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Limitations of a QRS scoring system to assess left
ventricular function and prognosis at hospital discharge
after myocardial infarction
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SUMMARY The value of a QRS scoring system derived from 12 lead electrocardiograms to estimate
left ventricular ejection fraction was assessed in a prospective study of 285 hospital survivors of
myocardial infarction. In these patients both the QRS score and ejection fraction were measured by
radionuclide ventriculography at discharge. The correlation between ejection fraction and QRS
score was weak. In 22 patients who died during six to 12 months follow up the ability of the ejection
fraction and QRS score to predict mortality was assessed in terms of sensitivity, specificity, predic-
tive value of a positive and negative test, and efficiency. For ejection fraction <40% and a QRS score
>6 sensitivity was respectively 73% and 64%, specificity 73% and 56%, predictive value of a positive
test 18% and 11%, predictive value of a negative test 97% and 95%, and efficiency 73% and 56%.

Both ejection fraction and QRS score may be used to identify patients at low and high risk during
one year follow up, but, contrary to initial expectations, the QRS score appears to be of little value in
estimating ejection fraction and is less accurate than ejection fraction in predicting late survival in
hospital survivors of myocardial infarction.

The 12 lead electrocardiogram is widely used to diag-
nose and follow up patients after myocardial infarc-
tion. It is inexpensive and non-invasive and therefore
easily repeatable. Since the direct measurement of left
ventricular function has been shown to be a major
determinant of prognosis in such patients,' the recent
introduction by Wagner et al, Ideker et al,3 and
Roark et al4 of a weighted QRS score which showed a
good correlation with infarct size and left ventricular
ejection fraction5 6 has attracted considerable
interest.7-9 Furthermore, the QRS score was shown
to be useful for predicting hospital as well as late mor-
tality afer myocardial infarction.6-'0 These optimistic
expectations from the original studies have been tem-
pered by some subsequent reports7-9 which found a
weak correlation between Wagner's QRS score and
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left ventricular ejection fraction. Young et a19 found
an even weaker correlation between ejection fraction
and other electrocardiographic scores such as
described by Askenazi et al,"I Gottwik et al,'2 and
Rautaharju et al.'3 In the light of this controversy, the
value of the QRS score described by Wagner et al2
was prospectively reassessed for determining left ven-
tricular ejection fraction and predicting late survival
in 285 hospital survivors of myocardial infarction.

Patients and methods

Two hundred and eighty seven hospital survivors of
acute myocardial infarction who were admitted to a
coronary care unit between 1 March 1981 and 31
January 1983 formed the data base for this study.
During this period there were 422 potential candi-
dates (hospital survivors of acute myocardial infarc-
tion); 57 were excluded because the electrocardiog-
raphic score could not be computed (nine had com-
plete left bundle branch block, 20 complete right
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Table 1 Explanation ofQRS scoring systeM2
ECG Qwave R wave Amphiude Points Maximwn
kad duration duration ratios

(ma) (ins)

II { a30 - R:Qv1 1 2

aVL {3 R:Qel 1
R:QI ~~~1 2

>--50 -3

aVF S -30 - - 1
t- - R:Q 1 2
- - 1R:Q2 5

rAny - 1
vlI.- a50 - 2

I-~~~~~~~-40-1
R:Q21 1 4

Any or <20 - 1

V2 >660 - 2
50 I*-

V3{ ¢20 - ~~~~~~~ ~ ~~~~~~~R:S>-1-5 14Any or o30-I1 1
V3 _20 - R:Q or R:S5 1

R:Q or R:SG1 2
V4 _ - R:Q or R:Ss1l5 1 3

r-30 - 1
V6 - - R:Q or R:S-1 2

- - R:Q or R:S<3 1 3
--30 1

V6 - R:Q or R:S--1 2
~~~R:Q or R:S--3 1 3

bundle branch block, 21 left superior fascicular block,
five left inferior fascicular block, two pre-excitation,
and two ventricular hypertrophy) and 78 were
excluded because the ejection fraction measurement
was unavailable. Myocardial infarction was diagnosed
on the basis of at least two of the following conditions:
typical history, classic electrocardiographic signs, and
a diagnostic increase in serum enzyme activity.

For this group of 285 patients, the mean age was 57
(range 22-82) years, 82% were male, and 27% had a
previous myocardial infarction. On admission 37%
had an acute anterior myocardial infarction, 38% an
inferior-posterior myocardial infarction, and 25%
non-Q wave myocardial infarction; 74% were in Killip
clinical class I. The median hospital stay was 13
(range 7-58) days.
To determine the QRS score, standard 12 lead elec-

trocardiograms were obtained on a three channel
Hewlett Packard 1513 A automatic cardiograph
recorder at a paper speed of 25 mm/s on the day of
hospital discharge or one day before. Conventional
speed and sensitivity were used, because they are
advocated for current clinical use. The QRS scoring
system as described by Wagner et a12 was applied
(Table 1). The calculations were validated by the
independent measurement of the score from a random
sample of 39 electrocardiograms by the original
author of the score, who was blinded to our measure-
ments; the independent measurements showed no

significant difference from the study readings (study
score mean (SD) 4-8 (3.8) vs independent score
5.4 (3.9)). The correlation coefficient was 0 94 (SEE
1-3) with no apparent bias introduced.
Radionuclide ventriculography was performed at

discharge in the 450 left anterior oblique view after in
vivo labelling of the red blood cells with 555 MBq
(15 mCi) of technetium-99 m. Acquistion was per-
formed during a six minute period with a Searly Pho-
gamma V camera (Siemens cardiac camera) equipped
with a low energy all purpose-collimator.
The data were processed by a computer program

with automated contour detection and correction for
background activity. Left ventricular ejection fraction
was computed from the end systolic and end diastolic
images, as previously described. 14

After hospital discharge all patients were followed
at regular intervals. The median follow up was
10 (range 6-14) months. Mortality was the endpoint
of interest in this study.

STATISTICAL ANALYSIS
Univariate analysis with Student's t test, x2 test,
Fisher's exact- test, or linear regression analysis were
applied when appropriate. The most advantageous
cutoff values to predict mortality were selected from
visual inspection of the receiver-operator characteris-
tic curves (ROC).'5 In these curves the specificity and
sensitivity of the test are plotted, where sensitivity is

f'DS score after myocardial infarction 249
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the fraction of correct classification of patients who
satisfy the "endpoint" criteria, and specificity the
fraction of correct classification of all patients who
satisfy the "non-endpoint" criteria. These curves,
when generated for different tests, provide a direct
comparison of the various test results over the entire
range of measurements. After selection of the most
advantageous cutoff point for ejection fraction and the
QRS score their relative accuracy to predict death was
also determined in terms of predictive value of a posi-
tive test (true positives/all positive tests), predictive
value of a negative test (true negative/all negative
tests), and efficiency (true positives + true negatives/
total population).

Results
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Fig. 2 Correlation between radionuclide ejection fraction and
QRS score in patients with (a) frst anterior infarction and (b)
fist inferior infarction.

Radionuclide ventriculograms and the QRS score
were available in 285 patients. The correlation
coefficient between the ejection fraction and QRS
score in the entire group was -060 (SEE (standard
error of the estimates) 11%) (Fig. 1). When patients
with first infarction (n=202) are considered separately
from those with previous infarction (n=83) the corre-
lation was slightly stronger in the former group
(r= -0*61 vs r= -0.48), but the dispersion of the data
was just as large in the two groups (SEE 11%). The
correlation between the ejection fraction and QRS
score in patients with first anterior transmural infarc-
tion (r= -0.56) was similar to that in patients with
first inferior infarction (r= -0-43) (Fig. 2) because of
the equally large SEE (10%). Of 285 patients, there
were 263 late survivors. Their ejection fraction was

higher (48(14)% vs 35(16)%, p<0-001) and QRS score
lower (5.4(3.7) vs 7.0(4-1), p=005) than in the 22
non-survivors. The visual inspection of the receiver-
operator characteristic curves froui radionuclide ven-
triculography and QRS score (Fig. 3) indicate that the
ejection fraction had a superior predictive accuracy
than the QRS score for late mortality. The "best"
cutoff points-that is, the points with the highest sen-
sitivity and the highest specificity-were 40% for ejec-
tion fraction and six for the QRS score. Survival and
the other indices measuring the accuracy of the test to
predict mortality by ejection fraction, QRS score, and
the two tests combined are shown in Tables 2 and 3.
They all indicate the superior accuracy of ejection
fraction compared with the QRS score. The predic-
tive accuracy was not improved by combining the

.
* 0
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Fig. 3 Receiver-operator characteristic curves oi
fraction and QRS score for prediction of late mor
the entire range of measurements ejection fraction
sensitivity than QRS score at comparable spec*ic
late mortality. The "best" cutoffpoints-that is,
highest sensitivity for the highest speciicity-were
ejection fraction and 6 for QRS score.

ejection fraction and the QRS score,

compared with the ejection fraction aloi
the sensitivity while the other indices
accuracy were unchanged.

Discussion

Several electrocardiographic indices
reported to correlate with left vent]
tion.2 11-13 16 Nevertheless, in contra
expectations based on small series o
Young et al found in their review9 that tl
coefficient between ejection fraction an

according to Wagner et al2 was rather I
Because other authors also had similarl
ing results,79 they questioned the clini
of the QRS score for estimating ejectic

6500/
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Table 3 Indices ofaccuracy in predicting late mortality from
radionuclide ejection fraction (EF) and QRS (SC) score in
285 patients. Figures are percentages

EF<40% SC '6 EF<40% and
SC¢'6

Sensitivity 73 64 54
Specificity 73 56 78
Predictive value of a

positive test 18 11 17
Predictive value of a

negative test 97 95 95
Efficiency 73 56 76
High risk group 31 46 24

individual patients. We assessed the value of
Wagner's score to estimate radionucide left ventricu-

A1 lar ejection fraction in a larger population as part of a

'o100
continuing prospective study of patients after

80 100 myocardial infarction. Our results corroborate those

of Young et a19 and de Pace et al,7 who found a weak
f ejection correlation between ejection fraction and QRS score

rtality. During in such patients (Table 4).
had a higher Since it has been suggested that the QRS score is

tty to predthe more accurate for subgroups of patients' 9 we sepa-
th40% for rately examined patients with a first transmural

anterior and inferior infarction (Figs. 2 and 3). Since
these results are based on a much larger number of
patients than reported by previous authors, they

which, when confirm that the QRS score is unable accurately to

ne, decreased predict the ejection fraction in individual patients.
of predictive Since the electrocardiogram is a standard method

that is universally available and inexpensive it still
seemed worthwhile to assess its predictive value for
late mortality after hospital discharge even if we found
that the QRS score correlated rather weakly with ejec-

have been tion fraction. Hindman et a16 recently delineated high
ricular func- and low risk groups of patients after myocardial
lSt to initial infarction by the use of Wagner's QRS score. As
f patients,3 s expected, in our series patients who died had a higher
he correlation QRS score than survivors (7.0(4.1) vs 5-4(3-7),
Id QRS score p=0-05) and ejection fraction was lower (35(16)% vs

low (r=0-60). 48(14)%, p<00001), suggesting more extensive
Iy disappoint- myocardial damage. The accuracy of the QRS score to
cal usefulness predict mortality was, however, lower than that of the
)n fraction in ejection fraction (Fig. 3, Table 3). The most advan-

Table 2 Late survival in 285 patients in whom the QRS score (SC) and radionuclide ejection fraction (EF) was measured. Figures
are numbers ofpatients

QRS score Ejection fracton EF<400o and
SCe6

--6 <6 <40% ;40Y

Non-survivors 14 8 16 6 12
Survivors 116 147 72 191 57
Total 130 155 88 197 69
Mortality 11 5 18 3 17
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Table 4 Correlation of left ventricular ejection fraction and Wagner's QRS score

No ofpatients Correlation coe4ficient SEE (0/c) Regression equation
Present study 285 -0-60 12 EF=60-2-3xQRS score
Palmeri et ats 55 -0.88 6 EF=59-3-OxQRS score
Young et al9 172 -0.60 ? EF=59-2-3XQRS score
Seinoetal8 32 -0.72 ? EF=59-2.1XQRS score
de Pace et a17 41 -0.61 ? EF=59-2-OxQRS score
Roubin etal'° 181 -0.81 12 EF=66-3.3xQRS score

SEE, standard error of the estimate.

tageous cutoff points for the two individual tests were
40% for ejection fraction and 6 for the QRS score.

Identification of patients at high and low risk was
thus possible with both the QRS score and the ejec-
tion fraction. Although the predictive value of a posi-
tive test (ejection fraction <40% or QRS score -6)
was rather low for both tests, it was slightly better for
ejection fraction: 18% of patients with an ejection
fraction <40% died as did 11% with a QRS score -6.
Such a low predictive accuracy for late death is not
surprising because of the low incidence of mortality
(7% in the present series). This means that only a very
sensitive test is a good predictor of mortality, whereas
the prediction of survival should be easier. In fact low
risk patients could be identified by both methods with
high accuracy (Table 3) since 97% of patients with
ejection fraction >40Yo and 95% of those with a QRS
score <6 were late survivors. Nevertheless, the effi-
ciency of radionuclide ejection fraction remained
superior to that of the QRS score (73% vs 56%). The
combination of the worst outcome of the two tests
(ejection fraction <40% and QRS score :6) did not
provide a better prediction of mortality (Tables 2 and
3). In fact, even if the high risk group was slightly
smaller compared with that defined by ejection frac-
tion alone (24% vs 31%) the sensitivity was much
lower (54% vs 73%).

We thank A Beelan, T Baardman, H Wolf, and H J
ten Katen, who assisted in the establishment of the
data bank used in this study, K van Duyvendijk, who
performed most of the nuclear studies, and N B
Hindman, Duke University, Durham, USA, who
computed the QRS score of a random sample of our
patients.
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