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Estimation of the risk of death during the first year
after acute myocardial infarction from systolic time
intervals during the first week
B J NORTHOVER

From the Leicester Royal Infirmary, Leicester

SUMMARY Patients who survived for the first seven days after acute myocardial infarction were

followed up for a further 51 weeks. During these 51 weeks there were 123 deaths and 477 eventual
survivors. Approximately half of the deaths occurred during the first 3 weeks of follow up. The
deaths were predicted with 75% sensitivity and 73% specificity by a discriminant analysis based
upon six variables seen during the first 7 days; predictions ofdeath and survival were 55% and 92%
accurate respectively. These six variables were, in ascending order of prognostic importance, the
occurrence of bundle branch blocks, the administration of a diuretic, the age of the patient, the
presence of diabetes mellitus, a previous myocardial infarction, and the ratio of the measured left
ventricular pre-ejection and ejection periods. Many other monitored variables, although
univariately associated with death, contributed nothing further to the multivatiate assessment of
mortality risk.

Most deaths from myocardial infarction occur within
the first few days. Nevertheless, patients who survive
for a week in hospital remain at increased risk of
death, albeit diminishing risk, for several months
thereafter. 2 Many such delayed deaths, although not
all, occur suddenly and outside hospital. Most are
considered to be caused by cardiac arrhythmias.34
Approximately 16% of patients who currently leave
hospital alive after acute myocardial infarction die
during the remainder of the first year.5 Prophylactic
agents intended to reduce this delayed mortality are
available.6 Such agents would best be confined,
however, to the subgroup of individuals at greatest
risk of death during the first few months after
infarction. But can the high risk subgroup of patients
be identified while still in hospital?
Numerous features have been shown to be statis-

tically associated with subsequent death,7 but to
varying degrees in different reported series. This is
particularly true of cardiac rhythm disturbances that
occur while patients are in hospital.89 Disagreement
continues about whether arrhythmias constitute
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prognostically adverse features operating in-
dependently of those other adverse features that
often coexist.s"" Left ventricular failure, on the
other hand, has been shown consistently to be
independently associated with death.""5 Never-
theless, little information is available on which
haemodynamic feature of cardiac failure, which test
for its presence, and which measure of its severity are
prognostically most reliable. Moreover, the time
after infarction at which collection of this informa-
tion is most meaningful is presently unknown. These
matters were investigated in the present study, with
an emphasis upon observations and tests that are
sufficiently safe and easy to use for them to be
available in even a non-specialist general hospital,
and which were applicable within the first week to all
patients, irrespective of age, severity of infarction, or
the presence of concomitant disease. Early assess-
ment is essential because many patients die within
a few weeks of discharge.' Furthermore, the
procedures used must be applicable to even the oldest
and frailest patients because they are the most likely
to die.5

Patients and methods

Patients admitted to the Leicester Royal Infirmary
who fulfilled the World Health Organisation's
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criteria for a "definite acute myocardial infarction"'6
and who survived for the first 7 days were studied
prospectively for the remainder of the first year. A
total of 600 consecutive episodes of infarction, all
managed by the same consultant, form the basis of
this report. No eligible patient was excluded during
the study period. The policies and techniques used
for monitoring and managing such patients in this
hospital, both in the coronary care unit and after
transfer to general medical wards, have been
described previously.'7 18 No patient received
thrombolytic treatment. On each of the first 2 or 3
days in hospital the following routine tests and
investigations were performed on all patients: (a) a

chest radiograph was obtained with a mobile x ray

source; (b) a standard 12 lead electrocardiogram was
recorded; (c) venous blood serum was analysed for
creatine kinase, hydroxybutyrate dehydrogenase,
alkaline phosphatase, glutamyl transferase, bilirubin,
urea, creatinine, urate, sodium, potassium, bicarbo-
nate, calcium, and phosphate; and (d) left ventricular
systolic time intervals were measured on a simultan-
eously recorded electrocardiogram, phonocardio-
gram, and externally registered carotid artery pulse,
as described in detail elsewhere.7 18 The ratio of left
ventricular pre-ejection and ejection periods (PEP/
EP) is known to have the greatest prognostic
value.7 18 This ratio also has the convenience ofbeing
largely independent ofheart rate. The PEP/EP ratios
were already known to divide patients at the time of
admission to this hospital into five prognostic strata

with mortalities ranging from 4% to 62% during the
first 7 days. 718 These same strata were used in the
present study. Anatomical site of infarction was

classified electrocardiographically by familiar but
arbitrary criteria.1920

Patients were routinely examined every day by me
while they were in hospital, and I paid particular
attention to features of cardiac failure (table 1). On
day 5 PEP/EP ratios were remeasured in all patients
and an electrocardiogram was tape recorded for 24
hours on all patients. I analysed tape recordings by
procedures that have been described and validated
previously.2' Most disturbances of rhythm were

classified according to the criteria of Schamroth22
(table 2). Intraventricular conduction defects,
however, were classified according to the World
Health Organisation's criteria,23 except that fascicu-
lar blocks were ignored. Tape recorded ventricular
extrasystoles and paroxysms of ventricular tachy-
cardia were graded in various ways (table 2),
including that proposed by Lown and Wolf.24
A signal averaged electrocardiogram was obtained

from 506 patients during the fifth day in hospital.
Frank orthogonal bipolar leads X, Y, and Z were

recorded simultaneously for 10 min with the patient
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at rest. Averaging was performed by the methods of
Simson2" with a commercially available system
(model 101, made by Arrhythmia Research Tech-
nology of Oklahoma). Averaging was not attempted
in the remaining 94 patients who had atrial fibrilla-
tion, atrial flutter, bundle branch blocks,26 or
extrasystoles occurring at a frequency of > 10/min.
Less frequent extrasystoles were automatically
deleted by a template algorithm within the computer
program. At least 200 sinus beats were bidirection-
ally bandpass-filtered between 25 and 250 Hz. This
provided a noise level of <lpV in all cases. A root
mean square voltage in the final 40 ms ofthe averaged
QRS complex of < 25pV or an averaged QRS
duration of > 120 ms was taken to be a significant late
potential.2"
No patient was lost to follow up, which was from

the beginning of day 8 to the end of day 365.
Surviving patients were seen in outpatient clinics for
as long as this was required clinically. Thereafter I
contacted patients. All medications, investigations,
and operations were documented during follow up,
as were further myocardial infarctions, diagnosed
according to the same criteria used for the index
infarction. Exercise electrocardiography was under-
taken by 113 patients, predominantly younger men, a
median of 22 weeks after infarction. The results of
this test were not used in the statistical analysis ofthis
study because no patient who died had taken the test,
a pattern noted previously by others.79 Coronary
angiography was performed on 29 patients after
infarction (median 37 weeks), although only six
patients had coronary angioplasty or aorto-coronary
bypass surgery during follow up.
Death was the primary patient end point that I

studied. All hospital records relating to the period of
follow up were scrutinised, but many of the deaths
occurred outside hospital, usually at home. In such
cases the person who witnessed the event was contac-
ted, or failing that the person who discovered or
certified death. Information was routinely collected
on the date and time of death, the patient's activities
before death, and the time that elapsed between any
premonitory events and death.

All the routinely monitored variables, as defined in
tables 1-3, from all 600 patients in the study were
categorised for statistical analysis into two or more
bands-most often simply presence or absence.
More complex categories are defined in the text and
tables. Statistical associations between all possible
pairs of routinely monitored variables and between
each monitored variable and patient end point were
then assessed by x2 tests plus a stepwise linear
discriminant analysis contained in the Statistical
Package for the Social Sciences.27 This permitted
both univariate and multivariate associations to
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Table 1 Routinely monitored variables that may be related to the effectiveness of cardiac pumping

Numbers ofpatients
With With feature
feature who died

Lung crepitation:
Day of admission - -

Day of discharge* 32 13
Any day* 293 75
Above lower scapular margin on any day* 74 23

Gallop rhythm (i) third, (ii) fourth, (iii) summation:
Day of admission (*for i and iii) 58 (i or iii) 19
Day of discharge (*for i and iii) 66 (i or iii) 25
Any day (*for i and iii) 81 (i or iii) 28

Cardiac apical impulse on day 5:
Palpability - -

To left of mid-clavicular line (cm)
Dyskinetic
Diameter >4 cm* 110 35

Jugular pulsations > 3 cm above sternal notch* 115 40
Oedema on any day:

Feet or ankles* 67 24
Above mid-calf* 26 11
Sacral

Blood urea > upper limit of normal range:
Day of admission* 162 53
Maximum in hospital* 280 75

Anterior-posterior radiograph at admission:
Pulmonary venous imbalance* 204 59
Pulmonary oedema* 59 20
Pleural effusion* 22 13

Radiographic evidence on any day:
Pulmonary venous imbalance* 213 61
Pulmonary oedema* 71 35
Pleural effusion* 70 40

Maximum cardiothoracic ratio > 0 5 on any dayt* 220 68
Killip and Kimball class20 categorised in 4 grades:
Day of admission* 273 (2) 77
Worst score in hospital* 296 (2) 78

Prognostic index of Norris and co-workers,5 categorised as < 3, 3-5, 6-8, 9-1 1, or > 11:
Day of admission* 265 (3) 75
Worst score in hospital* 304 (3) 82

*Indicates a significant univariate association with non-survival. All features were categorised as present or absent unless specified
otherwise. tlndicates radiographic information derived from an erect posterior-anterior film with the x ray source 6 feet from the chest.

be assessed, with p < 0-05 being regarded as
significant. This method for predicting outcome
after myocardial infarction is well established.2"'
As progressively more patients completed their

year of follow up it became possible by means of
discriminant analyses to calculate on day 7 the
probability that each subsequently enrolled patient
would survive for a year, based upon multivariate
comparison of the patient's own characteristics with
those of all preceding patients in the study. At the end
of the year of follow up the actual and predicted
outcomes were compared. Predictions only became
maximally successful, however, after the first 190
patients had completed their follow up.

Results

A total of 123 patients died during follow up (20% of
the study population); 61 of the deaths occurred
within the first month. Time of death was known to

the nearest hour in 95 patients. Of the accurately
timed deaths, 39 occurred between 05.00 h and
11.00 h, which is significantly more than occurred
during any other consecutive 6 h period, confirming
previous findings." No consistent pattern of
antecedent activities or premonitory events was
discovered. Death seemed to be unexpected in 57%O
whose death was witnessed.
Many of the routinely monitored variables in the

present study, as defined in tables 1-3, were
univariately associated with death. This was expec-
ted because the variables had been chosen because an
association with death was envisaged. Discriminant
analysis was performed to identify which routinely
monitored variables were multivariately predictive of
death. When all routinely monitored variables were
included predictions were 75%O sensitive and 730O
specific, with the predictive accuracy of death and
survival being 55% and 92% respectively. Each
monitored variable was then omitted in turn in
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Table 2 Disturbances of ventricular rhythm routinely tape recorded on day S

Numbers ofpatients

With With feature
Feature feature who died

VEs > l/hour* 117 36
Multifocal VEs 85 25
Paired VEs 64 21
VEs in bigeminy 79 28
Early VEs (RR'/QT < 1)
AIVR 28 11
VT 57 19
Highest VT rate (100-200/min or > 200/min)
Number of paroxysms ofVT
Longest paroxysm ofVT (beats and seconds)

Arrhythmias were classified as present or absent unless specified above. With the exception of early VEs, all other listed features were
univariately significantly associated with PEP/EP ratios on day 5 and with death.
*VEs, ventricular extrasystoles. Values of 1-10 VEs/hour and > 10 VEs/hour were also univariately associated with death.
AIVR, accelerated idioventricular rhythm ( > 3 consecutive QRS complexes at < 100/min).
VT, ventricular tachycardia ( > 3 consecutive QRS complexes at > 100/min).

reverse order of closeness of univariate association
with death. Most single variables could be omitted
without reducing the predictive sensitivity,
specificity, or accuracy. One by one such variables
were eliminated until only six remained. These six
variables were, in diminishing order of their respec-

tive standardised canonical discriminant function
coefficients'0 (used here as a convenient measure of
prognostic impact): (a) the PEP/EP ratio on day 5
categorised as <030 = 1, 030-033 = 2, 034-
037 = 3, 0-38-041 = 4, >0-41 = 5; (b) the
number of previous myocardial infarctions (MI) the
patient was known to have sustained, diagnosed by
the same criteria that were used for the index
infarction; (c) whether the patient had diabetes
mellitus (DM) categorised as present = 1,
absent = 0; (d) the age group in years of the patient,
categorised as <40 = 3; 40-50 = 4, 51-60 = 5,
61-70 = 6, 71-80 = 7, and > 80 = 8; (e) whether a

diuretic drug with a direct renal action was adminis-
tered at any stage in hospital, categorised as used = 1,
not used = 0; and (t) whether right or left bundle
branch block (BBB) was shown while in hospital,
categorised as shown = 1, not shown = 0. In com-

bination these six variables were as successful as the
combination of all the routinely monitored variables.
These six variables could be combined in the follow-
ing equation: Risk = 0-61 (PEP/EP) + 0-92 (MI) +
0-93 (DM) + 0-28 (age group) + 0-53 (diuretic) +
0-28 (BBB). Each term in this equation is the product
ofthe non-standardised canonical discriminant func-
tion coefficient for that variable and the patient's own
value for the variable. Where the risk was > 2-73 the
patient had > 50% chance of death during follow up
and was classed as a predicted non-survivor. Patients
with a < 30% chance of death during follow up had a

calculated risk of <2-31, and those with a <10%
chance of death had a calculated risk of < 2-04.

Discriminant analysis with uncategorised values
for age and the PEP/EP ratio gave essentially the
same mortality predictions as those using the
categories defined above. Categorised data, however,
simplified the calculation of risk, even to the point of
making it possible by mental arithmetic.
Any multivariate analytical technique makes-

certain assumptions about the numerical distribution
of the data it is called upon to handle. If the
assumptions are not fulfilled the predictive effective-

Table 3 Probabilities that the univariate associations between the monitored variables and outcomes were due to chance

PEP/EP MI DM Age group Diuretic BBB

Non-survival <0 001* <0 001* 0.001* 0-001* <0 001* <0.001*
PEP/EP <0 001 0.047* <0.001* <0.001* <0.010*
MI 0-230 0 990 0-003* 0-297
DM 0-185 <0.001* 0-149
Age group 0-002* 0 059
Diuretic 0 005*

PEP/EP, ratio of pre-ejection and ejection periods on day 5 (>030 in 257, of whom 96 died); MI, number of previous myocardial
infarctions (> 1 in 117, of whom 48 died); DM, diabetic status (121 diabetic patients, of whom 39 died); Age group, age in years, by
decade (159 patients >70 years, of whom 50 died); Diuretic, treatment with a diuretic drug while in hospital (317 treated patients, of
whom 92 died); BBB, right and left bundle branch blocks while in hospital (present in 92, of whom 35 died). *Univariate association
between the indicated variables was significant.
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ness may be reduced. The data derived from the
present study were re-examined, therefore, by two
additional techniques, namely logistic regression and
the Cox model. The same six routinely monitored
variables (table 3) were most predictive of mortality
in all three methods of analysis. The Cox model,
however, identified third degree atrioventricular
block as a seventh independent contributor, but this
was of marginal significance. Logistic regression was
slightly less sensitive (730o) than discriminant
analysis and the Cox model was slightly less specific
(70%/) than either discriminant analysis or logistic
regression. Because of the slight predictive
superiority of discriminant analysis I have used this
for the remainder of this report.

Despite statistical independence for predictive
purposes, each ofthe six variables listed in table 3 was
also highly associated univariately with at least one of
the other five. Patients who died without any warn-
ing were very similar in terms ofthese six variables to
patients whose death came more gradually or after
particular patterns of premonitory events. Only two
patients died from apparently non-cardiac causes;
one had a cerebrovascular accident and the other died
of carcinomatosis.
Most of the routinely monitored variables in the

present study owed whatever univariate association
with death that they had (tables 1 and 2) to being
associated with one or more of the six primary
variables listed in table 3. For example, many of the
monitored variables reflecting reduced pumping
effectiveness of the left ventricle (table 1) were
closely associated univariately with death but con-
tributed nothing additional to PEP/EP ratios on day
5 in the multivariate assessment of risk. This was also
true of PEP/EP values measured on days other than
day 5. There was a univariate association between
death and infarction of the anterior wall, compared
with other sites, but this feature also failed to
contribute multivariately to mortality risk.
Only one routinely monitored variable reflecting

ventricular pumping effectiveness was found to be
predictive of death independently of PEP/EP values
on day 5, and that was diuretic use (table 3). This
remained true irrespective of whether diuretic use
was defined in terms ofday ofadmission only, the last
day in hospital, or indeed any day or combination of
days in hospital. It was also independent of the type
of diuretic used, the dose used, or the route by which
it was administered. The highest standardised can-
onical discriminant function coefficient was obtained
when this variable was defined in terms of "at any
time in hospital", and it is in this sense that the
variable is used in the remainder of this report.
Diuretic usage was only marginally less predictive of
death, however, when use on only the first day in
hospital was considered.

Several disturbances of cardiac rhythm recorded
on the routine daily 12 lead electrocardiograms, plus
those on the routinely tape recorded electrocardio-
gram on day 5, were univariately associated with
death. This was true of episodes of second and third
degree atrioventricular block, of atrial fibrillation, of
atrial flutter, and of all forms of supraventricular
tachycardia combined. Ventricular extrasystoles on
the tape recorded electrocardiogram were uni-
variately associated with death, and the association
was closest when the frequency of these beats was
categorised as < 1, 1-10, or > 10 per hour (table 2).
Table 2 shows several other features of the ven-
tricular extrasystoles, such as grading according to
the scheme of Lown and Wolf24 or occurrence in
bigeminy or pairs, which although still significantly
associated univariately with death, were less closely
associated with this outcome than when the
frequency of ventricular extrasystoles was defined as
in table 2. Paroxysms of ventricular tachycardia on
the tape recorded electrocardiogram had a similar
prognostic significance to that of the frequency of
ventricular extrasystoles. This was true irrespective
of whether this arrhythmia was defined indepen-
dently of the ventricular rate, or was categorised in
three bands with average rates of < 100, 100-200,
and > 200 per min. Severity attribution was to the
band representing the paroxysm with the highest
rate. The prognostic significance of ventricular
tachycardia was independent of the length of the
longest paroxysm, the average length of the recorded
paroxysms, or the total number ofparoxysms during
the 24 hour recording (table 2). None of the forgoing
arrhythmias, however, made an independent con-
tribution to mortality risk after allowance for the six
variables shown in table 3, and was seemingly
independent ofwhether a patient was receiving anti-
arrhythmic drugs on day 5, or had done so earlier
while in hospital.
The occurrence of supraventricular extrasystoles

on the electrocardiogram tape recorded on day 5, or
the occurrence of ventricular fibrillation while in
hospital were not associated univariately with death
during follow up."'

Late potentials were found in 168 ofthe 506 signal-
averaged electrocardiograms and were significantly
associated univariately with death. They made no
independent contribution to mortality risk, however,
in these 506 patients after allowance for the six
variables listed in table 3. Late potentials and tape
recorded paroxysms of ventricular tachycardia
showed a univariate association, and both were
associated univariately with frequent ventricular
extrasystoles on the tape recorded electro-
cardiogram.
To determine whether the prognostic significance

of each of the routinely monitored variables changed
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significantly during the study period a discriminant
analysis was performed on just the first 200 patients.
This predicted the first year outcomes with 74%
sensitivity, 74% specificity, and 56% accuracy for
death. Unstandardised canonical discriminant func-
tion coefficients were calculated for each of the
monitored variables in these first 200 patients. The
coefficients were then used, without modification, to
predict outcome in the remaining 400 patients.
Predictions made in this way were 74% sensitive,
73% specific, and 55% accurate for death.

All survival predictions presented so far in this
report relate to a 51 week period of follow up.
Discriminant analyses were also undertaken to
examine the predictability of survival for shorter
periods. The 3 month predictions were 76% sensi-
tive, 75% specific, and 5500 accurate for death,
values not significantly different from the one year
predictions, and with the same six variables (table 3)
contributing. This was not very surprising because a

substantial majority ofthe deaths occurred within the
first 3 months.

Discussion

As in several previous reports,"" patients in the
present study with evidence of cardiac failure while
in hospital had a high one year mortality. The most
useful measure of cardiac pumping effectiveness
from the list of routinely monitored variables was the
ratio ofthe measured left ventricular pre-ejection and
ejection periods on day 5. Previous workers also have
reported a univariate association between this ratio
in patients while in hospital and one-year non-

survival,"' although a multivariate study has not
been published previously. Many of the classic
symptoms and physical signs of cardiac failure
correlated only weakly with the more objective
measures, such as PEP/EP values. This too accords
with previous reports."9 A significant univariate
association was found in the present study between
lung crepitations heard on day 5 and PEP/EP values
on that day of > 0 33, although not with values of
0 30-0 33. There was a significant univariate associa-
tion, however, between diuretic usage while the
patient was in hospital and PEP/EP values of 0 30-
0 33 on day 5, as well as with higher values of this
ratio. Lung crepitations, therefore, have limited
prognostic value (table 1).

Evidence of pulmonary venous imbalance on the
radiograph obtained routinely in the present study at
the time of admission had some prognostic value. At
the time this radiograph was obtained patients with
even mild left ventricular failure are unlikely to have
had time to respond to any diuretic medication to the
extent that pulmonary venous imbalance would have
gone. Indeed, in less severe cases the decision to give
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diuretic medication often was taken only after view-
ing the chest radiograph. Previous workers have
noted that patients with radiographic or other objec-
tive evidence of left ventricular failure at the time of
admission are more likely to die within a year of
discharge," even if the signs of failure resolve
during the first few days in hospital.4'"

It is uncertain why diuretic usage carried -an
adverse prognostic significance in the present study.
Electrolyte imbalance47 is unlikely to be the whole
explanation since patients who received only a single
dose of a diuretic at the time of admission to hospital
remained at increased risk throughout follow up,
irrespective ofwhether any diuretic was given during
follow up. Areas of ischaemic but still viable myocar-
dium may create a low left ventricular diastolic
compliance during the early stages of an infarction,
and such patients would receive diuretic treatment
to relieve their pulmonary congestion. Areas of
myocardial stiffness are known to improve while in
hospital,' enabling the diuretic to be stopped. The
existence of areas of only marginally perfused
myocardium, however, may continue to pose a risk of
arrhythmias,49 even though collateral vessels may
open sufficiently to improve the diastolic stiffness.'0
Numerous methods for assessing the pumping

effectiveness of the left ventricle have been used to
predict survival after myocardial infarction, notably
imaging with ultrasound, radionuclides, and x ray
contrast media. So far, however, none has been
reported to predict survival with a combination of
sensitivity, specificity, and accuracy0 any better
than the six variables listed in table 3.
The prognostic significance of ventricular

extrasystoles and paroxysms of ventricular tachy-
cardia on tape recorded electrocardiograms is still
disputed. Paroxysms of ventricular tachycardia in
one 24 hour recording are often absent the next day."
Furthermore, frequent and complex ventricular
extrasystoles seem to possess independent prognostic
significance among patients with non-Q wave infarc-
tions but not among those with Q wave infarctions.5
Ventricular arrhythmias are both more common and
prognostically more sinister when recorded 2 weeks
or more after infarction than when recorded, as in the
present study, during the first week.55 Ventricular
extrasystoles have shown an independent prognostic
significance when combined with a simple clinical
assessment of left ventricular function plus evidence
from a chest radiograph,8 5-58 or with left ventricular
ejection fractions derived from multiple gated
ventriculography.59 The prognostic significance of
ejection fractions may be enhanced multivariately by
including information on paroxysms of ventricular
tachycardia,"3 on ventricular extrasystoles at a rate
of >3 per hour3 or >10 per hour,6162 or on the
complexity of the ventricular extrasystoles." These
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Table 4 Standardised canonical discriminant function coefficients calculatedfor the six most important monitored variables
after dicotomisation

Dicotomised variable
Name Value PEP/EP MI DM Age group Diuretic BBB

PEP/EP: <0 30 0-341 0-560 0-348 0-424* 0 215
>0-29 (0589) 0497 0-200 0-350 - -

MI: 0 0-366 0-581* 0-429* 0-287 0 139
> 0 0-941 (0477) _ - 0-275 0-237

DM: Absent 0-640* 0-600* (00345) 0-385* - 0.249*
Present - - (0345) .385*

Agegroup: <7 0-552* 0.501* 0.406* 028)0.144* -

>6 - - - (08)- 0.726*
Diuretic: Not given 0 939 0-596 0-185 -

Given 0 412 0-570 0-462 0-488* (0255) 0.229*
BBB: Absent 0-639 0-511 0 430 0.232 0-217 (0 094)Present 1-164 0-241 0-239 0 349 0-697*

See footnote to table 3 for abbreviations. Values in parentheses are coefficients for undichotomised variables. *Variables where the two
dichotomised values gave significantly different coefficients. Missing values are variables that failed to contribute multivariately to risk of
death.

arrhythmias failed to enhance the success of predic-
tions, when, as in the present study, combined with
evidence of the extent of myocardial injury derived
from biplane x ray contrast ventriculography"' 5 or
thallium imaging.'3 Furthermore, radionuclide
derived ejection fractions when combined with
clinical evidence of ventricular dysfunction were no
longer prognostically enhanced by information about
ventricular arrhythmias.9 101 Ventricular arrhy-
thmias, therefore, probably reflect the extent of
myocardial injury. The more fully the extent of
injury has already been taken account of in a
multivariate assessment of risk the less will be the
additional contribution from ventricular arrhy-
thmias." In one previous study.29 as in the present
investigation, bundle branch blocks contributed
multivariately to the risk of death in the year after
myocardial infarction. In contrast with the previous
study, however, patients in the present study with
right and left bundle branch blocks had a similar
mortality, which allowed data from them to be
combined for statistical analysis.
The present study confirms previous work2416 in

showing that diabetes is an adverse prognostic
feature that is independent of those others with
which it often coexists (table 3). The adverse
prognostic significance of several of the routinely
monitored variables was different in diabetic and
non-diabetic patients. Standardised canonical
discriminant function coefficients were calculated
for each of the prognostically important variables
after patients were stratified in the ways shown in
table 4. In contrast with the situation among non-
diabetic patients only diuretic use made an
independent prognostic contribution among diabetic
patients and warrants further study.
As in previous studies,'9 age operated in-

dependently of the other prognostically important

variables in the present study (table 3). In contrast
with the situation among younger patients, however,
the only routinely monitored variable that had an
independent prognostic impact among those aged
>70 years was the occurrence of bundle branch
blocks (table 4). Note also that the age group to which
a patient belonged did not make an independent
contribution in those who had previously had a
myocardial infarction, in the diabetics, and in those
who did not receive a diuretic while in hospital (table
4). The reasons for these subgroup differences
warrants further study.

In conclusion, within the first week it is possible to
predict the risk of death for each patient recovering
from an acute myocardial infarction. Only six items
of information are required and assessment is
possible entirely at the patient's bedside without
resort to expensive, difficult, or dangerous investi-
gations. Those found to be at some predetermined
level of risk, say 50o/, warrant prophylaxis.6

I thank those many members of the staff of the
Leicester Royal Infirmary who have helped me
during the course of this study, particularly
Dr J R Hearnshaw. Andrew Curry collaborated on
the mathematical aspects of the study.
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