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Prognostic value of predischarge 12 lead
electrocardiogram after myocardial infarction
compared with other routine clinical variables
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SUMMARY The prognostic value of QRS score (Selvester), ST depression, ST elevation, extra-

systoles, P terminal force in Vl, and QTc derived from the predischarge 12 lead electro-
cardiogram was assessed after myocardial infarction in 474 patients without intraventricular
conduction defects, ventricular hypertrophy, or atrial fibrillation. The usefulness of these results
in risk assessment was compared with that of other clinical data. During follow up 45 patients
died. Logistic regression analysis showed that QRS score, ST depression, and QTc were inde-
pendently predictive of cardiac mortality. When multivariate analysis was applied to clinical and
electrocardiographic data together, however, the 12 lead electrocardiogram did not provide inde-
pendent information additional to that provided by other routine clinical findings and laboratory
tests such as a history of previous myocardial infarction, clinical signs of persistent heart failure,
indication for digitalis or antiarrhythmic drugs at discharge, and enlarged heart on chest x ray.

In conclusion, the electrocardiogram has important prognostic value; however, it is not power-
ful enough to further improve the risk assessment of post-infarction patients.

Some tests of cardiac function (mainly related to the
detection of myocardial ischaemia, the quality of left
ventricular function, or the occurrence of ventricu-
lar arrhythmias) have been used to assess risk after
myocardial infarction. It is apparent that there is
considerable overlap in the information derived
from these tests.' Furthermore, because many hos-
pitals cannot provide all these tests, which are
expensive and in some cases risky for the patient, it
is important to know how to make the best possible
use of standard clinical and laboratory tests in risk
assessments.
The 12 lead electrocardiogram is valuable in risk

assessment in patients after myocardial in-
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farction.2- 7However, few studies have also deter-
mined the usefulness of other clinical findings2 or
have used a multivariate analysis for variables that
predict mortality. The routine 12 lead electro-
cardiogram is an attractive tool for risk assessment
in patients after infarction because it provides
information on the extent of myocardial damage,8
left atrium overload,79 presence of myocardial
ischaemia,2 10 arrhythmias,3 and electrical
instability.4 5
The aim of this study was to analyse the power of

different variables extracted from the predischarge
electrocardiogram to predict one year survival after
myocardial infarction and to establish whether they
provide information that is additional to that sup-
plied by routine clinical findings and tests. The
study was based on 474 hospital survivors of myo-
cardial infarction without intraventricular conduc-
tion defects, ventricular hypertrophy, or atrial
fibrillation-all of which are markers of increased
cardiac risk.
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12 lead electrocardiogram after myocardial infarction

Table 1 Data on the patients in whom clinical and
electrocardiographic variables were studied

No I year mortality

Admitted with AMI 706 174 (25%)
Hospital deaths 104 104 (100%)
Discharged alive 602 72 (120°O)
Excluded: 128 27 (21%o)

Lost to follow up 6 -
Non-cardiac death 2 2
Missing or bad quality

predischarge ECG 36 3 (8'"h)
IVCD and/or VH and/or AF 84 22 (260o)

Study base 474 45 (90o)

AMI, acute myocardial infarction; ECG, 12 lead electro-
cardiogram; IVCD, intraventricular conduction defects; VH,
ventricular hypertrophy; AF, atrial fibrillation.

Patients and methods

From March 1981 to December 1983, 706 patients
were consecutively admitted to the coronary care
unit of the Thoraxcenter with a confirmed diagnosis
of acute myocardial infarction. Four hundred and
seventy four of the 602 hospital survivors form the
base for this study (table 1). All these patients were
followed for one year, with death as the end point.
Table 2 shows the differences in selected baseline
characteristics between 474 patients included in the
study and 84 patients excluded because they had
intraventricular conduction defects, ventricular hy-
pertrophy, or atrial fibrillation. We used two sets of
information to predict mortality-one derived from
the predischarge 12 lead electrocardiogram and an-
other based on the remaining clinical and laboratory
findings obtained in hospital.

ELECTROCARDIOGRAPHIC VARIABLES
At discharge the standard 12 lead electrocardiogram
was obtained on a three channel Hewlett Packard
1513A recorder at a paper speed of 25 mm/s. The
following electrocardiographic variables were mea-
sured: the presence of ventricular extrasystoles,
QRS score developed by Selvester,8 ST depression
(horizontal or downsloping) or elevation of > 1 mm,
P terminal force in Vj,7 9 and QT interval corrected
for heart rate (QTc).4' The measurements were
performed by one cardiologist who was unaware of
the outcome of the individual patients. In a previous
study we showed that when the QRS score was
measured agreement between two independent
observers was good.6

OTHER CLINICAL VARIABLES
The other routine variables were age, sex, history of
previous myocardial infarction, history of previous
stable angina pectoris, peak serum creatine kinase,
the worst Killip class while the patient was in the
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coronary care unit, early post-infarction angina,
"late" ( > 72 hours after the onset of infarction) ven-
tricular fibrillation, late sustained ventricular tachy-
cardia or atrial arrhythmias, persistent heart failure
after discharge from the coronary care unit, resting
heart rate at discharge, cardiomegaly (cardiothoracic
ratio > 50%), and signs of pulmonary congestion on
predischarge chest x ray, and medication at dis-
charge (digitalis, diuretics, ,B blockers, anti-
arrhythmics, anticoagulants). Selection of these
variables was based on clinical experience and pre-
vious research in our clinic.

Other tests performed before discharge such
as radionuclide ventriculography at rest (in 417
patients), symptom limited bicycle ergometry (in
340 patients), and 24 hour ambulatory electro-
cardiographic monitoring (in 310 patients), have
been described elsewhere.' Cardiac catheterisation
with coronary arteriography was performed in 235
patients as an elective procedure or as part of a ran-
domised trial of intracoronary streptokinase." -1 3
Before discharge from hospital 46 patients had coro-
nary artery bypass surgery, and 15 had percutaneous
transluminal coronary angioplasty.

STATISTICAL ANALYSIS
Univariate analysis of the different electro-
cardiographic and clinical variables was performed.
Continuous variables were divided into thirds. The
95% confidence intervals for the respective risk
ratios were calculated according to Miettinen and
Nurminen'0; the first tertile was regarded as the
reference group. If the 95%o confidence interval
exceeds 1, the association of the respective variable
with the risk of dying within one year is statistically
significant at the 50 level.

In the multivariate analysis the logistic regression
model was used to predict mortality. Thus the ob-
jective was to find the combination of variables that
most closely predicted mortality. As a general prin-
ciple, we used indicator variables. These variables

Table 2 Differences of selected baseline characteristics
between patients in the study group and those excludedfrom
the study because of ventricular conduction defects, atrial
fibrillation, or ventricular hypertrophy

Study group Excluded p value

No of patients 474 84 -

Age(yr) mean(SD) 57 (11) 61 (10) 0-002
Previous AMI (No (Oo)) 143 (30) 26 (33) NS
Late heart failure (No (o)) 63 (13) 27 (35) 0-0005
CTR > 50% (No (0°)) 95 (20) 34 (44) 0-0005
EF (°O (mean (SD))) 47 (14) 37 (17) 0-0005
Extrasystoles (No (%o)) 19 (4) 6 (8) NS
PTF (mm ms (mean (SD))) 20 (4) 26 (18) 0-0005

AMI, acute myocardial infarction; CTR, cardiothoracic ratio;
EF, left ventricular ejection fraction; PTF, terminal force of P wave
in VI.
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Table 3 Mortality, risk ratios, and confidence intervals for the different electrocardiographic and clinical variables
determined by univariate analysis

95%
confidence

No Mortality Risk ratio interval

12 lead electrocardiogram
QRS score:
< 2 144 9 (63%)
2-5 140 10 (7-1%) 1 1 0-5-27
> 5 190 26(13-7%) 22 1-1-45

ST segment depression:
No 414 34 (8 2%)
Yes 60 11 (1830o) 2-2 1-2-4-0

ST segment elevation:
No 306 28 (9 2%)
Yes 168 17(1011%) 1 1 06-19

Extrasystoles:
No 455 43 (9-5%)
Yes 19 2 (10-5%) 1-1 0-3-3.5

PTF:
< lOmmms 190 14 (7-4%)
10-20 mm ms 131 12 (922%) 12 0-6-2-6
> 20 mm ms 153 19(1244%) 1-7 0-9-3-2

QTc:
< 400ms 147 12 (82%)
400-440 ms 182 13 (71%) 0-9 0-4-1-8
> 440ms 145 20(13-8%) 1-7 09-3.3

Other clinical variables
Age:
< 50yr 116 11 (95%)
50-60 yr 165 11 (677%) 0-7 0-3-1-5
> 60yr 193 23(11-9%) 1-3 0-6-2-5

Sex:
Female 102 12 (11-8%)
Male 372 33 (8-9%) 0-7 0-4-1-4

Previous AMI:
No 331 21 (6 3%)
Yes 143 24 (16-8%) 2-6 1-5-4-6

Previous angina:
No 301 23 (7-60)
Yes 173 22 (127%o) 1-7 1-0-2-9

Peak CK:
< 300 IU/l 194 14 (7-2%)
300-600 IU/l 121 16 (1322%) 1-8 0-9-3-6
> 600 IU/I 159 15 (9.4%) 1-3 0-7-2-6

Killip class:
I-11 439 36 (8-2%)

III-IV 35 9 (25 7%) 3-1 16-5-7
Early post-AMI angina:
No 351 32 (9-1%)
Yes 123 13 (10-6%) 1-2 0-6-2-1

Late VF or VT:
No 460 40 (8-7%)
Yes 14 5 (35.7%) 4-1 1-8-7-8

Late SVT or AF:
No 452 40 (8-80)
Yes 22 5 (2277%) 2-6 1-1-5-3

Late heart failure:
No 411 27 (6-60)
Yes 63 18 (2866%) 43 2-5-7-3

Heart rate at discharge:
< 65 beats/min 185 12 (6 5%)
65-75 beats/min 144 12 (8-3%) 1-3 0-62-7
> 75 beats/min 145 21 (1455%) 2-2 1-2-4-3

Predischarge CTR > 500
No 379 24 (6 3%)
Yes 95 21 (22 10o) 3-5 2-0-5-9

Pulmonary congestion:
No 445 39 (8-8%)
Yes 29 6 (2077%) 2-4 1-1-47

Medication at discharge:
Digitalis
No 383 24 (6-3%)
Yes 91 21 (23-1%) 3-7 2-1-6-2
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9S%
confidence

No Mortality Risk ratio interval

Diuretics:
No 312 19 (6-1%) -
Yes 162 26(16-0%) 26 1-5-4-6

,B blockers:
No 205 24(11-7%) _
Yes 269 21 (7 8%) 07 04-1 2

Antiarrhythmics:
No 459 40 (8.7%) -
Yes 15 5 (33 3%) 3-8 1-7-7-4

Anticoagulants:
No 384 32 (8-3%) -
Yes 90 13 (14-4%) 1-7 0-93-1

PTF, P terminal force in VI; AMI, acute myocardial infarction; CK, serum creatine kinase; VF, ventricular fibrillation; VT, sustained
ventricular tachycardia; SVT, paroxysmal supraventricular tachycardia; AF, paroxysmal atrial fibrillation or atrial flutter; CTR,
cardiothoracic ratio.

have a value of 1 if the property considered is
present and 0 if it is not. Continuous variables were
divided into thirds and indicator variables for the
middle and high risk categories were considered for
inclusion in the model. The BMDP package was
used; this selects, in a stepwise fashion, predictor
variables based on the maximum likelihood ratio.
This provides a measure of significance and has an
asymptotic X2 distribution. Thus variables were in-
cluded in the model if their inclusion substantially
improved the log likelihood (p < 0 10) or if their
removal led to a substantial decrease (p < 0-15).
Forward selection and backward elimination of the
variables yielded the same models. Two models
were developed; the first was based on the 12 lead
electrocardiogram variables alone, and the other on
the clinical variables alone.
The regression coefficients of each model have a

direct epidemiological implication: each coefficient
represents the log odds of dying when other vari-
ables in the model are controlled. Its antilogarithm
is the relative risk of the event considered. As an
example, if the regression coefficient for previous
myocardial infarction is 1, its antilogarithm (e') is
2-7. This means that the risk of dying within one
year for patients with a previous infarction is 2-7
times as high as it is for patients who had no pre-
vious myocardial infarction. The coefficients are
related to the relative odds. They are a good approx-
imation for the relative risk because mortality is rare
(45 out of 474 died, 9-5%).

Results

PREDICTION OF MORTALITY BY UNIVARIATE

ANALYSIS
Table 3 gives the results of univariate analysis of the
percentage mortality. Of the 12 lead electro-
cardiographic variables, QRS score and ST depres-

sion gave statistically significant risk ratios, while
QTc and P terminal force in Vl were less predictive.
Of the clinical variables, previous myocardial in-
farction, preinfarction angina, Killip class III or IV,
late paroxysmal atrial tachycardia or fibrillation, late
heart failure, heart rate > 75 beats/minute, cardio-
thoracic ratio > 50%, and pulmonary congestion
on x ray were all associated with significant risk
ratios. Of the drugs being taken at discharge, three
reached significance-digitalis, diuretics, and anti-
arrhythmics.

PREDICTION OF MORTALITY BY
MULTIVARIATE ANALYSIS
Table 4 (upper part) shows the results of stepwise
logistic regression of one year mortality on variables
in the 12 lead electrocardiogram. QRS score >5,
presence of ST depression, and QTc > 440 ms were
found to be of predictive value. In particular, the
presence of a QRS score > 5 or of QTc > 440 ms
was associated with a 1 8 fold increase in the pa-
tient's risk of dying within one year, and the pres-
ence of ST depression multiplied the risk by 2-2.
Table 4 (lower part) summarises the logistic re-

gression results for the clinical variables. The pres-
ence of previous myocardial infarction, late heart
failure, indication for digitalis at discharge or a
cardiothoracic ratio >50%, and an indication for
antiarrhythmic drugs were all independently of pre-
dictive value. As there are three variables related to
pump failure: clinical signs of late heart failure, use
of digitalis, and cardiothoracic ratio > 50%, the con-
struction of the model cannot be straightforward.
The regression model assumes multiplicativity of
the different factors. That is, if two factors are
present, each with a relative risk of 3, then the com-
bined relative risk will be 3 x 3 = 9. As the three
variables above to a large extent measure the same
phenomenon, the assumption of multiplicity must
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Table 4 Variables eventually retained in the logistic function of the risk of dying within one year

No* Coefficient SE Relative risk Log likelihood

12 lead ECG:
QRS score > 5 190 0-6 0 3 1.81
ST segment depression 60 0 8 0 4 2 -1422QTc > 440ms 145 06 0 3 18-
Constant 474 -2-9 03-3

Clinical variables:
PreviousAMI 143 1.1 0-3 3-0
Late heart failure 63 1 1 0 4 3 0
Digitalis or CTR > 500o 148 1 4 0 4 4.1 -122 7
Antiarrhythmics 15 1-4 0-6 4-1
Constant 474 -3-7 0-3 - J

*Number of patients in whom the property considered was present.
AMI, acute myocardial infarction; CTR, cardiothoracic ratio.

be questioned. We investigated this by using inter-
action terms in our model. We concluded that digi-
talis and a cardiothoracic ratio >50% can be
combined. As a consequence, the relative risk of a
patient with a cardiothoracic ratio of >50% who
also uses digitalis remains 4- 1. If clinical signs of late
heart failure are present, however, the relative risk
increases to 12 1. This is also the case if the late heart
failure is present with either a cardiothoracic ratio of
> 50% or digitalis treatment.
The addition of the variables of the 12 lead elec-

trocardiogram to the model already containing the
other clinical variables gave only a marginally better
fit for the data; the improvement of the log like-
lihood was 0 32 (X2 = 0-64, p > 0 60). From this we
concluded that the variables of the 12 lead electro-
cardiogram do not make an independent con-
tribution to the prediction of one year mortality that
is additional to that of the other clinical variables
alone. Nevertheless, if clinical data are not available,
the 12 lead electrocardiogram can, to a certain ex-
tent, replace them. The mean predicted probability
of dying for patients who actually died is 0-12 based
on the electrocardiographic model and 0-23 based on
the clinical model. This demonstrates the greater
ability of the clinical variables to identify patients
who will die prematurely. The mean predicted
probability of surviving for patients who actually
survived is 0 91 based on the electrocardiographic
models and 0-92 based on the clinical model, demon-
strating that survival can equally well be predicted
by the electrocardiographic or clinical variables.

Discussion

There is a considerable overlap between information
derived from non-invasive and invasive tests when
assessing the prognosis of patients after myocardial
infarction. The most efficient strategy, with the

highest ratio of information to cost and risk, in an
individual patient is not obvious.
We have compared the prognostic value of tests

that are not always performed at discharge, such as
exercise testing, radionuclide ventriculography, and
the 24-hour ambulatory electrocardiogram with that
of other clinical variables.'

In this study we assessed the prognostic value of
the predischarge 12 lead electrocardiogram, which is
routine and not expensive, to establish whether it
provides information that is additional to the known
clinical information and tests.
We believe that our study is the first in which a

consecutive series of patients admitted to one coro-
nary care unit was sufficiently large to allow a multi-
variate analysis based on predischarge clinical and
electrocardiographic variables; in which patients at
relatively low risk were studied (those with conduc-
tion defects, ventricular hypertrophy and atrial
fibrillation were excluded); and which included,
among other electrocardiographic variables,
Selvester's QRS score8 which in the past few years
has been increasingly used to assess the extent of
myocardial damage and the prognosis. In other
studies, however, its prognostic value was not com-
pared by multivariate analysis with that of other
electrocardiographic or clinical variables. A large
study by the Coronary Drug Project Research
Group also determined the relative prognostic value
of clinical and electrocardiographic variables in pa-
tients after infarction.2 The conclusion of that study
of 2035 patients followed for three years was that ST
depression > 1 mm of the "ischaemic" type was the
most important independent risk predictor of all the
clinical and electrocardiographic findings studied,
including Q waves, ventricular conduction defects,
atrial fibrillation, and extrasystoles.
We confirmed that many electrocardiographic

variables are predictive of survival (tables 3 and 4).
The highest risk ratios for mortality (2-2) were ob-

310

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.57.4.306 on 1 A
pril 1987. D

ow
nloaded from

 

http://heart.bmj.com/


12 lead electrocardiogram after myocardial infarction

tained for ST segment depression. These figures ac-
cord with those reported in the Coronary Drug
Project Research study.2 We, however, did not
confirm the predictive value of extrasystoles and of
ST elevation. This difference may be attributable to
the different populations in the two studies. Patients
entered the Coronary Drug Project Research study
later (at least three months after the most recent in-
farction) and patients with ventricular conduction
defects and atrial fibrillation were included. Patients
were followed for longer, up to three years, in the
Coronary Drug Project Research study. We studied
a consecutive series of patients evaluated at hospital
discharge who did not have conduction abnormal-
ities or atrial fibrillation; follow up lasted for a year.
For hospital survivors of myocardial infarction the
mortality is highest in the first three to six months.'
Unlike the present study early deaths were excluded
from the Coronary Drug Project Research study.

In table 2 some predischarge variables of the 474
patients in the study group are compared with those
of patients excluded from the study because of ven-
tricular conduction defects, hypertrophy, or atrial
fibrillation. These data clearly indicate that patients
with normal QRS pattern had much less extensive
myocardial damage. This is consistent with their
lower mortality during follow up. The electro-
cardiogram is therefore helpful in distinguishing
patients without signs of conduction disturbances,
ventricular hypertrophy, or atrial fibrillation-a rel-
atively low risk group-from those in whom at least
one of the above conditions is present and in whom
the risk of premature death is much higher.
The QRS score and, to a lesser extent, P terminal

force in V1 and QTc were also predictive of mor-
tality (table 3). QRS score is directly related to the
extent of myocardial damage8 and it has been shown
to correlate fairly well with left ventricular ejection
fraction. In the present series the coefficient of cor-
relation between radionuclide ejection fraction and
QRS score was -0-53 (SEE 11%) in 417 patients.
The coefficient was similar (r = -0 57, SEE 11 %)
when the analysis was limited to 296 patients with a
first myocardial infarction.

Others have shown that the P terminal force mea-
sured from precordial lead Vi correlates with left
atrial overload.9 Siltanen et al reported that the P
terminal force was the strongest independent pre-
dictor of mortality derived from predischarge elec-
trocardiogram in 457 post-infarction patients.7 ST
segment abnormalities were the second. These
workers, however, did not measure the Selvester
QRS score. Their population was also different and
they did not exclude patients with ventricular con-
duction abnormalities or ventricular hypertrophy.
In our study these patients had a greater P terminal
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force in V1. This indicates more severe left ventricu-
lar dysfunction (table 2); and there was a corre-
sponding increase in clinical signs of heart failure
and a lower ejection fraction in these patients
(table 2).

Mortality was higher in patients with prolonged
QTc: in a seven year follow up of 55 patients with a
recent infarction Schwartz and Wolf found that a
prolonged QTc (>440ms) measured during serial
electrocardiographic measurements increased the
risk of sudden death by a factor of 2-1.4 More re-
cently, Ahnve et al confirmed that a prolonged QTc
is predictive of premature death in patients after in-
farction.5 When they used a cut-off of 440ms they
found that QTc gave a sensitivity of 77% and a
specificity of 84%. They limited the study to
patients not on medical treatment, which might
influence the QTc interval.

In contrast with QRS score and P terminal force
in VI, which are related to pathophysiological phe-
nomena such as the extent of myocardial damage
and left atrium overload, the findings for ST depres-
sion and QTc interval are difficult to interpret. Both
were predictive of mortality in our study, in which
the clinically prescribed medication was not discon-
tinued. Medication is known to be one of the many
factors that affects both variables.5

In multivariate analysis ST segment depression,
QTc, and QRS score were the independent predic-
tors of mortality (table 4). Of the clinical features the
most useful independent prognostic variables were
persistent heart failure, a history of previous myo-
cardial infarction, cardiomegaly on the chest x ray,
and the use of digitalis and antiarrhythmics at dis-
charge. These variables all relate directly or indi-
rectly to poor ventricular function. Several clinical
and electrocardiographic variables provided useful
prognostic information. When multivariate analysis
was applied to the combination of clinical and elec-
trocardiographic variables, however, the inclusion of
electrocardiographic variables did not improve the
prognostic information derived from the clinical
data.
We conclude that the predischarge electro-

cardiogram can provide important prognostic infor-
mation about post-infarction patients without
intraventricular conduction abnormalities, ventricu-
lar hypertrophy, or atrial fibrillation, in whom
clinically prescribed medication has not been
discontinued, and that persistent ST segment de-
pression, the Selvester QRS score,8 and QTc are
independent predictors of survival. These electro-
cardiographic variables alone are not sufficiently
powerful to improve risk assessment when added to
other clinical information routinely collected in
hospital.
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