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Changing patterns and mortality of acute myocardial
infarction in a coronary care unit
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Summary

Three groups of patients who had been admitted to a
coronary care unit with infarction at different pei'iods
since 1963 were reviewed to assess whether the outcome
in such patients had improved over 12 years. There was
a significant reduction in mortality among consecutive
patients with mild or severe infarction between 1969-70
and 1974-5. Classifying the patients in all three- groups
according to their risk factors showed that for each risk
factor mortality had decreased since 1963. The incidence
of arrhythmias and conduction defects decreased be-
tween 1969-70 and 1974-5, and mortality among patients
with each arrhythmia also fell. The reduction in mortality
may reflect a changing pattern in the natural history
of the disease as well as a benefit of improved treatment.

Introduction
Since the first coronary care units were established in 1962 there
has been a rapid expansion in the number of such units. Their
value has been widely accepted' and several studies have shown
the benefit of treatment in such units.2 4 Over the past decade
many of the lessons learnt have been made available to patients
with infarction treated in other hospital areas. The outlook for
such patients has probably improved, though there are no
recent data on the present mortality of patients treated in
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coronary care units compared with that in patients managed in
less specialised areas of the hospital. There have also been few
reports on the changing clinical characteristics and survival of
patients with infarction treated in coronary care units over the
past decade. The lack of such reports is surprising given the
increasing number of articles that are questioning the effective-
ness of such units, especially in view of the cost of establishing
and maintaining them in terms of both staff and equipment.5-9
We therefore compared three groups of patients who had been

treated at different periods in our coronary care unit to determine
whether there has been any change in the clinical profile of such
patients or their survival rates.

Patients and methods

The Royal Melbourne Hospital is a 600-bed teaching hospital.
The coronary care unit, established in March 1963, admits patients of
any age with suspected acute myocardial infarction, the only barrier
to admission being the availability of beds in the unit. Initially only
men were admitted, but after a year patients of either sex were
admitted. Initially patients resuscitated from cardiac arrest were
admitted to the unit, but since 1972 these patients have been sent
preferentially to an intensive care unit if they needed assisted
respiration. When the unit opened in 1963 only two beds were
available but this was increased to four beds in 1969. Since its incep-
tion the unit has been under the control of the same director (JGS).

Patients' electrocardiograms (ECGs) are monitored during their
stay in the unit. The ECGs are displayed on a bedside oscilloscope as
well as on a central multichannel screen in the nurses' station. Trained
coronary care nursing sisters are in the unit at all times. Rhythm
strips are recorded hourly, or more often if arrhythmias are detected.
Full details of the operation of our unit are available elsewhere.10
Patients usually stay in the unit for two to four days, but they are
kept in longer if they have persistent arrhythmias or cardiac failure.
Patients are discharged to general ward beds, usually not under the
care of the cardiology unit, and the total length of stay in hospital is
eight to 12 days in uncomplicated cases. All survivors are reviewed in
a special coronary follow-up clinic or are contacted by telephone at
three months and 12 months.
We reviewed the details of three groups of 300 consecutive patients

with definite transmural myocardial infarction. Patients in group 1
were admitted over four years from March 1963, those in group 2
over 16 months from July 1969, and those in group 3 over 14 months
from August 1974. In each group of patients transmural infarction
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TABLE i-Clinical severity of infarction in three groups of patients admitted to coronary care unit in 1963-75. Mortality (0) at 28 days is shown in parentheses

Severity: Mild Severe Shock Previous arrest Total

Group 1 (1963-7) 144 (9 0) 104 (34 6) 35 (82-9) 17 (41-2) 300 (28)
Group 2 (1969-70) 61 (9-8) l* 189 (21-2) * 32 (87-5) NS 18 (44-4) NS 300 (27)
Group 3 (1974-5) 90 (1-1) 1 191 (10-5) J 14 (85-7) J 5 (40-0)1J 300 (12)

*P<0-05. **P<<0-01. NS=Not significant at 50%level.

was diagnosed on the same criteria-namely, definite cardiac infarction
(World Health Organisation class I) with either pathological Q waves
or, in the presence of left bundle-branch block, unequivocal clinical
and enzymatic evidence of infarction.
The clinical severity of the infarction was classified in all patients

according to the criteria of Robinson et al."1 Patients classified as

having mild infarction were those without clinical heart failure or

evidence of shock. Patients with severe infarction had clinical evidence
of circulatory embarrassment, including hypotension and a systolic
pressure of less than 100 mm Hg or heart failure, or both, while those
with cardiogenic shock manifested clinical shock and had a systolic
blood pressure of less than 90 mm Hg. A fourth group included those
in whom cardiac arrest had occurred before admission to the coronary
care unit. Clinical, ECG, and radiological data on the patients were

recorded in the unit on standard record-keeping forms.
In group 2 six patients had to be readmitted to the unit during follow-

up, and three died. In group 3 there were four such patients, two of
whom died. These deaths were counted only for the patient's first
admission, with the time of death being determined from the onset
of the first infarction.

Results

There was a significant reduction in mortality at 28 days between
groups 2 and 3 in patients with either mild or severe infarction (table
I), and this reduction in mortality was maintained to the 12-month
assessment (fig 1). The mortality of patients with cardiogenic shock or
those who were admitted after resuscitation from cardiac arrest did
not change.

Several analyses were made to determine the comparability of
patients within the three groups. The initial patients in group 1 were

admitted when only men were admitted to the unit, and the male:
female ratio of 7 0 was therefore much higher than in groups 2 and 3.
Patients in group 1 were also admitted over a much longer period.
Since 1972 patients resuscitated from cardiac arrest have been
admitted to the intensive care unit whenever possible rather than the
coronary care unit. For these reasons patients in group 1 were not
entirely comparable with those in groups 2 and 3, so most comparisons
were made between the last two groups.

Patients in groups 2 and 3 were remarkably similar. Both were
admitted over a similar period, and the male:female ratios were 3-7
and 4 0 respectively. Although the age distributions were similar
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TABLE II-Age distribution of three groups of patients. Mortality ( Oo) at 28
days is shown in parentheses

Age (years): <50 50-59 60-69 >70 Total

Group 1 (1963-7) 63 (17-5) 123 (26-9) 84 (29 8) 30 (53 5) 300 (28)
Group 2 (1969-70) 81 (19-7) 97 (23-8) 93 (34-5) 29 (38 0) 300 (27)
Group 3 (1974-5) 73 (2 7) 90 (11-2) 114 (16-7) 23 (17-4) 300 (12)

Total 217 310 291 82 900

(table II), there were fewer patients with cardiogenic shock and arrest
before admission and more with mild infarction in group 3 than in
group 2. For each age group patients in group 3 had a smaller death
rate than those in group 2.
The times of admission to the unit after the onset of pain are shown

for the the three groups in fig 2. An emergency mobile intensive care
ambulance service was set up in Melbourne in 1971,12 and 131 of the
300 patients in group 3 were carried to hospital by these special
ambulances. Patients in group 3 tended to be admitted earlier than
those in groups 1 and 2. There was a considerable reduction in the
proportion of patients admitted 16 hours or more after the onset-
from 36% in 1969 to 20°h in 1974. The times of admission after onset
were not known in 13, 11, and three patients in groups 1, 2, and 3
respectively. The length of stay in the unit did not change significantly
from 1963-7 to 1974-5 (fig 3). The mode was four days in group 1 and
three days in groups 2 and 3.
The history and risk factors of patients presenting to the unit are

shown in table III. Since 1963 there has been a reduction in the

TABLE IlI-History and risk factors. Mortality (%) at 28 days is shown in
parentheses

History Group 1 Group 2 Group 3

Myocardial infarction 75 (33) 89 (37) 75 (16)
Angina 166 (34) 147 (37) 118 (15)
Neither infarct nor angina 108 (18) 131 (16) 158 (7)
Hypertension 39 (26) 53 (26) 100 (10)
Diabetes 10 (40) 14 (43) 27 (11)
Pulmonary disease 27 (41) 16 (31) 16 (6)
Smoking Unknown 183 (22) 154 (9)
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Fig 3
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Months after admission Hours from onset Days in unit

FIG 1-Percentage of patients alive in each group at 28 days and at 3 and 12 months for groups 2 and 3. FIG 2-Cumulative percentage of patients admitted
up to 16 hours after onset ofinfarction in three groups. FIG 3-Length of stay in coronary care unit in each group. Patients were admitted on day 0.
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number of patients with a history of myocardial infarction or angina.
Hypertension and diabetes became more common and a history of
smoking slightly less common, although the latter reduction was
confined to patients aged over 50 years. When mortality was compared
in patients with similar risk factors in the three groups there was
again an improvement between 1963-7 and 1974-5 in patients with
each of the risk factors.
The incidences of arrhythmias and conduction disturbances in

groups 2 and 3 are shown in table IV. Such data are not available for
group 1. Again the mortality decreased in patients with each
arrhythmia.

TABLE iv-Incidence of arrhythmias and conduction abnormalities. Mortality
(0) at 28 days is shoz. n in parentheses

Group 2 Group 3

Atrial arrhythmias alone 22 (18) 30 (10)
Atrial and ventricular arrhythmias 69 (39) 46 (26)
Ventricular fibrillation in unit 48 (65) 22 (45)
Ventricular tachycardia without ventricular 45 (29) 52 (13)

fibrillation
Premature ventricular complexes without 84 (17) 104 (8)

ventricular tachycardia or fibrillation
Complete atrioventricular block 42 (43) 35 (40)
1st or 2nd degree atrioventricular block 29 (38) 19 (32)
Intraventricular conduction defect without 81 (44) 37 (38)

atrioventricular block
Neither arrhythmia nor conduction defect 60 (0) 66 (3)

Discussion

The effect of a coronary care unit on the early and late prog-
nosis of patients with acute myocardial infarction can be shown
unequivocally only by examining case fatality rates. Our data
have shown a significant reduction in mortality at 28 days
between patients with clinical evidence of mild or severe

infarction admitted during 1969-70 and those admitted during
1974-5. The improvement occurred in all age groups and was
maintained over the next 12 months. A reduction in hospital
mortality in patients with definite acute myocardial infarction
from 260o in 1967-9 to 14°, in 1973-5 has been reported by other
workers, but no breakdown by age or severity was given."3 A
preliminary report from Johns Hopkins Hospital has also
shown a decrease in case fatality rates for first myocardial
infarctions from 33.3",, in 1966-7 to 23 00% in 1971-a difference
that did not disappear when rates were adjusted for age and
clinical complications.'4
Such a reduction in mortality may be due to a change in

certain characteristics of the patients admitted, to improved
management within the coronary care unit, or during follow-up,
or to a change in the natural history of the disease in the
community.

Patients in group 1, who were admitted over four years from
1963,15 certainly differed in many respects from those in groups
2 and 3 and so cannot be compared realistically with the other
groups. Differences between the groups were due partly to
changes in admission policy: women were admitted only from
1964, and after 1972 patients with respiratory problems after
resuscitation from cardiac arrest were admitted to an intensive
care unit when possible. Groups 2 and 3 were more comparable,
although some differences were present. The patients in group 3
were somewhat older and there were more with clinically mild
infarction and fewer with cardiogenic shock. These figures are

of interest as it has been considered that the reductiort in
mortality in coronary care units may have been due to a change
in the profile of patients with a trend towards younger patients
or those with less severe infarctions. The past histories of
patients have also changed. In group 3 there were fewer patients
with a history of ischaemia or smoking but an increase in the
number with hypertension and diabetes. The 28-day mortality
fell within each risk group category, however.

Patients in group 3 tended to be admitted to the unit slightly
earlier than those in group 2, partly through the contribution
of the Melbourne Mobile Intensive Care Ambulance Service'2
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and partly because of the awareness of the need for early
treatment among doctors and the public. A continuing series of
open lectures on cardiopulmonary resuscitation for the com-
munity and the recognition of early infarction was started in
1973 and may also have contributed to this awareness. Earlier
admission of patients to the unit was not accompanied by a higher
early mortality, although this might have been expected, as most
deaths occur in the first hour or two after the onset.
Most deaths in patients with mild infarction during the acute

phase are due to cardiac arrhythmias. Our study has shown a
reduction in mortality in patients with various atrial or ventricular
arrhythmias but little change in that of patients with atrio-
ventricular or intraventricular conduction defects. Over the
period 1963-75 policies on the treatment of arrhythmias,
especially ventricular arrhythmias, have become more aggressive.

Monitoring techniques in the unit were unchanged between
1969-70 and 1974-5. Group 3 showed a considerable reduction
in both primary and secondary ventricular fibrillation, even
though the incidence of ventricular tachycardia was unchanged.
Even among patients with premature ventricular complexes
that did not progress to more serious ventricular arrhythmias,
the mortality was lowered in group 3, which suggested some
benefit in addition to that provided by lignocaine treatment.
The occurrence of atrial arrhythmias, either alone or in

combination with ventricular arrhythmias, decreased, as did the
mortality associated with them. Such arrhythmias have been
associated with "power failure," and treatment has included
both diuretics and digoxin. Perhaps not surprisingly, in view of
their poor prognosis, the mortality of patients with atrio-
ventricular or intraventricular block has not changed. Our
policy since 1968 has been to pace these patients with third-
degree atrioventricular block on diagnosis and to pace those with
second-degree block at a time of early election.
Most deaths in patients with mild infarction were due to

arrhythmias. The reduction in such deaths may have been
associated with a more aggressive use of lignocaine for ventricular
arrhythmias. Most patients with severe infarction who die do so
of pump failure. Some of our methods of management may be
helping to reduce the extent of myocardial infarction, although
this cannot be definitively proved. Such methods include (a)
prompt and more effective treatment of arrhythmias; (b) prompt
treatment of early or mild cardiac failure; and (c) treatment of
systemic hypertension with practolol and other agents if it is
present during the acute stages of infarction.
We can perform haemodynamic studies in the coronary care

area, but such studies are not performed routinely in all patients
with mild or severe infarction. Facilities for intra-aortic balloon
counterpulsation are not available in our unit, but other workers
have suggested that such facilities might have been expected
to have played an important role in reducing mortality from
myocardial infarction.13
A major difference between groups 2 and 3 was the less

frequent presentation of cardiogenic shock in the latter series.
From 1970 to 1974 the number of patients with myocardial
infarctions admitted to the unit per year remained relatively
constant, yet the number of patients with cardiogenic shock fell
over this time. Such patients are not being admitted to other
areas in the hospital and these observations suggest that a change
has taken place in the natural history of the disease. Certainly
many recent reports have shown a significant and continuing
decrease in population mortality rates from coronary heart
disease since around 1968.56-18 This decrease in mortality is
probably real, and although the changes in 1968 in the Inter-
national Classification of Diseases affecting coronary disease and
related causes of death might have introduced an artefact, this
is unlikely."8

This paper was presented in part at a symposium on cardiovascular
epidemiology held at Sydney Hospital on 24 April 1976.19 We thank
Anne Duffield, research technician, department of cardiology, for her
help.

Requests for reprints should be addressed to Dr David Hunt,
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HLA patterns in pernicious anaemia
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Summary

The pattern of HLA antigens was studied in 127 patients
with Addisonian pernicious anaemia. The pattern in the
whole group of patients differed significantly from that
in 586 controls. But different subgroups of the patients
had different HLA antigens. Among 27 patients with
anaemia associated with endocrine disease there was an
increased frequency of HLA-B8, B18, and BW15. The
remaining 100 patients, who did not have endocrine
disease, showed increased frequencies of HLA-B7 and
B12. The positive association with HLA-B12 among this
subgroup was confined to 62 patients with severely
impaired vitamin B,2 absorption, including 13 patients
with vitamin B%2 neuromyelopathy, who had the highest
frequencies of HLA-B7 and B12. The significant hetero-
geneity in HLA patterns in different clinical subgroups
of these patients indicates genetic heterogeneity in
pernicious anaemia and explains previous discrepancies
in the associations between HLA antigens and pernicious
anaemia.

Introduction

Genetic and autoimmune factors may contribute to the patho-
genesis of pernicious anaemia, atrophic gastritis, thyroid disease,
diabetes, and other autoimmune endocrine disorders.'-5

Pernicious anaemia has been associated with HLA-B7 or
HLA-A3, or both,6-9 though Eastmond and Woodrow found
no particular association with any antigen.10 Patients with
pernicious anaemia and vitamin B,2 neuromyelopathy may have
an increase in the phenotype A2-B12,11 while those with thyroid
autoantibodies may have an increased frequency of B8."2
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These findings are complex and might have arisen by chance.
If these associations do exist, however, they would suggest that
pernicious anaemia is a heterogeneous disease and that types of
the condition with different manifestations are associated with
different HLA antigens. To test this hypothesis, we HLA-typed
127 patients with pernicious anaemia who were independently
classified according to the presence or absence of associated
endocrine disease, vitamin Bl, neuromyelopathy, and severe
gastric atrophy.

Patients and methods

We studied 127 unrelated Caucasians with pernicious anaemia who
attended the Royal Melbourne Hospital for treatment or review
during 1976. They comprised 46 men and 81 women who were
selected because they satisfied standard diagnostic criteria for
Addisonian pernicious anaemia.3

All the patients had impaired vitamin B12 absorption, shown by a
Schilling test result of 0-5o' (mean 2-00-1) in the absence of gastric
surgery or intestinal malabsorption. One hundred and twenty-four
patients had serum parietal cell antibodies against human gastric
mucosa, and 65 (51-20o) had serum intrinsic factor antibodies. The
records of the patients were reviewed before HLA-typing and showed
that 13 patients had vitamin B12 neuromyelopathy (subacute combined
degeneration of the spinal cord) and that 27 (five men and 22 women)
had overt endocrine disease. Six of these patients (including one
diabetic) had thyrotoxicosis due to Graves's disease, eight (including
one diabetic) had primary myxoedema, one had idiopathic Addison's
disease of the adrenals, and 14 had diabetes mellitus (10 were depen-
dent on insulin).
HLA types were determined concurrently in the 127 patients with

pernicious anaemia and in 586 unrelated Caucasian subjects (blood
donors, people attending a health screening centre, and laboratory
staff) using the standard lymphocytotoxicity assay to detect 8 A-locus
and 14 B-locus antigens.13 14
To evaluate the significance of heterogeneity for HLA type, a

modified X2 statistic on two degrees of freedom'5 was calculated from
the 2 x 2 table for each antigen, and X2 was summed over all antigens at
either the A locus or the B locus, or both. The expected distribution
of the summary x2 was derived by using a computer to repeatedly
draw random samples of notional cases from the pooled group of
cases and controls and repeatedly recalculate the summary x2. The
probability that the observed heterogeneity over all antigens could
have arisen by chance was obtained by comparing the observed value
of the summary X2 with its empirical distribution." All the P values
were calculated to correspond to two-tailed tests of statistical sig-
nificance.
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