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Short and long term predictive value of admission
wall motion score in acute myocardial infarction
A cross sectional echocardiographic study of 345
patients
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SUMMARY A score of left ventricular segmental wall motion was used as a convenient rapid way
to assess overall left ventricular function in acute myocardial infarction. Its success in risk
stratification at admission was assessed by a blind review of cross sectional echocardiographic tape
recordings from multiple acoustic windows. Sixty nine (20%) of the 345 patients died during
hospital stay or within a one year follow up. The mean (SD) wall motion score in those who died
was significantly higher than in those who survived (16-2 (5-9) vs 5*7 (3-9)). There were no
differences between the group that died in hospital within three months of discharge and the
group that died between three months and one year after discharge. Among the 31 patients who
died in hospital, however, wall motion score was highest in 15 patients dying of cardiogenic shock
(19 2 (4 2)). In 16 patients with lethal ruptures it was 13 5 (6- 1). The nine patients with free wall
ruptures had higher wall motion scores than those with ventricular septal rupture or papillary
muscle rupture (15 7 (6 9) vs 8-5 (5 3)). Eight (3 3%) of 245 patients with a score <10 died,
compared with 61 (61%) of 100 scoring > 10. The sensitivity of a score of > 10 in predicting death
within one year was 88%, the specificity was 86%, the positive predictive value was 61 %,. and the
negative predictive value was 97%.

Cross sectional echocardiography is capable of
detecting1 2 and quantifying'-' acute myocardial
infarction. It can be performed at the bedside with
considerable success and at low cost and it provides
a rapid impression of global left ventricular func-
tion. There have been studies in which left ventricu-
lar function was assessed by a segment score7-9 or
by calculation of ejection fraction,9 10 and in which
the results obtained were correlated with signs of
pump failure and mortality. Calculation of ejection
fraction has the attraction of being quantitative but
it requires time and equipment and in most cases
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cannot be done at the bedside. A segment score
requires no computer facilities and may be done at
the bedside. It gives semiquantitative and
reproducible5 6 results that correlate well with
infarct size as determined by pathology,3 scin-
tigraphy,4 or peak concentrations of creatine kinase
MB.56

Because infarct size is an important prognostic
indicator we undertook the present investigation to
assess the prognostic value of infarct size assessed
shortly after admission by a cross sectional echo-
cardiographic wall motion score in a large represen-
tative group of patients with acute myocardial
infarction. The primary end point was death during
hospital stay and throughout a one year follow up.

Patients and methods

PATIENTS
From June 1981 to June 1983, 1365 patients were
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Wall motion score and outcome

admitted to the coronary care unit of the academic
hospital of the University of Amsterdam. Of these,
517 had acute myocardial infarction as defined
below. All patients with infarction qualified for
inclusion in the study; we studied 370 who had cross
sectional echocardiography within 12 hours of
admission. No specific age limits were set nor was a
previous infarct a reason for exclusion. In 345
images of sufficienit quality for complete segmental
analysis were obtained (success rate 93%). The
study was prospective.

CROSS SECTIONAL ECHOCARDIOGRAPHY
A Smith-Kline EkoSector 1OA was used during the
first half of the study period and an ATL Mark 300
during the second half. Both are mechanical sector
scanners with pulse frequencies of 2X25 and 3 0
MHz respectively. We used a standard approach in
which multiple acoustic windows and both short and
long axis cross sectional views were obtained with
the patient in the left lateral decubitus position.
For purposes of analysis we used three apical long

axis views (fig), recorded at mutual angles of 600
with the aid of a calibrated fluid filled ring contain-
ing an air bubble that was fixed around the body of
the transducer."1 These three views were the apical
long axis or three chamber view, the four chamber
view, and the two chamber view. In each of these
views the left ventricular contour was divided into
five segments. The apical area was regarded as one
segment common to all three views, so that a total of
13 segments was obtained. Where one or more seg-
ments could not be visualised from the apex we used
parasternal long and short axis views (or in some
cases subcostal views). Each segment was assigned a
numerical value according to the degree of systolic
wall motion abnormality that it showed: 0 for nor-
mokinesis, + 1 for hypokinesis, + 2 for akinesis, and
+ 3 for dyskinesis. Hyperkinesis (defined as exag-
gerated wall motion and myocardial thickening8)
was graded -1. Left ventricular aneurysm (defined
as a bulge in the left ventricular contour that persis-
ted in both diastole and systole and showed akinesis
or dyskinesis) was graded + 4.

DIAGNOSTIC CRITERIA
The diagnosis of acute myocardial infarction was
based on a typical history with evolving electro-
cardiographic changes or a diagnostic rise and fall in
the activities of cardiac isoenzyme (MB) of creatine
kinase or both. A value ofmore than twice the upper
limit of normal (4 U/1) was considered to be abnor-
mal. Infarct size was estimated from the peak value
of creatine kinase, which for this purpose was sam-
pled every four hours until a peak and a fall were
seen.
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Figure Diagram of the three apical long axis views (lower
panel) usedfor calculation of the left ventricular wall motion
score. In each of the three views the left ventricular
myocardium was divided into five segments; the apex was
considered to be common to all three apical views. If the
apical views were not adequate for analysis, the same
segments could be evaluatedfrom short axis cross sections
(upper panel). The three chamber view was a long axis view
or right anterior oblique equivalent. Ao, aorta; LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle.

Infarct localisation was determined electro-
cardiographically by the criteria of the New York
Heart Association.12 All septal, anterior, and lateral
infarcts were grouped as anterior, and all inferior
and posterior infarcts as posterior. Patients with
pre-existing electrocardiographic abnormalities
(such as pacemaker rhythm, left bundle branch
block, or Wolff-Parkinson-White syndrome) were
designated as non-localisable infarcts.

FOLLOW UP AND STATISTICAL ANALYSIS
Follow up data such as time and mode of death were
obtained in all cases from the patients' cardiologist
either by inspection of records or by telephone (if
the patient was seen in another hospital for follow
up). If the patient was not under the care of a cardi-
ologist his family physician was contacted. Vital sta-
tus was known for each patient at one year.
For between group comparisons Student's t test

and-X2 analysis were used where appropriate. Mor-
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tality results were analysed separately for the in-
hospital period and for one year after hospital dis-
charge. The year after discharge was subdivided into
periods from discharge to three months and from
three months to one year because most of the deaths
in the first year occur during the early months after
infarction.'3

Results

STUDY GROUP AND MORTALITY
We studied 345 patients (265 men and 80 women,
mean (1 SD) age 62 (12) years, range 32-86 years)).
Of these, 69 (20%) patients died during the one year
follow up period (31 died in hospital, 16 died within
3 months of discharge, and 22 between three months
to 1 year of discharge). Of the 31 patients dying in
hospital, 15 died of cardiogenic shock and 16 of car-
diac rupture (free wall rupture in nine, ventricular
septal rupture in five, and papillary muscle rupture
in two). Free wall rupture was diagnosed by post-
mortem examination in six patients and by the typi-
cal clinical picture of sudden electromechanical dis-
sociation in the remaining three. Ventricular septal
rupture or papillary muscle rupture was recognised
by the development of sudden haemodynamic dete-
rioration in conjunction with the appearance of a
new murmur and was confirmed by cardiac cath-
eterisation in all patients. During the two year
period of the study, another six patients were suc-
cessfully operated upon for papillary muscle rupture
(one patient) or ventricular septal rupture (five
patients). The mortality rate for all patients with
ventricular septal rupture or papillary muscle rup-
ture was 54% (7/13).

Sixteen patients died within three months of dis-
charge from hospital. In four the mode of death was
fatal reinfarction, four patients died suddenly, one
died from late ventricular arrhythmias, two from
pump failure (postoperative in one), and one had a
fatal cerebrovascular accident. In four the cause of
death was not certain, but seems most likely to have
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been sudden because it occurred outside hospital.
Necropsies were not performed in these cases, how-
ever, so we do not know whether these deaths were
caused by late arrhythmias without reinfarction or
by lethal reinfarctions with primary ventricular
fibrillation or pump failure.
Of the 22 patients dying three months to one year

after discharge, seven sustained lethal reinfarctions,
two died suddenly, one died from ventricular
arrhythmias, and four from pump failure (post-
operative in two); in eight the mode of death was
unknown, again these were most likely to be sudden
deaths.
Table 1 gives the mean ages, infarct site, and

infarct size (peak creatine kinase MB) for survivors
and non-survivors. Patients who died were older
than surviving patients (65 (10) vs 60 (12) years, p <
0 001), had higher peak creatine kinase MB values
(197 (105) vs 117 (76), p < 0-01), and more anterior
infarcts (72% versus 47%; p < 0-005; X2 16 7; 2
degrees of freedom).

WALL MOTION SCORE AND MORTALITY
Table 2 shows the results of wall motion score in
survivors and non-survivors. Non-survivors had a
much higher wall motion score than survivors (16 2
(5 9) vs 5-7 (3 9); p < 0 001). Among those who died
there were no group differences in wall motion score
between the in-hospital deaths, those dying within
three months, and those who died between three
months and one year. Table 3, however, shows that
among the 31 patients dying in hospital the highest
wall motion scores were seen in those dying of
primary cardiogenic shock (19-2 (4 2)). Their wall
motion score was significantly higher (p < 0 05)
than that of the patients dying of ruptures (13 5
(6.1).
Within the subgroup of patients with ruptures

those with free wall ruptures had higher wall motion
scores than those with papillary muscle rupture and
ventricular septal rupture (15 7 (6 9) vs 8 5 (5 3),
p < 0 05).

Table 1 Mortality in relation to infarct site and size

Infarct site

A P A + P nl Peak CK-MB
No Age (yr) No % No % No % No % (U/i)

Survivors 276 60 (12)* 130 47** 102 40** 23 8 21 8 117 (76)*
Non-survivors 69 65 (10)* 50 72** 9 13** 6 9 4 6 197 (108)*
In-hospital deaths 31 66 (11) 22 71 5 16 4 13 0 185 (101)
Died < 3 months from

discharge 16 65 (12) 12 75 1 6 1 6 2 12 235 (119)
Died between three months
and one year 22 65 (10) 16 73 3 14 1 4 2 9 196 (105)

A, anterior; P, posterior; A + P, anterior + posterior; nl, non-localisable; CK-MB, creatine kinase MB isoenzyme, * p < 0-001;
**p < 0 005 (X2 = 16-7; 2 degrees of freedom): comparison between survivors and non-survivors.
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Table 2 Mortality in relation to wall motion score

Wall motion score

No Mean (SD) Range

Survivors 276 5-7 (3.9)* -3 to +21
Non-survivors 69 162 (5-9)* -2 to +26

In-hospital deaths 31 16 2 (6 0) -2 to +26
Died < 3 months from

discharge 16 164(54) +2to +26
Died between 3 months
and 1 year 22 16-4(4-0) +4to +24

*p < 0-001 for this comparison.

Table 3 Wall motion score in patients dying in hospital, in
relation to cause of death

Wall motion score

Cause No Mean (I SD) Range

CS 15 19-2(4 2) +12to +26
All ruptures 16 13-5 (6 1) -2to +24
FWR 9 157(69) +lto+24
PMR or VSR 7 8 5 (5 3) -2to + 15

CS, cardiogenic shock; FWR, free wall rupture; PMR, papillary
muscle rupture; VSR, ventricular septal rupture.
CS vs all ruptures, p < 0-05; FWR vs PMR or VSR, p < 0 05.

Table 4 shows deaths in patients with high ( > 10)
or low (< 10) wall motion scores. This cut off value
of 10 was chosen empirically to give the sharpest
separation with the best sensitivity and specificity
trade-off. Of the 69 deaths, 61 occurred in the group
with high wall motion scores and eight in the group
with low wall motion scores (mortality rates were
61% and 3-3% respectively). Table 5 shows the sen-
sitivity and specificity of a high () 10) wall motion
score for recognition of patients dying within the

Table 4 Hospital mortality and late mortality in patients
with wall motion score (WMS) < 10 versus > 10

Total
3 months-

WMS No In hospital < 3 months I year No %

<10 245 4 3 1 8 3-3
10 100 27 13 21 61 61

WMS < 10 vsWMS > 10, p < 0 001.

Table 5 Sensitivity and specificity of a wall motion score
(WMS) ) 10 in prediction of all mortality

WMS Deaths Survivors Total

10 61 39 100
<10 8 237 245

69 276 345

Sensitivity 61/69, 880o; positive predictive value 61/100, 61%;
specificity 237/276, 86%; negative predictive value: 237/245, 97%;
total predictive accuracy: 298/345, 86%.

425
one year study period. Sensitivity is 88% and
specificity 86%. The predictive value of a positive
test (high score) for death is 610% and that of a nega-
tive test (low score) for survival is 97%.

Discussion

PREVIOUS CROSS SECTIONAL
ECHOCARDIOGRAPHIC STUDIES IN ACUTE
INFARCTION
Heger et al were among the first to report on the
detection and localisation of acute myocardial
infarction by cross sectional echocardiography.'
They found good agreement between the site of
infarction determined by echocardiography and that
determined by electrocardiography. Horowitz et al
showed that cross sectional echocardiography can
diagnose infarction before the results of other tests
are known.

Quantification of the amount of left ventricular
myocardium affected by the infarct is another
important issue. There is little information on the
correlation between echocardiographic infarct size
and infarct size at necropsy.3 Echocardiography
overestimated the infarct size at necropsy but in gen-
eral the correlation was good and other studies have
shown equally good correlations between infarct
sizes assessed by echocardiography and scintigraphy
(both thallium-201 and technetium-99m pyro-
phosphate)4 and those assessed by echocardiography
and peak creatine kinase.' 6
The ejection fraction is a convenient way of

expressing global left ventricular function, and the
ejection fraction measured by radionuclide angio-
graphy has been shown to be useful for recognition
of high risk subgroups.'4 '5 Notably, an ejection
fraction of <30% 14 or <35% '5 has been shown to
carry with it the risk of pump failure and death. Our
group also found that the extent of left ventricular
dysfunction-expressed again as an ejection
fraction-can be assessed shortly after admission by
cross sectional echocardiography, and this method
had a comparable predictive value.'0
The exhaustive study by Van Reet et al found that

cross sectional echocardiography and radionuclide
angiography were of equal value in this respect.9
Measurement of ejection fraction from cross sec-
tional echocardiograms, however, is time consuming
and requires computer facilities. Moreover, in some
cases the need to use still frames from tape record-
ings results in suboptimal endocardial definition
which makes volume calculations impossible. In
contrast a segmental wall motion score provides a
good impression of overall ventricular function
without the necessity to make any geometric
assumptions. It requires little time (because record-
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426 Kan, Visser, Koolen, Dunning
ings can be reviewed at normal speed) and has a
higher success rate than would be obtained if an
ejection fraction were to be calculated. In the
present study success rate was 93% compared with
the 80% rate in our ejection fraction study.'0

Because we had already found that the area of
asynergy changes little in the days after the acute
infarct5 we analysed the tape recordings of all
patients in whom echocardiography had been per-
formed within the early hours of admission. Others
have reported that echocardiographic data obtained
in the earliest stages of infarction have important
prognostic implications.8 1016 Some of these stud-
ies, the largest being that of Van Reet et al, focused
on in-hospital death.9 They and Nishimura et al
used a wall motion score obtained before discharge
to predict mortality after discharge for up to one
year.'7 In contrast our study was based on a single
wall motion score obtained shortly after admission
and we considered total mortality-that is in hospi-
tal and for up to one year after discharge.

PRESENT FINDINGS
We found that total mortality in the first year after
infarction was much higher in patients with a high
wall motion score than that in patients with a low
wall motion score (a cut off value of < 10 or > 10
gave the best results in terms of separation of the two
groups). This difference in mortality rates was seen
both during the in-hospital phase and after dis-
charge. Thus patients may be identified as being at
high risk of death (with a sensitivity of 88%, a
specificity of 86%, and a total predictive accuracy of
86%) but one cannot predict whether death will
occur in or out of hospital. The distribution of post-
discharge mortality into an early period (up to three
months) and a later one (three months to one year)
showed the typical pattern, with about half of these
deaths occurring during the first three months.17
Mean wall motion score in these subgroups was
essentially the same. Patients dying in hospital from
primary pump failure (that is cardiogenic shock) had
higher wall motion score than those dying of rup-
tures, especially ventricular septal or papillary mus-
cle rupture. Patients with ruptures often have histo-
logically small infarcts. 8 Patients with free wall
rupture had infarcts that were intermediate in extent
between septal or papillary muscle ruptures and
pump failure deaths.

LIMITATIONS OF THE PRESENT STUDY
Our method is a semiquantitative one; quantitative
analysis systems are available. Loh et al showed that
a wall motion score very similar to the one used here
was better than quantitative segmental analysis in
the recognition of patients with acute non-

transmural myocardial infarction. 9 They also
showed excellent interobserver agreement (there
was a difference of only two points in two out of 300
segments). In the present study we did not do a for-
mal analysis of interobserver variability because our
laboratory in the recent past has demonstrated a
consistent interobserver agreement in the assess-
ment of wall motion in coronary artery dis-
ease.5 6 10 20 An additional argument in favour of the
semiquantitative approach is its higher success rate.
Since most echocardiograms were obtained immedi-
ately after admission and before any interventions
we did not take into account the possible con-
founding effects of medication. In our experience
and that of others the extent of wall motion abnor-
malities shows little or no change over the first day
(up to 10 days).5 9 More recently, Wilkins et al using
quantitative analysis also found no significant
change up to 12 weeks.20
The sensitivity, specificity, and predictive value of

any test depends on the mortality rate. For the rea-
sons discussed above we think that our study popu-
lation is typical of an infarct population admitted to
a modern coronary care unit, and the mortality
figures (31 or 9% in hospital and 38 or 110% after
discharge) seem to confirm this.

In conclusion we have rapidly and non-invasively
determined the extent of the acute insult shortly
after admission in a large group of patients with
acute myocardial infarction. There was a fairly sharp
distinction between patients with a low and high
likelihood of death in the year after the infarct. This
provides us with a convenient method of risk
stratification at the bedside, which may be of help in
patie.nt management.
We thank Harry de Koning and Marga van Corler-
Wiltenburg for technical assistance.
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