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Ten year mortality in relation to original size of
myocardial infarct: results from the Gothenburg
metoprolol study

J Herlitz, BW Karlson, A Hjalmarson

Abstract
Objective-To describe the relation
between the extent of a myocardial
infarct, measured according to maxi-
mum serum enzyme activity of lactate
dehydrogenase, and mortality at 10 years.
Patients-In 759 patients with acute
myocardial infarction in whom serum
activity of heat stable lactate dehydroge-
nase had been determined every 12 hours
for 108 hours after randomisation in an
early intervention trial with metoprolol.
Main outcome measure-Mortality at 10
years in relation to quartile ofmaximum
serum lactate dehydrogenase activity and
history of cardiovascular disease.
Results-Among all patients mortality at
10 years was 390/o in the lowest quartile,
51% in the second quartile, 50% in the
third, and 590/o in the fourth (p < 0-001
for relation between infarct size and 10
year mortality). Among patients without
a history of myocardial infarction,
angina pectoris, diabetes mellitus, or
hypertension the mortality in each quar-
tile was 29%, 32%, 41%, and 56%, respec-
tively (p < 0-001 for relation between
infarct size and 10 year mortality).
Among patients with any of these risk
indicators the association between the
estimated infarct size and mortality at 10
years was weak (p < 0.05).
Conclusion-Estimated size of a myo-
cardial infarct and mortality over 10
years seem to be related but mainly in
patients without a history of cardio-
vascular disease.
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Previous studies have shown that the size of
an infarct can be contained by early interven-
tion with thrombolytic agents,' blockers,2
and glyceryl trinitrate.3 We have previously
shown an association between infarct size and
mortality during the first two and five years
after an acute myocardial infarction.4' These
agents might reduce mortality when given in
the early phase of an acute myocardial infarc-
tion by limiting the spread of infarction.'67
This study aims at describing the relation
between infarct size, determined by the maxi-
mum serum activity of heat stable lactate
dehydrogenase, and the mortality during 10

years of follow up.

Patients and methods
All patients were admitted to the coronary
care unit of Sahlgren's Hospital or Ostra
Hospital in Gothenburg or to the Community
Hospital of Skovde between 1976 and 1981.
The inclusion criteria for participation in the
trial were chest pain lasting at least 30 min-
utes or electrocardiographic changes indicat-
ing acute myocardial infarction with onset of
symptoms within the previous 48 hours, or
both, and age from 40 to 74 years. The
cardiovascular exclusion criteria were a heart
rate less than 45 beats/minute; systolic blood
pressure less than 100 mm Hg; a PR interval
greater than 0-24; and severe congestive heart
failure defined as basal pulmonary rales
greater than 10 cm. Further exclusion criteria
have been presented elsewhere.8 Patients were
given 15 mg metoprolol or placebo intra-
venously soon after admission to hospital and
then 200 mg orally everyday for three months
in a double blind fashion. Thereafter most
patients with suspected ischaemic heart dis-
ease were given ,B blockade regardless of their
original treatment group.

PROTOCOL
The criteria for definite infarction were fulfil-
ment of at least two of the three following
conditions: (a) chest pain lasting at least 15
minutes; (b) at least two blood samples with
raised serum activity of aspartate aminotrans-
ferase (> 07 ,ukat/l) and decreased or normal
activity of alanine aminotransferase; and (c)
development of Q waves and appearance or
disappearance of ST segment elevation fol-
lowed by T wave inversion in at least two of
the 12 leads in a standard electrocardiogram.
An electrocardiogram was recorded once
daily during the first three days in hospital.
Blood samples for analyses of aspartate
aminotransferase and alanine aminotrans-
ferase activities were collected once daily dur-
ing the first three days in hospital; samples for
measuring heat stable lactate dehydrogenase
activity were taken every 12 hours for 48 to
108 hours after arrival. Serum activities of
aspartate aminotransferase, alanine amino-
transferase, and lactate dehydrogenase were
determined according to the methods of the
Scandinavian Committee on Enzymes.9 The
heat labile fraction of lactate dehydrogenase
was inactivated according to the method of
Brydon and Smith.'0 Infarct size was calcu-
lated by measuring the maximum enzyme
activity. The mortality over 10 years was
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Fisher's permutation test was used and a two

No (%) tailed test was applied. A p value less than
0 05 was regarded as significant. In the multi-

62 variate analysis a stepwise logistic procedure
40-74 was used.

Sex:
Men 592 (78)
Women 167 (22)

History of:
Myocardial

infarction 152 (20)
Angina

pectoris (1)* 265 (35)
Hypertension 235 (31)
Diabetes

mellitus (21)* 73 (10)
Smoking (83)* 379 (56)

*Number of patients with
missing information.

Figure 1 Relation
between maximum activity
of heat stable lactate
dehydrogenase and
mortality over 10 years in
all patients. p Values in
figs 1-3 and table 2 refer to
the relation between infarct
size and 10 year mortality.
Numbers are patients who
had died at IOyears
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Results
Overall, 1395 patients were included in the
trial, of whom 809 (58%) fulfilled the criteria
for acute myocardial infarction during their
first three days in hospital. Information on

serum lactate dehydrogenase activity and
mortality over 10 years was available in 759
of these patients (94%).

Table 1 shows the baseline characteristics
of these patients. Half were randomly allo-
cated to metoprolol and half to placebo treat-
ment.

MORTALITY IN RELATION TO INFARCT SIZE
Figure 1 shows mortality over 10 years for the
four quartiles of lactate dehydrogenase activ-

ity when all patients were included in the
analyses. Infarct size was significantly related
to the overall 10 year mortality, including
mortality during the initial stay in hospital,
being 39% in the lowest quartile, 51% in the
second quartile, 50% in the third, and 59% in
the fourth (p < 0-001). When patients who
were discharged alive from hospital were

analysed separately the relation was weaker (p
= 0 048). Mortality over 10 years was similar
in those treated with metoprolol and placebo.
After the first year the survival curves were

parallel.

MORTALITY IN RELATION TO HISTORY OF
CARDIOVASCULAR DISEASE, AGE, AND SEX
As shown in table 2 and figures 2 and 3, the
estimated infarct size was associated with
mortality among patients without a history of
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Figure 2 Relation between maximum activity of heat
stable lactate dehydrogenase and mortality over 10 years in
patients without history of cardiovascular diseases
(myocardial infarction, angina pectoris, hypertension, or

diabetes mellitus). Numbers are patients who had died at
10 years.

Table 2 Mortality at 10 years in relation to maximum serum heat stable lactate dehydrogenase activity and clinical
history

Quartile ofmaximum serum activity:
First Second Third Fourth

Mortality (%) (n) Mortality (%/6) (n) Mortality (%) (n) Mortality (%) (n) p Value

Age (years):
<61 29 (91) 35 (86) 36 (91) 52 (89) < 0-01
> 61 53 (100) 61 (103) 60 (99) 69 (100) < 005

Sex:
Men 42 (148) 52 (149) 47 (148) 60 (149) < 0-01

Women 32 (41) 46 (41) 54 (41) 62 (42)
Hisory
Myocardial infarction:

Yes 55 (40) 67 (39) 69 (39) 67 (39)
No 35 (150) 44 (151) 45 (150) 60 (151) < 0-001

Angina pectoris*:
Yes 49 (65) 59 (66) 62 (66) 55 (65)
No 36 (124) 41 (125) 46 (123) 63 (124) < 0-001

Hypertension:
Yes 52 (58) 62 (58) 53 (58) 62 (58)
No 36 (132) 45 (132) 48 (130) 57 (133) < 0-001

Diabetes mellitust:
Yes 88 (17) 82 (17) 76 (17) 82 (17)
No 33 (168) 46 (168) 49 (164) 56 (170) < 0-001

*One patient had missing information. tTwenty one patients had missing information.
n = Number of patients evaluated.

Table 1 Baselin
characteristics of ;
patients in trial. I
numbers (percentc
patients unless sta
othenvise

Characteristic
Age (yr):
Median
Range
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Figure 3 Relation between maximum activity of heat stable lactate dehydrogenase and
mortality at 10 years in patients with and without history of cardiovascular diseases
(myocardial infarction, angina pectoris, hypertension, or diabetes mellitus).

myocardial infarction, angina pectoris, dia-
betes mellitus, or hypertension. Among
patients with any of these risk indicators,
however, the association between infarct size
and prognosis was weak. In addition, the
association between infarct size and mortality
was stronger in younger than in older
patients.

MULTIVARIATE ANALYSIS
In a multivariate analysis considering age,

sex, history of cardiovascular diseases, infarct
size, and the occurrence of various complica-
tions during the stay in hospital the infarct
size was not an independent predictor of
death during the 10 years of follow up.

Predictors were a history of diabetes mellitus,
increasing age, presence of congestive heart
failure during the stay in hospital, and a his-
tory of myocardial infarction.

Discussion
The main aim in treating patients with acute
myocardial infarction is to try to contain the
infarct as much as possible. Yet, knowledge
about the association between the final extent
of the infarct and the very long term progno-
sis is still insufficient.

This study describes the relation between
the estimated extent of a myocardial infarct
and the overall mortality during 10 years of
follow up. We have previously described the
relation between estimated infarct size and
mortality after three months," two years,4 and
five years5 in the same population of patients.
We found an association between serum

lactate dehydrogenase activity and mortality
over 10 years in the univariate analysis. Thus
39% of patients with the smallest infarcts
were dead after 10 years compared with 59%
of patients with the largest infarcts. In the
multivariate analysis, however, infarct size did
not emerge as an independent predictor of
death. Such predictors were instead a history
of cardiovascular disease (particularly dia-

betes mellitus), previous acute myocardial
infarction, and age. Therefore the association
between infarct size and mortality was
stronger when patients without a history of
cardiovascular disease were analysed sepa-
rately.
When the association between infarct size

and mortality over five years was analysed the
curves diverged during the first year after
acute myocardial infarction, but not there-
after.5 In this study the mortality curves in the
four quartiles were also parallel between five
and 10 years after infarction. Thus the rela-
tion between infarct size and mortality over
10 years may reflect the much higher mortal-
ity among patients with larger infarcts during
the first year after infarction.
The use of enzyme activity to determine

infarct size has been criticised for being inac-
curate'2 13 although several studies have
shown a fairly good correlation between the
peak serum enzyme activity and histological
infarct size.'4-6 Previous studies have also
shown a strong correlation between infarct
size estimated by enzyme activity and the
occurrence of various complications during
'dhe early phase, 17-19 including death." 20
Criticisms have been raised about the use of
serum enzyme activity as an end point in
early intervention trials of suspected acute
myocardial infarction, because interventions
such as fi blockers2' and thrombolytic agents22
might influence enzyme kinetics and thereby
cause false positive or negative results.
Several previous intervention studies, how-
ever, have shown a parallel between reduced
enzyme activity and other indirect markers of
the severity of the infarction.22-25

In this study we found that indices of
myocardial function (development of conges-
tive heart failure during admission to hospi-
tal) were more strongly related with mortality
at 10 years than was estimated infarct size.
Previous studies have shown a reasonably
good correlation between enzyme release and
left ventricular function,2627 but mainly in
patients without previous myocardial infarc-
tion,'16 28 and estimates of left ventricular func-
tion are strongly related to prognosis during
the subsequent years.2932 The very long term
prognosis has been suggested to be more
closely related to the end systolic volume than
to the ejection fraction."

LIMITATIONS
Because of some contraindications not all
sizes of infarct were covered in this study.
Patients with pulmonary oedema or hypoten-
sion at arrival in hospital were excluded,
many of whom had large infarcts. The vari-
ability in infarct size, however, ranged from
the upper limit of normal values to approxi-
mately 18 times normal values, indicating
that a broad range of sizes was covered.
Furthermore, all ages were not covered as we
included only patients up to 75 years of age.
Finally, we lack information about the man-
ner of death, and thus only total mortality
could be analysed. The somewhat old fash-
ioned criteria for acute myocardial infarction
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should be related to the fact that the patients
had an acute myocardial infarction more than
10 years ago.

IMPLICATIONS
Estimated infarct size seems to be associated
with mortality over 10 years, mainly in
patients without a history of cardiovascular
diseases. Thus limitation of infarct size might
improve even the very long term prognosis
in this patient population. Our results
suggest that left ventricular function might be
better than infarct size in evaluating early
intervention in suspected acute myocardial
infarction.
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