARLY INTERVENTION’ MORTALITY IN DAYS 0-1, 2-3, 4-7, REINFARCTION AND VENTRICULAR FIBRILLATION IN HOSPITAL FROM
ALL AVAILABLE RANDOMISED TRIALS OF EARLY BETA-BLOCKADE (STARTING WITH AN INTRAVENOUS DOSE) IN ACUTE MYOCARDIAL INFARCTION

Mortality in days 0-7 differs slightly from that reported in the earlier review’ (see note to table VII). For ISIS- 1, ventricular fibrillation (VF) is not available
separately from other causes of cardiac arrest, and reinfarction is not available in the first quarter of the study.
*For mortality in days 2-3 those dying before day 2 were excluded,and for mortality in days 4-7 those dying before day 4 were excluded, so the sum of the three
(O-E) values and vanances is - 39.1 and 270.6 (z=2’4; 2p<002), which differs only slightly from table VII.
&dagger;Infarct extension rather than reinfarction was recorded in these trials.
$Mortality data were not available separately in all three periods in these trials, so the available data were divided evenly.
&sect;Because one subject may suffer more than one type of event, this variance exceeds the value (552’ 6) it would have had ifeach event had affected a different subject.
(The O-E values, however, are not affected.)
BBl=beta-blockade; NA=not available despite contacting the investigators.
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reinfarction). Qualitatively, this provides strong evidence
that treatment is indeed having some favourable net effect on
mortality. Quantitatively, it reinforces the plausibility of the
point estimate (ie, a 10-15% odds reduction) that was

suggested by the mortality data alone. But it also suggests that
the lower limit of the mortality reduction that is plausibly
consistent with the totality of the evidence would be
somewhere between 5 and 10%, which is further from zero
than is the lower confidence limit derived just from the
mortality data.
The structure of this.argument deserves careful scrutiny,

for it is unusual. If, however, reductions in early mortality of
about the size indicated in figs 1 and 2 are ever to be assessed
reliably for any treatment, then either trials several times
larger than ISIS-1 will be required or information on

endpoints other than mortality will have to be used to

augment, and at least qualitatively to help interpret, the
information on mortality.

Later Mortality

Mortality after the 0-7 day treatment period might be
expected to be reduced if infarct size is limited by
treatment-and, indeed, there was a non-significant trend
towards fewer further vascular deaths in the atenolol group
during this later period. But there are several reasons, none of
which would have affected the early period, why this non-
significant extra difference after day 7 cannot be taken as good
evidence that there was any further effect of early atenolol use
on mortality after the scheduled treatment period. First, 35%
of the atenolol-allocated and only 25% of the control patients
were discharged on beta-blockers, and an inquiry three
months later of a sample of patients suggested this difference
was persisting. The randomised trials of long-term beta-
blockade following suspected myocardial infarction show
that such treatment reduces mortality in compliant patients
by about one-fifth or one-quarter. 1,15 In ISIS-1, probably in
part because beta-blockers were prescribed for lower-risk
patients, post-discharge vascular mortality among patients
discharged on a beta-blocker was lower (5 - 7%) than that
among other patients (8.5%). These low mortality rates,
coupled with the size of the mortality reduction in the long-
term trials, suggest that the number of vascular deaths

prevented by the excess use of long-term beta-blockers among
atenolol-allocated patients might be about 10 during days
8-365, and another 2 subsequently. However, at least there is
no evidence that the lives saved during the treatment period
are lost in the subsequent year or so, and neither is there any
evidence of an immediate "rebound" effect on mortality after
beta-blockade was stopped at 7 days (fig 1).

Overall Vascular Mortality 
,

The observed pattern of vascular mortality from day 0 to 
I

Jan 1, 1985, suggests a divergence during the treatment
period, with little further effect of early atenolol use on
mortality during later follow-up. From table III it can be seen
that overall (ie, from day 0 onwards) there were significantly
fewer deaths in the atenolol group at 1 year (life-table
estimates, 10.7% vascular mortality among atenolol-
allocated patients vs 12-0% control; 2p<0’ 01) but not when
follow-up was extended to Jan 1, 1985 (crude percentages,
12 5% vs 13 .4%, 2p<0 . 07). However, when allowance was
made for the excess use of long-term beta-blockers among
patients allocated to early atenolol, the statistical significance
of these differences becomes less extreme (2p<0 . 02 and
<0. 17, respective.ly). If early mortality is reduced by about

10-15%, and if there is no additional difference in later

mortality, then the 1-year vascular mortality will be reduced
by only about 5%. This is somewhat less than the reduction in
total vascular mortality that is suggested by direct
examination of the data in ISIS-1 (table III).

Which Patients might Benefit?
In the MIAMI study, a retrospective subgroup analysis

indicated that all the observed reduction in mortality was
among that third of the patients who were defined as being at
"high" risk. ISIS-1 cannot confirm (or refute) these findings
directly, for of the eight variables used to define "high"
risk in MIAMI, ISIS-1 recorded only four (age, electrocardio-
graphic signs of myocardial infarction, diabetes, and previous
myocardial infarction). Although for the first three the
observed proportional risk reduction was greater in the

higher-risk patients (table v), for certain other risk factors
recorded in ISIS-1 (eg, first degree block, atrial fibrillation, or
systolic blood pressure <120 mm Hg combined with heart
rate >90 bpm, table v) the opposite was true. None of these
"interactions" was conventionally significant, however, and
there is not consistent support for them in other published
studies. (For example, whereas in an alprenolol study9,1O
mortality seemed to be reduced only among people aged
under 65, the present data indicate the opposite-namely, a
reduction only among those over 65 years of age, table v.)
In general, reliable identification of subgroups of patients

among whom treatment is really advantageous, and those
among whom it really is not, is unlikely to be possible in trials
that are scarcely large enough on their own to determine the
overall effect of treatment reliably. Since, however, the
absolute risk reductions in some categories of higher-risk
patients did still appear promising in ISIS-1, the present
findings might be generalisable to a somewhat wider range of
patients than those actually studied (though perhaps not
those at particular risk of serious adverse effects).
In ISIS-1, records of excluded patients were not part of the

protocol, but informal inquiry at various centres suggested
that about one-quarter to one-third of all patients admitted to
the coronary care unit would in fact have been eligible
(although in these centres only about half of all eligible
patients actually got randomised)-a proportion similar to
that reported in MIAMI. If these findings were extended to
patients already on beta-blockers (who were excluded from
ISIS-1 and MIAMI) or to those at somewhat higher risk, then
perhaps about half might be eligible for such treatment.
Moreover, the use of other promising interventions in acute
myocardial infarction, such as fibrinolytic therapy, does not
necessarily preclude the use of early beta-blockade as

well-indeed, their effects on mortality may be at least
additive."

Public Health Implications
Review (table IX) of the randomised trials of long-term (late

intervention) beta-blockade after suspected myocardial
infarction has shown that such treatment definitely saves
lives,1,15 and there are now many hospitals where it is used.’2
Typically, treatment of about 200 patients for one year after
discharge from hospital might be expected to avoid about 3
deaths and about 3 non-fatal reinfarctions. It has been
estimated that the approximate drug costs per death avoided
by such long-term treatment would be 1000-4000,
depending on the beta-blocker used.

Initial intravenous beta-blockade followed by oral beta-
blockade for a week is simple to give in hospital and the drug
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TABLE IX-LATE INTERVENTION THE EVIDENCE SHOWING THAT LONG-TERM BETA-BLOCKADE REDUCES MORTALITY AND NONFATAL

REINFARCTION BY ABOUT ONE-FIFTH OR ONE-QUARTER

Tabulated mortality is for all late-entry long-term trials, and for days 8 + in all early-entry long-term trials. In addition to the data in table 10 of the review,’ data have
been added for trial 5.16 (Lopressor Intervention Trial" 65/1195 metoprolol deaths vs 62/1200 placebo deaths), for Schwartz et al" (17/485 oxprenolol deaths vs
39/488 placebo deaths), and for trials 4 1 and 4.2 (where correct mortality data in days 0-7 and 8+ are now available).
Because the compliance with allocated treatment is not perfect in such trials, the observed reduction in the odds of death will tend to underestimate slightly the true
effects of treatment. This will be counterbalanced to some extent by the use of odds ratios rather than i-isk ratios, so the true reduction in the risk of death may still be
about one-fifth or one-quarter.
*The cited O-E values are either for single trials or else a sum of one (O-E) value from each single trial, from the data reviewed by Yusuf et al.’

costs are low. If it does indeed reduce cardiac arrest,
reinfarction, and mortality by about the amount suggested
by the trials (fig 2), then avoidance of 1 early death, 1 early
reinfarction, and 1 early arrest would require the treatment of
about 200 patients (among whom about 8 deaths during the
first week might be reduced to 7, with no evidence that this
early gain would then be lost during the first year). So, even in
these good-risk patients (4-5o mortality in the first week,
and 11 -12% in the first year) the drug costs per death avoided
would still be only a few hundred pounds. This would be
considerably more cost-effective than, for example, the
treatment of mild hypertension 1 in middle age, which

typically involves tens of thousands of pounds worth of drugs
for each death avoided. Indeed, it compared favourably even
with the costs (a few thousand pounds per death avoided) of
long-term beta-blocker treatment of hypertension in the

elderly, of severe hypertension in middle age, or of

myocardial infarction patients after discharge from

hospital. 1,1 3-15
By far the most important acknowledgement is to the thousands of patients

who agreed to participate, and to the thousands of doctors and nurses who
collaborated with a national coordinator in each country to make this trial

possible. The coronary care unit nurses in Oxford, Bruxelles, Gent, and
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the British Heart Foundation, but otherwise the entire study was financed by
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details for other beta-blocker trials included in tables VIII and IX. Owing to
lack of space, names of all collaborators and committees will be available only
in the reprints of this study report.
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Rockhampton Base; Western General, Melbourne; Prince of Wales, Sydney;
Lyell McEwm, Adelaide; Royal Canberra; Modbury, Adelaide; Woden
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District; Kemijarvi District; Ahtari District; Regional Hospital of Southwest
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Seinajoki; Vaasa, Keskussairoala.
France (131 patients).-Lyon; Samt Andre, Bordeaux; Grenoble; Hotel Dieu,
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Germarty (115 patients). -Stadtisches Klinikum, Braunschweig.
Italy (1305 panertts).-Mano Negn Istituto, Milano; CaGranda Niguarda

"Div Rizzi", Milano; Broni; Perugia; Breno-Darfo; Gorgonzola; F Villa,
Mariano Comense; Cittiglio; S Gerardo, Monza; Chlan-Rovato; S Martino,
Mede Lomellina; Careggi, Firenze; Lecco; Busto Arsizio; Bergamo; Voghera;
Varese; S Isidoro, Trescore Balneano; Bologmni, Seriate; Pordenone; L Sacco,
Milano; S Anna, Como; Legnago; Sondno; S Andrea, La Spezia; Udme;
Melzo; Uboldo, Cernusco S Naviglio; S Paolo, Savona; Chien; Carrara;
Pohclimco, Milano; Pistoia; Matera; Pietra Ligure; S Maria Nuova, Reggio
Emilia; S Camillo, Roma; C Poma, Mantova; Vicenza; Asti; Padova; S
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Infirmary, Carlisle; Channg Cross, Fulham; Broomfield, Chelmsford;
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Summary 613 patients were included in a study to
assess the extent to which HLA-matching

and pretransplant blood transfusions affect the outcome of
cadaveric renal transplantation in patients treated with
cyclosporin and low doses of prednisolone. Matching for the
HLA-DR-antigens significantly reduced the frequency of
rejection episodes, but neither HLA-matching nor

pretransplant blood transfusions influenced the patient and
graft survival rates.

Introduction

LARGE multicentre studies1-3 and single-centre studies4-5
have shown that in renal transplantation cyclosporin (CyA)
is the best immunosuppressive agent available. It is now
being used as the main immunosuppressive drug at an
increasing number of transplantation centres. Many
transplantation protocols formulated in the pre-CyA era
have to be reevaluated. We report here on a study to assess
the extent to which HLA-matching and pretransplant blood
transfusions affect the outcome of cadaveric renal

transplantation in patients treated with CyA and low doses
of prednisolone.

Patients and Methods

613 consecutive cadaveric renal transplantations done in Sweden
(Stockholm, Gothenburg, Malm&ouml;, Uppsala) and Norway (Oslo)
between November, 1982, and February, 1985, were included in
the study. 481 were first transplantations and 132 were

retransplantations. The mean recipient age was 47 years; 185

recipients (30%) were over 55 years and 101 (17%) over 60 years of
age. 89 (19%) recipients of first transplants had diabetes mellitus.
The grafts were harvested before cardiac arrest (Norway), or 5-12
min after cardiac arrest (Sweden), and they were preserved by
simple cold storage (Euro-Collins or Sach’s solution).
At the start of the study all pretransplant blood transfusion

protocols were suspended, and blood was given only when clinically
needed. Tissue typing for HLA-A, -B, and -DR antigens
(DRI-DRw8, DRwlO)6 was done on recipient peripheral
mononuclear cells (PBM) and donor spleen cells. Recipients were
typed for DR-antigens at least twice. Emergency (night-time)
typings of donors were repeated the next day. When kidneys were
sent from one centre to another, the donor’s tissue type was
rechecked at the recipient centre. Otherwise, no further checks were
made. The gene frequencies of the observed DR-antigens did not
differ significantly from those found in the general Scandinavian
population. Cross-matching was done on spleen cells according to
the National Institute of Health technique at 22&deg;C (Stockholm,
Maimo, Uppsala) or the Kissmeyer-Nielsen technique at 37&deg;C

(Gothenburg, Oslo). The same techniques were used for regular
pre-transplantation screening for panel-reactive antibodies (PRA);
the panel consisted of 10-36 donors covering most known
HLA-antigens. These tests were done on PBM either separated or
not into T and B cells.

Centres exchanged grafts that shared two DR-antigens with a
recipient. Otherwise, kidneys were usually used locally for the
patient with the best DR-match. When several patients had the
same DR-match, selection was based on AB-matching.
CyA was given as follows: 10-15 mg/kg by intravenous infusion

just before or during transplantation; 7-5-10 mg/kg intravenously
on day 1 (day after transplantation), 15 mg/kg/day orally in two
divided doses from day 2; 13 mg/kg/day orally after 2 weeks; 11
mg/kg/day after 1 month; and 9 mg/kg/day after 2 months. Further


