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Prognostic index for myocardial infarction
treated in a coronary care unit
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A prognostic indexfor patients with acute myocardial infarction treated in a coronary care unit was presented.
It was derived by multiple regression analysis, and was based on the only three factors, of the many examined,
that made significant independent contributions to the outcome. These were the serum aspartic aminotransferase
(SGOT) level, cardiogenic shock, and oliguria. The system of scoring was simple, especially with a ready-
reckoner which was provided. There was very good agreement between the coronary prognostic index and the
observed mortality rate, and there was a highly significant linear correlation between the two (r=oo986,
P< O 0oO2). Ninety-seven per cent of the variation in mortality rate was explained by variation in the prog-
nostic index. The numerical values of the index, moreover, were close approximations of the mortality rate,

and could, therefore, be used to predict this.
The results supported the hypothesis that, in cases treated in a coronary care unit, the cardiac complications

of acute myocardial infarction are only indirectly related to the mortality rate, their presence merely reflecting
the extent of infarction. Cardiogenic shock was an exception, but other authors have shown that this complica-
tion may lead to an extension of the original infarct. It was now further suggested that the independent
contribution of oliguria to the outcome may be the result of secondary ischaemic damage in an important
extracardiac organ.

In order to assess the comparability of cases of acute
myocardial infarction when evaluating the effects of
different methods of treatment and when comparing
results from different centres, several groups of in-
vestigators have constructed systems for quantitating
the severity of infarction (Schnur, I953; Peel et al.,
I962; Hughes et al., I963; Gironi, Conte, and
Andreola, I966; Selvini et al., I967; Shubin et al.,
I968; Norris et al., i969a; Paichl and Sova, I969).
Such a system was designated a 'coronary prognos-
tic index' by Peel et al. (I962). Numerical scores are
allotted to the factors believed to be of prognostic
significance. The scores are weighted according to
the relative contributions of these factors to the mor-
tality rate. Their values may be derived empirically
(Schnur, I953; Peel et al., I962; Gironi et al., I966),
from discriminant analysis (Hughes et al., I963;
Shubin et al., I968; Norris et al., i969a), or from
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multiple regression analysis (Selvini et al., I967;
Paichl and Sova, I969). To calculate the coronary
prognostic index for an individual patient, one adds
together the scores for any of the factors present in
his case. The higher the index (Schnur, 1953; Peel et
al., I962; Gironi et al., I966; Selvini et al., I967;
Shubin et al., I968; Norris et al., i969a; Paichl and
Sova, I969) - or the lower (Hughes et al., I963) -

the more likely is the patient to die in the early
period after infarction.

However, no prognostic index so far published
was designed specifically for patients treated in a
coronary care unit. Even though the indices of Peel
et al. (I962) and of Norris et al. (i969a) have proved
useful for cases treated in such units (Lown et al.,
I967a; Aber, Portal, and Chopra, I969; Norris,
Brandt, and Lee, I969b; Thurston, I969; Linko et
al., I970; Hofvendahl, I97I; Thompson and Slo-
man, 1971; Royston, I972; Prakash et al., 1972),
there is still a need for an index which is specific for
coronary care unit cases. These usually have a lower
mortality rate than cases treated in the general wards
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(Marshall, Blount, and Genton, i968; Rockwell,
i969; Most and Peterson, i969; Bloomfield et al.,
1970; Chapman, 1970; Klaus et al., I970; Sloman
and Brown, I970; Hofvendahl, i97i). While their
mortality rate is lower for virtually every one of
numerous factors studied, it is not reduced by the
same proportion for all factors (B. L. Chapman,
I972, unpublished observations). Moreover, most
of the published indices (Schnur, I953; Peel et al.,
i962; Hughes et al., i963; Gironi et al., i966;
Selvini et al., 1967; Norris et al., i969a; Paichl and
Sova, i969) include factors that are not associated
with a statistically significant change in the mor-
tality rate of patients treated in a coronary care unit
(Chapman, I97Ia). These factors are sex (Schnur,
1953; Peel et al., i962; Hughes et al., i963; Selvini
et al., i967), previous ischaemic heart disease
(Schnur, I953; Peel et al., i962; Hughes et al., i963;
Selvini et al., i967; Norris et al., i969a), diabetes
mellitus (Schnur, I953; Peel et al., i962; Hughes et
al., i963; Gironi et al., i966; Selvini et al., i967),
hypertension (Schnur, I953; Peel et al., i962;
Hughes et al., 1963; Gironi et al., i966; Selvini et
al., 1967; Paichl and Sova, i969), and pulmonary
infarction (Hughes et al., i963). The index of Shu-
bin et al. (i968) was intended exclusively for the
assessment of cases with cardiogenic shock, and
therefore will not be considered further here.
We now present a new and simple coronary prog-

nostic index, designed for patients with acute myo-
cardial infarction treated in a coronary care unit.

Patients and methods
This is part of a prospective study of patients treated in
the coronary care unit of the Royal Newcastle Hospital.
The criteria for the diagnosis of acute myocardial in-
farction and its complications, the treatments used, and
the methods and duration of observation have already
been described (Chapman, 1970, 197Ia). Cardiogenic
shock was diagnosed if hypotension (systolic BP6 8o
mmHg), cyanosis, and coldness of the extremities per-
sisted for more than half an hour after the relief of pain
and the administration of oxygen. Oliguria was analysed
separately from the syndrome so defined. It consisted
of a minimum 24-hour urine volume of 500 ml or less,
or, in patients observed for under 24 hours, a flow rate
of 0o3 ml or less per minute, measured accurately over
at least one hour. The mortality rate refers to the whole
time in hospital. The mean time spent in hospital was
22-I days, and the mean time from infarction to death
was 8-6 days.

For the SGOT estimations, blood was taken at
approximately 24 hours after infarction (Chapman,
197Ib). Many patients had multiple specimens taken,
especially if the exact time of infarction was not known,
or if reinfarction was suspected. The highest reading
was the one analysed. Some patients died before the
enzyme was due to be estimated. A few were admitted

TABLE I Factors examined by multiple
regression analysis

Personal characteristics: Age, sex, height, weight, ponderal
index (Khosla and Lowe, I967), social class, tobacco
consumption.

Past history: Ischaemic heart disease, cardiac failure, chronic
renal failure, other diseases.

Admission episode: Month, admission delay, pain duration,
dyspnoea, Adams-Stokes attacks, treatment.

Complications and physical signs: Further pain, reinfarction,
triple rhythm, cardiac failure, pulmonary oedema, cardio-
genic shock, hypotension (systolic, diastolic), Adams-Stokes
attacks, mitral incompetence, oliguria, proteinuria,
pneumonia, acute bronchitis, pallor, cyanosis (central,
peripheral), cold extremities, sweating, pyrexia, newly
discovered 'diabetes'.

Arrhythmias and conduction defects: Sinus tachycardia (pres-
ence, duration, rate), sinus bradycardia, supraventricular
ectopic beats (presence, frequency, origin), supraventricular
tachycardia, atrial fibrillation (presence, onset, course),
atrial tachycardia with block, ventricular ectopic beats
(presence, frequency, foci), ventricular tachycardia, atrio-
ventricular block (first-degree, third-degree), bundle-
branch block.

Investigations: Electrocardiogram (definiteness of recent in-
farction, and depth), serum enzymes (SGOT, LDH), chest
x-ray (cardiomegaly, pulmonary congestion), polymorph
count, erythrocyte sedimentation rate (on admission, after
one week), cholesterol, urea, after 5o g glucose.

too late. In some other cases, specimens were taken at
the wrong time, were not taken at all, or proved unsatis-
factory for analysis. If an alternative cause for increase
was present at the same time, the result was discarded.
The time of infarction was taken to be the time of onset
of the symptoms of the episode precipitating admission.
A total of more than I50 factors (including variations)

was examined initially, using an NCR 500 computer to
sort the data (Chapman, I97Ia). The factors associated
with a statistically significant change in the mortality
rate were identified with the aid of x2 tests, and then,
along with some other factors important for different
reasons, subjected to multiple regression analysis. More
than 70 factors were examined in this way (Table I).
They included personal characteristics and habits, past
history, and coexistent disease, details of the episode
precipitating admission, cardiac and extracardiac com-
plications, arrhythmias, conduction defects, clinical ob-
servations, electrocardiogram, chest x-ray, and bio-
chemical and haematological investigations. Because of
their large number, these factors were grouped into
smaller sets which were analysed in turn, but every
factor was correlated with every other factor at least
once, and usually several times. Multiple regression
analysis was used to quantitate the contribution of each
factor to the outcome. The relative degree of association
of the individual factors with the outcome was indicated
by their partial correlation coefficients. The independ-
ence of a particular factor was shown by the departure
of its partial correlation coefficient from its simple corre-
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lation coefficient. The overall association of a set of
factors with the outcome was defined by the magnitude
of the multiple correlation coefficient for that set. The
factors that contributed significantly to the outcome
were then used in the construction of the coronary
prognostic index. Their weighted scores were derived
from the regression coefficients of the final multiple
regression equation. A CDC 3600 computer was used
for these analyses, using the CORE program (Michigan
State University). Additional programs were written
to permit changes in the scoring of individual factors
before each regression analysis, and to maximize the
number of patients in each analysis. The statistical pro-
cedures and computer techniques will be described more
fully elsewhere (Gray and Chapman, 1972).

Finally, the ability of the prognostic index to predict
the outcome was tested. The same cases were used for
this, as for the index's construction. Each patient's prog-
nostic index was calculated, and then compared with the
actual outcome. Mortality rate was correlated with
coronary prognostic index. Simple linear correlation and
regression analysis were carried out, using methods
already referred to (Chapman, 197ib, 1972). For this,
the groups that contained too few cases for percentages
to be calculated were combined, but this did not affect
the mortality trend.

Results
Four hundred and ninety-five cases of acute myo-
cardial infarction were treated in the coronary care

unit in the 2I months from its establishment in
August I968. Their mortality rate was I7-0 per cent.
The final coronary prognostic index was based on
357 cases, and their mortality rate was i6-2 per cent.
Of all the factors examined, only three made sig-

nificant independent contributions to the outcome.
These were the SGOT level, cardiogenic shock, and
oliguria. For each, the partial correlation coefficient
was highly significant (SGOT, r= o i8o; shock,
r=0-322; oliguria, r=0O329; for each, P<0o0ooo).
The multiple correlation coefficient for this set was
also highly significant (R=o0579, P<mOoi). The
coronary prognostic index was therefore based on

these factors.
The prognostic scores increased progressively

with the SGOT level (Table 2). Shock and oliguria
had very high scores which were almost identical.
For ease of calculation, a ready-reckoner is pro-

vided (Table 3). From this may be read off the
prognostic index for any combination of factors.
(For simplicity, all values were rounded off to the
nearest integer; this accounts for the several minor
discrepancies in Tables 2 and 3.)
As the value of the coronary prognostic index

rose, so did the mortality rate (Fig.). There was a

highly significant linear correlation between the
two (r= og986, P <o00002). According to the coeffi-
cient of determination (r2), 97-2 per cent of the

TABLE 2 Coronary prognostic scores

Factor Score

SGOT level* < 40 0
4I-80 4
8I-120 7
I2I-I60 II
I6I-2oo 14
,20I i8

Cardiogenic shock Absent 0
Present 32

Oliguria Absent 0
Present 33

TABLE 3 Ready-reckoner for calculating coronary
prognostic index

SGOTlevel* Factors, and corresponding prognostic indices

SGOT SGOT+ SGOT+ SGOT+
shock oliguria shock +

oliguria

40 0 32 33 65
4I-80 4 36 37 69
81-I20 7 39 40 72
12I-I60 II 43 44 76
I6I-2oo 14 47 47 80

, 20I i8 50 5I 83

* In Sigma-Frankel units/ml.

variation in mortality rate was explained by variation
in the coronary prognostic index.

Regression analysis (Fig.) showed that an increase
in the prognostic index of one was accompanied by
an increase in the mortality rate of i per cent
(b=o-986). There was little mortality other than
that described by the regression coefficient, and
hence explained by variation in the prognostic
index (a= I.i22). The result was that the numerical
values ofthe prognostic index were close approxima-
tions of the observed mortality rate (Table 4). For
no value did the index differ by more than about i
from the mortality rate, as calculated from the
simple regression equation. At the upper end of the
range, in fact, the values were identical.

Discussion
This coronary prognostic index was designed
specifically for patients with acute myocardial in-
farction treated in a coronary care unit. Though
many factors were examined during the construc-
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138 Chapman and Gray

TABLE 4 Comparison of mortality rate* with values of coronary prognostic index obtained from
ready-reckonert

Prognostic index 0 4 7 II I4 i8 32 33 36 37
Mortality rate III 5-I 8-o 12-0 I4.9 i8-9 32-7 33 7 36.6 37.6

Prognostic index 39 40 43 44 47 50 51 65 69 72
Mortality rate 39.6 40-6 43 5 44-5 47 5 50°4 514 65-2 69-2 72-I

Prognostic index 76 8o 83
Mortality rate 76-I 8o-o 83-0

* According to simple regression equation (see Fig.).
t See Table 3.
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This prognostic index could also be used to pre-
dict the mortality rate. The numerical values of the
index were close approximations of the mortality

/0 rate, and never differed by more than about i from
its numerical value. This was because there was a
mortality rate increase of i per cent for each prog-
nostic index increase of i, but almost no mortality
additional to this. When using the approximation,
however, one should take into account the scatter
of the mortality rate about the calculated regression
line. This is expressed in the standard error of
estimate, which was 3-5 per cent.

-0986 The results support the hypothesis (Chapman,
cO OX2 I972) that, in cases treated in a coronary care unit,
*0986X + 1122 the cardiac complications of acute myocardial in-
357 farction are only indirectly related to the mortality

rate, their presence merely reflecting the extent of
60O ' 80 * O100 infarction. Many cardiac complications were exam-

ined in the course of the multiple regression analyses,
but none except cardiogenic shock was found to

,gression of mortality make a significant independent contribution to the
dex. The number of outcome, over and above that made by the SGOT.
ts were, from left to The height to which this enzyme rises is propor-
id 17. The correspon- tional to the volume of infarcted myocardium (West,
,09, 4.5, 15 2, 35.7' Eshchar, and Zimmerman, I966; Killen and Tins-
stance of eachdotted ley, i966; Kibe and Nilsson, i967; Whitby, I968).
: itne represents twice The hospital mortality rate of acute myocardial in-

farction increases in a linear fashion with the SGOT
level (Chapman, I97Ib). Rising SGOT levels are

1 form included only also accompanied by an increasing incidence of
r level, cardiogenic myocardial insufficiency, secondary cardiac arrest,
tem of scoring was the conduction defects, and all arrhythmias, except
y-reckoner provided. sinus bradycardia (Chapman, I972). The incidence
ement between the of sinus bradycardia, by contrast, falls as the SGOT
the observed mor- level rises (Chapman, I972). That of primary cardiac
of the index were arrest does not alter significantly (Chapman, I972).
lity rate. There was These trends in incidence are in the same direction
elation between the as the mortality rates for the corresponding compli-
:he variation in mor- cations. That is, each of the complications whose
ation in the prognos- incidence increases with the SGOT level (Chapman,

I972) is also associated with an increase in the mor-
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tality rate (Chapman, I97Ia). Sinus bradycardia, on
the other hand, is associated with a decrease (Chap-
man, I97Ia), and primary cardiac arrest is associated
with no change in mortality (Chapman, I97Ia). It is
obvious, however, that in cases not treated in a cor-
onary care unit one or more of these complications
makes a contribution to the mortality rate which is
over and above that due to its relation to the size of
the infarct. It is generally accepted that untreated
arrhythmias are responsible for the higher mortality
rate ofthese cases (Mower, Miller, and Nachlas, I964;
Lown et al., i967a, b; Lawrie, I969; Lovell and
Prineas, 197I). Ventricular fibrillation may compli-
cate infarcts of any severity, whether the criteria for
this are clinical (Stock, Goble, and Sloman, I967;
Marshall et al., I968; Adgey et al., I969) or bio-
chemical (Chapman, I972).

Cardiogenic shock was the only cardiac complica-
tion to contribute significantly in its own right to the
outcome. There is evidence, however, that this com-
plication leads to an extension of the original infarct,
presumably because of diminished coronary per-
fusion (Page et al., I97I). This extension may not
necessarily be reflected in the peak enzyme levels.
If similar changes occur at the same time in other
organs, moreover, there may be an increase in the
mortality rate over and above that to be expected
from the extent of myocardial necrosis present.
The independent contribution of oliguria to the

outcome may be due to such secondary damage in
an important extracardiac organ. The incidence of
oliguria has a highly significant linear correlation
with the SGOT level (B. L. Chapman, I972, un-
published observations). One might, therefore, ex-
pect that the oliguria is due to diminished renal
perfusion, itself the result of a lowering of the car-
diac output which is proportional to the size of the
infarct. In keeping with this is the report by Hutton
et al. (I970) that all of io patients with myocardial
infarction complicated by acute renal failure had a
low cardiac output, hypotension, and renal under-
perfusion. In only 2 of these patients, however, was
the oliguria entirely prerenal. The remaining 8 had
varying degrees of 'intrinsic' renal failure. The
occurrence of this, nevertheless, was related to the
duration of hypotension. Such renal failure, only
incompletely related to the fall in cardiac output,
may explain the independent contribution of oli-
guria to the outcome in the present series. The
mechanism may be renal cortical ischaemia due to
persistent reactive vasoconstriction, such as occurs
in acute renal failure from various causes, including
shock (Hollenberg et al., I968). Vasoconstrictors,
which may impair tissue perfusion (MacLean et al.,
I965), were not used for the treatment of patients
in the present series.

It is suggested that the previously published
coronary prognostic indices predict the outcome
as well as they do, because they include factors
which vary with the serum enzyme levels (Chapman,
I972; B. L. Chapman, I972, unpublished observa-
tions), and therefore reflect both the extent of in-
farction (West et al., i966; Killen and Tinsley,
i966; Kibe and Nilsson, i967; Whitby, i968) and
the mortality rate (Chapman, I97Ib). These factors
are the electrocardiographic depth of infarction
(Peel et al., i962; Selvini et al., i967; Norris et al.,
i969a), arrhythmias (Schnur, I953; Peel et al.,
i962; Hughes et al., i963; Gironi et al., i966;
Selvini et al., i967), conduction defects (Peel et al.,
i962; Hughes et al., i963; Gironi et al., i966;
Selvini et al., i967; Norris et al., i969a), myocardial
insufficiency (Schnur, I953; Peel et al., i962;
Hughes et al., i963; Gironi et al., i966; Selvini et
al., i967; Paichl and Sova, i969), hypotension
(Hughes et al., i963; Gironi et al., i966; Selvini et
al., i967; Norris et al., i969a), leucocytosis (Hughes
et al., i963), increased sedimentation rate (Gironi
et al., i966), pyrexia (Hughes et al., i963; Selvini
et al., i967), and radiological pulmonary congestion
(Norris et al., i969a), and cardiomegaly (Gironi et al.,
i966; Norris et al., I969a). The incidence of all of
these factors varies with the SGOT level (Chapman,
I972; B. L. Chapman, I972, unpublished observa-
tions). Furthermore, the enzyme levels themselves
vary with age (B. L. Chapman, 1972 unpublished
observations), a prognostic factor used in all the
published indices. There is an inverse linear correla-
tion between the SGOT level and the incidence of
obesity (B. L. Chapman, I972 unpublished obser-
vations), a factor that appears in the prognostic index
of Gironi et al. (I966), but was excluded from that of
Norris et al. (I969a) because, as in the present series,
it was found to make no significant independent con-
tribution to the outcome. No previously published
coronary prognostic index includes the serum
enzyme levels.'

It may be objected that the inclusion ofthe SGOT
among the factors used to calculate the index leads
to selection of the cases analysed. This enzyme does
not reach its maximum level until 24 hours after
infarction (West et al., I966). The mortality rate,
even for coronary care unit cases, is highest in the
first 24 hours from infarction (Robinson, Sloman,
and McRae, I964; Lawrie et al., I967; Lown et al.,
I967a; MacMillan et al., I967; Parkinson, Wattie,
and Kirk, I967; Thomas, Jewitt, and Shillingford,
I968; Isacsson, Westerlund, and Wingstrand, I969;
Most and Peterson, I969; Thurston, I969; Skjaeg-
1 In the empirically derived index of Gironi et al. (I966), the
scores for the erythrocyte sedimentation rate were weighted
more heavily if the serum transaminase level was high.
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gestad et al., I970; Langhorne, I970; McAllen,
I97I). Some patients will, therefore, have died by
the time that the index can be calculated. In the
present series, however, the cases whose SGOT was
estimated constituted a representative sample of
the whole series, as judged by the incidence of all
other factors associated with a statistically significant
change in the mortality rate (B. L. Chapman, I972,
unpublished observations). Furthermore, their mor-
tality rate of i6-2 per cent was not significantly
different from the I7TO per cent for the whole series.
Most of the previously published coronary prognos-
tic indices, moreover, have suffered in some way
from the (inevitable) failure of their authors to ob-
tain complete information on all patients. Schnur
(I953) excluded patients dying in the first 24 hours.
Peel et al. (I962) and Hughes et al. (I963) excluded
those with incomplete data. The criteria for inclu-
sion in the series of Norris et al. (i969a) included
raised serum transaminase levels. They also included
evolutionary changes in the electrocardiogram,
which may take some time to develop (Parkinson
and Bedford, I928). These authors also substituted
certain observations for others, when these were not
known (Norris et al., I969a). While this allowed the
inclusion of all cases of infarction in the analysis,
it was not established that the substituted factors
had the same effect on the mortality rate as those
they replaced. Paichl and Sova (I969) accepted only
cases with transmural infarcts. Though the prog-
nostic indices of Schnur (I953), Peel et al. (i962),
and Norris et al. (i969a) were based on observations
made at the time of admission, even these, for
reasons mentioned already, were made on selected
groups of patients.
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