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Influence of heart size on mortality and reinfarction in
patients treated with timolol after myocardial infarction
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suMMARY The influence of heart size on the effect of long term timolol treatment with regard to
mortality and reinfarction after myocardial infarction was examined among 1881 patients random-
ised to either active or placebo treatment. The patients were followed for 12 to 33 months. At the
baseline, heart size was determined by x-ray film in two projections: 1199 patients had normal heart
size, 262 had borderline heart size, and 420 had enlarged hearts.
The incidence of total cardiac death was three times greater in patients with enlarged hearts

compared with patients with normal size hearts. The incidence of non-fatal reinfarctions, however,
was independent of heart size at baseline.
The timolol related reduction of total cardiac death compared with placebo was 40*7% in patients

with normal heart size, 47-8% in patients with borderline heart size, and 38.2% in patients with
enlarged hearts at baseline (intention to treat approach). The reduction of first non-fatal reinfarc-
tions in the timolol group compared with placebo was, respectively, 31-7%, 41.2%h, and 25.90/o.
Thus, timolol treatment appears to reduce cardiac death and non-fatal reinfarctions after myocar-

dial infarction independent of heart size at baseline. Timolol treatment may be of special importance
in patients with cardiomegaly, because of the very high incidence of cardiac mortality in this group
of patients, and consequently a larger number of cardiac deaths may be prevented.

Cardiomegaly has been a contraindication to beta
blocker treatment. Most of the postinfarction beta
blocker studies have included patients with normal
heart size.' -10 The unfavourable effect of alprenolol6
in patients over 65 years of age was attributed to the
inclusion of a larger number of patients with large or
failing hearts.

Very few studies have been performed to evaluate
different interventions after myocardial infarction
according to heart size. Leren" showed, in 1966, that
a plasma cholesterol reducing diet proved to be bene-
ficial only in patients with normal heart size. The
influence of heart size, however, on mortality and
reinfarction in patients on long term treatment with a
beta blocker is as yet unknown.
The aim of this study was to define the prognostic

importance of heart size after myocardial infarction
and to evaluate the efficacy of timolol treatment in
reducing mortality and reinfarction relative to heart
size, determined by x-ray film in two projections. The
analyses were done retrospectively and based on the
Norwegian timolol multicentre study.12
Accepted for publication 7 April 1983

Subjects and methods

In the double blind Norwegian timolol multicentre
study,'2 1884 patients were included, 939 in the
placebo group anl 945 in the timolol group. Organisa-
tion of the study, patient recruitment and evaluation,
follow-up procedures, end point evaluation, data
handling, statistical methods, and baseline charac-
teristics of the patients have previously been
described in detail.12
At the time of inclusion, that is six to 27 days (mean

10) after the onset of symptoms, measurement of
heart size was obtained with x-ray film in two projec-
tions in the standing position and expressed in ml/m2
body surface area.'3 14 According to previous studies,
the heart size in women was defined as normal below
450 m/m2, borderline between 450 and 500 ml/m2,
and enlarged above 500 ml/m2. In men, heart size was
defined as normal below 500 ml/m2, borderline be-
tween 500 and 550 ml/m2, and enlarged above 550
ml/M2. All readings were done by independent
radiologists.
At baseline 1199 patients (63-6%) had normal heart
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size, 262 patients (13.9%) borderline heart size, and
420 patients (22 3%) had enlarged hearts (three not
done).

Results

WITHDRAWALS
The withdrawal rate increased with increasing heart
size at baseline, both in the placebo and in the timolol
group. The total withdrawal rate was 22-4% (placebo
19-5%, timolol 25.3%) in patients with normal heart
size, 27*9% (placebo 25-2/o, timolol 30.5%) in patients
with borderline heart size, and 36*2% (placebo 32-9%,
timolol 39.7%) in patients with enlarged hearts.
During the study 70 patients (7.5%) in the placebo

group and 89 patients (9.4%) in the timolol group
developed symptoms of heart failure. Most of them
continued in the study after treatment with digitalis
and diuretics, and only 22 patients (2.3%) in the
placebo group and 35 patients (3*7%) in the timolol
group were withdrawn from the study because of
heart failure.
The number of withdrawals caused by heart failure

was larger in patients with cardiomegaly than in
patients with normal heart size, but this difference
was not significant (Table 1). Withdrawals caused by
hypotension were independent of heart size at
baseline. Withdrawals caused by bradycardia were
more frequent in patients with borderline and
enlarged hearts than in patients with hearts of normal

size (Table 1). These differences, however, were small
and not significant.

DEATHS
The frequency distribution of mortality according to
baseline heart size is given in Table 2. The data were
analysed according to the patient's original random-
isation (intention to treat approach).'5

Cardiac mortality in the placebo group increased
with increasing heart size, and was 10% in patients
with normal heart size, 17-6% in patients with border-
line heart size, and 27-8% in patients with enlarged
hearts at baseline (Fig. 1).

In patients with normal heart size (n= 1199) at
baseline, there were 59 cardiac deaths in the placebo
group and 36 in the timolol group, a significant reduc-
tion of40-7% (p<0.05). The number of cardiac deaths
in patients with borderline heart size (n=262) was 23
in the placebo group and 12 in the timolol group, a
reduction of 47-8%. Because of the small number of
patients, this difference did not reach significance.
Among 420 patients with enlarged hearts there were
60 cardiac deaths in the placebo group and 35 in the
timolol group, a significant reduction of 38.2%
(p<0-05). The timolol related reduction in sudden
cardiac death was, respectively, 29-9%, 50%, and
43*8% (p<0.05) (Table 2).

In the timolol studyl2 sudden death was defined as
death within the first 24 hours after start of symp-
toms. In the placebo group, the ratio between sudden

Table 1 Withdrawals according to heart size

Hear size All

Nornal Borderlne Def. enlarged

Placebo Timolol Placebo Timolol Placebo Timolol Placebo Timolol

(n=591) (n=608) (n= 131) (n= 131) (n=216) (n=204) (n=939) (n=945)
Cardiac failure/pulmonary oedema 11 (1-9) 16 (2-6) 3 (2-3) 4 (3-1) 8 (3-7) 15 (7-4) 22 (2-3) 35 (3-7)
Hypotension, systolic (BP < 100 mmHg) 8 (1-4) 16 (2-6) 1 (0-8) 4 (3-1) 2 (0.9) 6 (2-9) 11 (1-2)* 26(2-8)
Bradycardia, heart rate (< 40/min) 1 (0-2)*** 17 (2-8) 0** 9 (6.9) 1 (0-5)* 11 (5-4) 2 (0-2)*** 37 (3.9)

The numbers in parentheses represent percentages.
*p<0.005; **p<0.01; ***p<O-001.

Table 2 Distribution of mortality andfirst non-fatal reinfarction according to baseline heart sixze (intention to treat approach)

Hean siz All

Normal Borderline Def. enlarged

Placebo Timolol Plcbo Timolol Placebo Timolol Placebo Timolol

(n=591) (n=608) (n= 131) (n= 131) (n=216) (n=204) (n=939) (n=945)
Sudden death 43 (7-3) 31 (5-1) 18 (13-7) 9 (6-9) 49 (22-7)* 26 (12-7) 110 (11.7)*** 66 (7.0)
Other cardiac death 16 (2-7)* 5 (0.8) 5 (3-8) 3 (2-3) 11 (5-1) 9 (4.4) 32 (3-4)* 17 (1-8)
Total cardiac death 59 (10.0)* 36 (5-9) 23 (17-6) 12 (9.2) 60 (27.8)* 35 (17-2) 142 (15-1)*** 83 (8-8)
Otherdeath 4(0.7) 5 (0.8) 3 (2.3) 5 (3-8) 3 (1-4) 5 (2.5) 10(1.1) 15 (1-6)
Total death 63 (10-7)* 41 (6-7) 26 (19.8) 17 (13-0) 63 (29-2)* 40 (19-6) 152 (16.2)*** 98 (10-4)
First non-fital reinfarcion 84 (14.2)* 59 (9.7) 17 (13-0) 10 (7-6) 30 (13-9) 21 (10.3) 131 (14-0)** 90 (9.5)

The numbers in parentheses represent percentages.
*p<0.05; **p<0-0l; ***p<(W0l.
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Timolol and heart size
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Fig. 1 Cardiac mortality according to baseline heart size.
Timolol treatment is compared with placebo.

death and other cardiac death increased with increas-
ing heart size, suggesting that sudden (arrhythmic)
death occurs relatively more frequently than other
cardiac (reinfarction) death in patients with car-
diomegaly as opposed to what is observed in patients
with normal heart size. Compared with placebo, the
ratio between sudden and other cardiac death was

higher on timolol treatment, 2*7 and 6.2, respectively,
in patients with normal heart size, indicating that in
this group of patients timolol treatment was related to
a larger reduction in other cardiac death (mostly fatal
reinfarction) than in sudden cardiac death. In patients
with borderline heart size there was no difference in

Number
of patients

P T P T P T
591 608 131 131 216 204

P = Placebo T = Timolol * p < 0.05

Fig. 2 First non-fatal reinfarction according to baseline heart
size. Timolol treatment is compared with placebo.

the sudden death/other cardiac death ratio between
the two treatment groups (placebo 3-6, timolol 3.0).
In patients with enlarged hearts the ratio was 4.5 in
the placebo group and 2-9 in the timolol group. Thus,
in patients with cardiomegaly timolol treatment was
related to a proportionally larger reduction in sudden
cardiac death than in other cardiac death.
When the data were analysed according to treat-

ment (deaths on treatment or within 28 days after
withdrawal, that is using the protocol approach)'5
(Table 3) the results were similar when compared
with the intention to treat approach (Table 2).

REINFARCTIONS
In contrast to cardiac death, the incidence of non-fatal
reinfarctions in patients in the placebo group was
independent of heart size at baseline: 14-2% in
patients with normal heart size, 13% in patients with
borderline heart size, and 13 9% in patients with
enlarged hearts.
The timolol related reduction in first non-fatal rein-

farction compared with placebo was also independent

Table 3 Distribution of mortality andfirst non-fatal reinfarction according to baseline heart size (using protocol approach)

Heart size All

Normal Borderline Def. enlarged

Placebo Timolol Placebo Timolol Placebo Timolol Placebo Timolol

(n= 591) (n=608) (n= 131) (n= 131) (n=216) (n=204) (n=939) (n=945)
Sudden death 36 (6-1) 23 (3-8) 16 (12-2)* 4 (3-1) 43 (19-9)** 20 (9.8) 95 (10.1)*** 47 (50)
Other cardiac death 9 (1-5) 3 (05) 2 (1-5) 2 (1-5) 7 (3-2) 6 (2-9) 18 (1-9) 11 (1-2)
Total cardiac death 45 (7-6)* 26 (4.3) 18 (13-7)* 6 (4-6) 50 (23- 1)* 26 (12-7) 113 (12.0)***58 (6.1)
Other death 1 (0.2) 3 (0-5) 1 (0-8) 3 (2-3) 2 (0.9) 3 (1-5) 4 (04) 9 (1-0)
Total death 46 (7-8)* 29 (4.8) 19 (14.5) 9 (6-9) 52 (24.1)* 29 (14-2) 117 (12-5)*** 67 (7-1)
First non-fatal reinfarction 79 (13-4)* 53 (8-7) 16 (12-2) 9 (6.9) 30 (13.9) 18 (8-8) 125 (13-3)** 80 (8-5)

The numbers in parentheses represent percentages.
*p<0-05; p<0.0l; ***p<0-001.
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of heart size at baseline. In 1199 patients with normal
heart size there were 84 first non-fatal reinfarctions in
the placebo group and 59 in the timolol group, a

significant reduction of 31*7% (p<0.05). The number
of first non-fatal reinfarctions among 242 patients
with borderline heart size was 17 in the placebo group

and 10 in the timolol group, a reduction of 41*'/o. In
the group of 420 patients with enlarged hearts there
were 30 first non-fatal reinfarctions in the placebo
group and 21 in the timolol group, a reduction of
25-9% (Table 2 and Fig. 2).
The results were similar when the data were ana-

lysed according to treatment (using the protocol
approach) (Table 3).

Discussion

Previous studies have shown that patients with
enlarged hearts have a higher mortality after myocar-

dial infarction than patients with normal size
hearts. 16- 18 In the present study we show that mortal-
ity increased proportionately to the increase in heart
size at baseline and was almost three times greater in
patients with enlarged hearts when compared with
patients with normal size hearts (Fig. 1). The inci-
dence of non-fatal reinfarction, however, was inde-
pendent of heart size at baseline (Fig. 2).

Timolol treatment in postinfarction patients is
related to a significant reduction in both mortality and
reinfarction as compared with placebo.'2 It is of
importance to identify subgroups of patients who may
particularly benefit from timolol treatment or alterna-
tively be placed at greater risk. Beta blockers reduce
cardiac contractility and heart rate, and pump func-
tion in enlarged hearts may be particularly sensitive to
beta blocker treatment. It is therefore important that
timolol treatment is related to a reduction in cardiac
mortality and non-fatal reinfarction, independent of
heart size at baseline (Tables 2 and 3, Fig. 1 and 2).

Patients with severe heart failure were excluded
from the timolol study; 420 patients with cardio-
megaly, however, were included. The risk of giving a

beta blocking agent to patients with cardiomegaly
may be to increase left ventricular filling pressure, and
possibly myocardial tissue pressure, which might
impede regional perfusion of the myocardium.
Hypothetically this may cause increased frequency of
reinfarction and ischaemic heart failure. This
hypothesis was not confirmed by the present study.
The cause of death after myocardial infarction may

be different in patients with normal size hearts and in
patients with cardiomegaly. Patients with normal
hearts after myocardial infarction may have limited
necrosis of the myocardium and are probably less
likely to succumb from arrhythmia than from a large
reinfarction. In this group of patients timolol treat-

Gundersen

ment was related to a larger reduction in other cardiac
death (mostly fatal reinfarctions) than in sudden
death. This timolol related reduction in fatal reinfarc-
tion may be explained by a reduction in myocardial
ischaemic injury. Patients with postinfarction car-
diomegaly have large areas of myocardial necrosis and
may be in an unstable arrhythmic state making them
liable to sudden death. More deaths in this group of
patients were accordingly reported as sudden death.
Long-term administration of timolol to these patients
caused a proportionately larger reduction in sudden
death than in other cardiac death. Despite the fact
that the mode of death seems to be different among
patients with normal and large hearts, timolol appears
to confer protection in both groups. Whether this pro-
tection is metabolic and/or antiarrhythmic is as yet not
defined.

In conclusion, patients with enlarged hearts and
compensated heart failure on treatment with digitalis
and/or diuretics can safely be treated with timolol to
reduce the incidence of mortality and reinfarction
after myocardial infarction. The reduction in mortal-
ity and reinfarction is independent of heart size at
baseline. Timolol treatment, however, is of special
importance in patients with cardiomegaly, because of
the very high incidence of cardiac mortality. The
reduction in cardiac death in this group of patients
was larger than in patients with normal heart size.
Among 100 patients, timolol treatment appeared to
prevent four cardiac deaths in patients with normal
heart size, contrasted to 11 cardiac deaths in patients
with cardiomegaly. This suggests that patients with
cardiomegaly represent a special risk group which
should be carefully evaluated for timolol treatment
after myocardial infarction.
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