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Correlation of ejection fraction and infarct size
estimated from the total CK released in patients with
acute myocardial infarction
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SUMMARY In order to investigate the relation between infarct size in acute myocardial infarction and left
ventricular ejection fraction early after recovery, total creatine kinase released was calculated by the
modified method of Sobel et al. (1972) from the serial determinations of serum CK activity; left ventri-
culography and selective coronary arteriography were performed at a mean of 2 months after the onset of
infarction in 34 patients with acute myocardial infarction. Of 34 patients, 32 (94%) had left ventricular
asynergy. In 21 patients with akinesis and/or dyskinesis, a significant correlation was found between the
extent ofthenon-contractingsegmentof theleft ventricle and left ventricular ejection fraction, indicating
that the extent of the non-contracting segment contributes largely to reduction of ejection fraction in
patients with myocardial infarction.
A close inverse correlationwas also observed between theinfarct size and ejection fraction after anterior

and after inferior infarction, though cardiac index was maintained over 2-0 1/min per m2 in all except 3
patients. The ejection fraction in patients with anterior myocardial infarction was lower than in those
patients with inferior myocardial infarction with comparable values of total CK released. This was

true even after exclusion of 6 patients with proximal right coronary artery lesions who might have
had right ventricular necrosis as well as left, indicating that left ventricular function after infarction
depends in part on the site of the infarct.

Since Harrison (1965) reported that left ventricular
asynergy was one of the major factors determining
cardiac function in ischaemic heart disease, the
unfavourable effects of asynergy on left ventricular
function have been studied extensively. Klein et al.
(1967) showed that left ventricular end-diastolic
volume is much increased when aneurysm com-
prises 20 to 25 per cent of the ventricular surface.
Feild et al. (1972) also reported a close relation
between the extent of akinesis and left ventricular
ejection fraction in patients who had had a previous
myocardial infarction. Rogers et al. (1977) reported
that infarct size estimated from total creatine
kinase (CK) released was related directly to the area
of the abnormally contracting segment and to ejec-
tion fraction, but the relation between the extent of
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myocardial ischaemia or necrosis causing asynergy
and left ventricular function required further
investigation.

In the present study, we attempted to estimate
infarct size by calculating the total CK released from
infarcted myocardium using the method of Sobel
et al. (1972) in patients with acute myocardial
infarction and to relate this to left ventricular ejec-
tion fraction, cardiac index, and left ventricular
end-diastolic pressure (LVEDP), measured after
healing of the infarct.

Subjects and methods

Thirty-four patients (29 men and 5 women), ad-
mitted to the Sakurabashi Watanabe Hospital with
acute myocardial infarction within 12 hours of the
onset of chest pain and surviving for more than 4
weeks, were included in this study. Their ages ranged
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from 35 to 71 years (mean 54-4 years). Eighteen
patients had anterior infarction and 16 inferior
infarction. Four patients gave a history of previous
myocardial infarction (anterior in 2 patients and
inferior in 2 patients). The clinical diagnosis was

established by a history of typical chest pain, new Q
waves on the electrocardiogram, and increased serum
levels of CK, aspartate aminotransferase, cx-

hydroxybutyric dehydrogenase, and lactic dehydro-
genase.

Patients with cardiogenic shock or severe arrhyth-
mia and those who were given beta-blockers or

digitalis, which affect myocardial contractility, were
excluded.

ESTIMATION OF TOTAL CK RELEASED
(ECK)
In all patients, peripheral venous blood for CK
determination was taken at 4-hourly intervals for
the first 24 hours and then at 6-hourly intervals
until CK activity returned to near-normal levels
(approximately 40 IU/ml). The serum was separated
within 2 hours of clotting and stored at 4°C. The
determinations were made within 15 hours of
sampling by the modified method of Nuttal-Wedin
(Nuttal and Wedin, 1966), with a normal range of
less than 40 IU/ml. As intramuscular injections
can cause release of CK, all injections were given
either intravenously or subcutaneously.
The appearance function ofCK released from the

injured heart muscle was calculated according to the
method of Sobel et al. (1972) modified by Norris
et al. (1975). The principle of this method is that the
instantaneous rate change in serum CK activity
(dE(t)/dt) reflects the rate of appearance of enzyme
released from the injured myocardium into the
circulation (f(t)) and also its disappearance from
the circulation in monoexponential fashion as

represented by the disappearance rate (K) multi-
plied by the instantaneous serum CK activity
(E(t)).

dE(t) = f(t) - K.E(t)

Thus, the appearance function is obtained as follows:

f(t) = dt + K E(t),
where E(t) represents the instantaneous serum CK
activity, after subtracting the individual basal serum
CK activity (average 15 IU/ml). The CK disappear-
ance rate (K) was estimated in each patient from the
terminal portion of the disappearance curve (E(t))
plotted semilogarithmically. Integration of the
appearance function (f'f(t)dt) theoretically should
give the total amount of CKreleasedperunitofblood

volume (,7CK): this has been shown by Shell et al.
(1971) to be closely correlated to infarct size.

CATHETERISATION AND ANGIOGRAPHIC
PROCEDURES
Right and left heart catheterisation and left ventri-
culography were performed 1 to 5 months (average
2-1 months) after the onset of infarction; patients
were premedicated with oral diazepam (10 mg),
subcutaneous atropine sulphate (0 5 mg), and intra-
muscular hydroxyzine (50 mg). After measurement
of cardiac output by the dye dilution method, a 30°
right anterior oblique left ventriculogram was
obtained after injection of 40 to 50 ml sodium diatri-
zoate, with exposure of 60 frames/s on 35 mm film.
The outline of the left ventricle at end-systole and

end-diastole was traced from individual cine
frames projected on to a film motion analyser. Only
normally conducted contractions were analysed, and
post-extrasystolic beats were omitted. End-systolic
and end-diastolic volumes were determined by
using the area-length method of Sandler and Dodge
(1968). The ejection fraction was determined by
dividing the stroke volume (end-diastolic volume
minus end-systolic volume) by the end-diastolic
volume.

Ventricular wall motion was also assessed by
analysis of the ventricular silhouette throughout a
cardiac cycle. Asynergy was classified using the
criteria of Herman and Gorlin (1969). In order to
define localised segments of abnormal ventricular
contraction, end-diastolic and end-systolic outlines
of the left ventricular chamber for a single beat were
superimposed, and akinetic or dyskinetic segments
were identified. The length of the end-diastolic
ventricular perimeter (circumference) and the
length of the akinetic or dyskinetic segment of the
end diastolic perimeter were determined with a map
measurer. The ratio of the extent of the non-
contracting segment of the left ventricle to the total
end-diastolic circumference of the left ventricle
(NCS %) was also calculated in the patients with
akinesis or dyskinesis, in order to study the relation
betweea left ventricular ejection fraction and the
extent of the non-contracting segment (Fig. 1).

Results

TOTAL AMOUNT OF CK RELEASED (E£CK)
AND ASYNERGY
The Table shows the relation between the degree of
asynergy and the total amount of CK released
(ECK), which is closely related to infarct size. Mean
total amount of CK released in 18 patients with
anterior infarction and in 16 patients with inferior
infarction was 1011-8 ± 110-5 IU/ml (mean ± SE)
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RAO 30 /

Fig. 1 Measurement of the extent of non-contracting
segment (NCS).
NCS (%) = length of akinetic or dyskinetic segment of
end-diastolic circumference/total end-diastolic
circumference x 100.

Table Total CK released (ECK) and the degree of
asynergy in 34 patients with acute myocardial infarction

Infarct site Asynergy No. of cases ECK (IU/mi)
mean ± SE

Anterior Normal 0
Hypokinesis 2 532-0 ± 112-4
Akinesis 8 955.3 ± 170-6
Dyskinesis 8 1188-4 ± 143-0

Inferior Normal 2 638-5 ± 260-6
Hypokinesis 8 1161-3 ± 119-0
Akinesis 6 1106-6 ± 121-9
Dyskinesis 0

and 1058-6 ± 98-2 IU/ml, respectively; the
difference was not statistically significant.
Of 34 patients, 32 (94%) had left ventricular

asynergy with hypokinesis, akinesis, or dyskinesis.
Eight of 18 patients with anterior infarction had
dyskinesis, 8 had akinesis, and 2 had hypokinesis.
The mean total amount ofCK released in 8 patients
with dyskinesis was 1188-4 ± 143 0 IU/ml, which
was greater than that released in 8 patients with
akinetic wall movement (955.3 + 170-6 IU/ml)
(Table). Of 16 patients with inferior infarction, 6
had akinesis, 8 had hypokinesis, and 2 had normal
wall movement. There was no significant difference
in mean total CK released (ECK) between patients
with akinesis and those with hypokinesis. However,
in inferior infarction mean total CK released in 14
patients with akinesis or hypokinesis was 11 17-8 ±
88-3 IU/ml and which was significantly (P < 0 01)
greater than that (870-6 ± 148 3 IU/ml) in 10
patients with anterior infarction and akinesis or
hypokinesis. This suggests that the degree of
asynergy, as assessed by left ventriculography, is
less in patients with inferior infarction than in those
with anterior infarction with the same infarct size.

In 20 of 22 patients without previous myocardial

infarction who had akinesis or dyskinesis (14
patients with anterior infarction, 6 patients with
inferior infarction), there was a significant cor-
relation (r = 0-68, P < 0-01) between the total
amount of CK released (ECK) and the extent of the
non-contracting segment of the left ventricle
(NCS %) (Fig. 2). Furthermore, in 2 patients with
previous myocardial infarction, the non-contracting
segment of the left ventricle was larger than in those
without previous myocardial infarction at the same
values of total CK released (Fig. 2).
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Fig. 2 Correlation between the total CK released
(2YCK) and the extent of the non-contracting segment
(r = 0-68, P < 0.01) 0: anterior infarction without
previous infarction, 0: anterior infarction with previous
infarction, A: inferior infarction without previous
infarction.

TOTAL CK RELEASED (,£CK) AND EJECTION
FRACTION
Close inverse correlations were found between the
total CK released and the ejection fraction both in
18 patients with anterior infarction and in 16 patients
with inferior infarction (Fig. 3). The ejection frac-
tion was lower in the patients with anterior infarc-
tion than in those with inferior infarction with
comparable values of total CK released. Though in
the patients with a proximal right coronary artery
lesion, part of the CK release may not be from the
left ventricle (Rogers et al., 1977), this difference in
ejection fraction between patients with anterior
and inferior infarction is also evident ifthe 6 patients
with significant right coronary lesions proximal to
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Fig. 3 (a) Left ventricular ejection fraction and total CK released (ECK) in 18 patients with anterior infarction
(r = - 0-71, P < 0 01). 0: patients without previous infarction, *: patients with previous infarction. (b) Left
ventricular ejection fraction and total CK released (ECK)in 16 patients with inferior infarction (r = -0 73, P < 0 01).
The dotted regression line excludes 5 patients with proximal right coronary artery lesions. 0: patients without previous
infarction, 0: patients with previous infarction, ®patients with proximal right coronary artery lesions.

the origin of the marginal branch are excluded
(Fig. 3b). Furthermore, as shown in Fig. 4, there
was a close inverse correlation between the extent
of the non-contracting segment of the left ventricle
and ejection fraction (r = -0-80, P < 0-01) in 19
patients without previous myocardial infarction who
had akinesis or dyskinesis, indicating that the extent
of the non-contracting segment contributes to the
reduction of the ejection fraction in patients with
myocardial infarction.
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TOTAL CK RELEASED, CARDIAC INDEX, AND
LEFT VENTRICULAR END-DIASTOLIC
PRESSURE
There is no significant correlation between the total
amount of CK released and the cardiac index, and
in 30 out of 33 patients the cardiac index was main-
tained over 2-0 1/min per m' (Fig. 5). No significant
difference in cardiac index was found between
patients with anterior infarction and those with
inferior infarction. As shown in Fig. 6, an increase
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Fig. 4 Correlation between the extent of
the non-contracting segment (NCS%) and
left ventricular ejection fraction
(r = - 0-80, P < 0 01). Symbols as in
Fig. 2.
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Symbols as in Fig. 2.

cular myocardium in the dog after ligation of the
coronary artery supplying that area, many investi-
gators have found that regional myocardial function

la
greatly influences global myocardial function in
patients with ischaemic heart disease. Harrison
(1965) observed that the lack ofuniform coordinated

o left ventricular contraction assessed by left ventri-
culography greatly altered left ventricular function

o in the patients with ischaemic heart disease. Though
there have been many studies of the effect of
asynergy on left ventricular function (Klein et al.,

0 1967; Baxley and Reeves, 1971; Baxley et al., 1971),
few investigators have attempted to relate asynergy
and the extent of the myocardial ischaemia or
necrosis, which probably causes the asynergy, to
overall left ventricular function (Mathey et al.,

2000 IU Iml 1975; Rogers et al., 1977). In the present study, we
assessed infarct size by calculating the total CK
released from infarcted myocardium by a previously

released (£CK). reported method (Inoue et al., 1977) in patients
with acute myocardial infarction, and related this to
the indices of left ventricular function such as left
ventricular ejection fraction, cardiac index, and left
ventricular end-diastolic pressure measured early
after recovery from the disease.
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Fig. 6 Left ventricular end-diastolic pressure
and total CK released (ECK). Symbols as in

in the total CK released was, however, of
ated with an increase in left ventricular en

pressure, though higher left ventricular en
pressure was observed in patients wit
infarction than in those with inferior infarc
same level of the infarct size.

Discussion

Since Tennant and Wiggers (1935) first
the paradoxical movement of an area of ]

(i) VALIDITY OF MEASUREMENTS

Estimation of infarct size
In this investigation, we estimated the infarct size
by the method of Sobel et a!. (1972) as modified by
Norris et al. (1975) from serial determinations of
serum CK activity. Though this method is con-
sidered the most sensitive one for the estimation of
infarct size (Sobel et al., 1972; Norris et al., 1975),
there are several problems in its clinical application

0
(Roe and Starmer, 1975). The most important of
these is the influence of a release of CK of non-
cardiac origin on serum CK activity. In our study,

2000 lU/mI in order to avoid the effect of extracardiac CK
release possibly from skeletal muscle, all injections

(LVEDP) were given either intravenously or subcutaneously.
Fig. 2. Patients with profound haemodynamic changes

associated with cardiogenic shock and/or severe
arrhythmias, which could also cause a release of

.ten associ- extracardiac CK, were excluded. Two patients who
Id-diastolic underwent right heart catheterisation using a Swan-
.d-diastolic Ganz catheter during the acute phase of infarction
h anterior were not excluded, because no increase in serum CK
ction at the activity after this procedure hadbeenobserved in our

previous study (Hori et al., 1976).
The second problem is that the calculated value

of total CK release from infarcted myocardium may
be affected by changes in the volume of CK dis-

described tribution space during the period of CK release.
left ventri- Witteveen et a!. (1976) recently reported the
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influence of plasma volume change on calculated
infarct size, suggesting that changes in plasma
volume should be taken into account when infarct
size is calculated from serum levels. However, pati-
ents with cardiogenic shock and/or those requiring
large infusions, in whomplasmavolumewas changing
during release of CK from infarcted myocardium,
were excluded; it is unlikely that total CK released
was significantly affected by small changes in plasma
volume in patients included in the study.
The final problem concerns the variability of the

disappearance rate of CK activity from the circula-
tion. Roberts et al. (1975) showed that haemody-
namic disturbances did not greatly affect the dis-
appearance rate of CK activity in the conscious dog.
However, Norris et al. (1975) reported large indi-
vidual differences in disappearance rates of CK
activity. Following their suggestion, we estimated the
disappearance rate of CK activity in each patient.

ESTIMATION OF ASYNERGY AND LEFT
VENTRICULAR EJECTION FRACTION
In this presentation, we estimated the degree and
extent of asynergy and left ventricular ejection frac-
tion from the single plane left ventriculogram (RAO
300). Miller et al. (1974) examined the biplane left
ventriculograms (RAO 30° and LAO 60°) of 123
consecutive patients with arteriographically proven
coronary arterial stenosis for abnormalities of left
ventricular segment contraction. They observed
that the 300 right anterior oblique view was adequate
for detecting a disorder in contraction pattern except
in thepatients withposteriorinfarction. Furthermore,
in their study they also found that asynergy was not
observed in the left anteriorobliqueviewwhen it was
not observed in the right anterior oblique projec-
tion. Other investigators reached the same con-
clusions (Cohn et al., 1972; Williams et al., 1973).
A second problem is the difference between

estimates of left ventricular ejection fraction made
from biplane and from single plane left ventriculo-
grams. Cohn et al. (1974) reported that there was no
significant difference in ejection fraction derived
from biplane and single plane left ventriculograms
in 42 patients with coronary heart disease (mean
values 0 55 and 0-52, respectively). Furthermore,
in the 27 patients who had asynergic ventricles,
the biplane values for ejection fraction were also not
significantly different from the single plane values
(mean values 0 46 and 0-41, respectively). Though
the minor axes of the left ventricle in the right
and left anterior oblique projections often differed
by several millimetres, with the left anterior oblique
measurement usually larger, this difference was seen
at end-systole and at end-diastole, in both small and
large hearts, and in patients with and without

M. Hori et al.

asynergy; differences between ejection fractions
calculated in the two projections were not significant
(Cohn et al., 1974).

Finally, because of the effect of contrast material
on left ventricular function, we performed left
ventriculography before selective coronary arterio-
graphy.

(ii) TOTAL CK RELEASED AND LEFT
VENTRICULAR FUNCTION
Although we observed a close inverse correlation
between the total CK released and left ventricular
function, several problems have to be considered
in assessing the relation between the total CK
released and left ventricular function.
The first problem is that left ventricular function

coull change in the course of myocardial infarction.
Pairolero et al. (1970) made serial estimations of left
ventricular ejection fraction in the conscious dog
after ligation of a coronary artery, and reported that
the ejection fraction fell after ligation but rose to a
steady level one month later. Karsner and Dwyer
(1916) in canine studies reported that replacement
of the infarcted myocardium by scar tissue was not
established until 16 days after ligation of the coron-
ary artery, while complete scar formation had not
occurred until 61 days after the ligation. Mallory
et al. (1939) also reported that development of an
infarcted scar in man was not complete until about 2
months after the onset. In this study we performed
left ventriculography 1-0 to 5 0 months (average
2 1 months) after the onset of infarction, when left
ventricular function was stable.
The second problem concerns the relation be-

tween the total CK released and asynergy. Miller
et al. (1974) assessed the relation between electro-
cardiographic abnormality and segmental ab-
normality of left ventricular contraction as shown
by the left ventriculogram in 77 patients with
electrocardiographic evidence of transmural myo-
cardial infarction. They showed that of these 77
patients with infarction, 73 (95%) had a localised
contraction abnormality, a finding which is con-
sistent with ours (31 of 33 patients, 94%). How-
ever, myocardial infarction is not always associated
with abnormal movement of the ventricular wall
(Master et al., 1940) and the extent and severity of
myocardial infarction as well as regional abnor-
malities of ventricular contraction influence
left ventricular function. We showed that the extent
of the akinetic or dyskinetic segment was closely
correlated with left ventricular ejection fraction
(r = -0 80, see Fig. 4) and this was consistent with
the experience of other authors (Feild et al., 1972;
Kitamura et al., 1972; Rogers etal., 1977). Further-
more, it is interesting that the total CK released
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closely correlated with the ejection fraction, as Rogers
et al. (1977) have recently reported (anterior infarc-
tion: r = -0 71, P < 0 01; inferior infarction: r =
-0 73, P < 0-01). In our study, 10 patients with
hypokinesis and 2 patients with normal ventricular
contraction were included and there was still a close
correlation between the total CK released and
ejection fraction, suggesting that the extent of the
infarct greatly influenced left ventricular function
even when there was no akinesis or dyskinesis.
The third problem is the relation between the

site of infarction and left ventricular function. In our
study, the ejection fraction in the patients with
anterior infarction was lower than in those with
inferior infarction with the same values of total CK
released (see Fig. 3). On the other hand, in both
anterior and inferior infarction total CK released in
patients with hypokinesis was less than that in those
with akinesis or dyskinesis. The severity of asynergy
on left ventriculography in patients with inferior
infarction was less than in those with anterior
infarction with comparable levels of total CKreleased
(see Table). Rogers et al. (1977) recently reported
thatthe total CK released correlatedwith the ejection
fraction (r = - 0 78) and that there was no difference
between anterior and inferior infarction except in 2
patients with proximal right coronary lesions, who
had disproportionately high left ventricular ejection
fractions probably because of the extent of right
ventricular infarction. We therefore derived the
regression lines relating the ejection fraction to total
CK released in patients with inferior infarction both
including and excluding 6 patients with proximal
right coronary lesions (Fig. 3b); these were not sig-
nificantly different. This indicates that the higher
ejection fraction in patients with inferior infarction is
the result of other factors than the presence of
infarction not involving the left ventricle.
Two possible causes for the difference between

anterior and inferior infarction can be considered.
The first possibility is that the asynergy in patients
with inferior myocardial infarction is less extensive
than in patients with anterior infarction even with
the same infarct size. Miller et al. (1974) assessed the
asynergy by biplane left ventriculography in 49
patients with myocardial infarction and observed
that dyskinesis was more frequent in the patients
with anterior infarction than in those with inferior
infarction, while hypokinesis was more frequent in
inferior infarction than in anterior infarction. In our
series, only 2 of 18 patients with anterior infarction
had hypokinesis, while 2 of 16 patients (12-5%)
with inferior infarction had a normal contraction
patternand8 patients (50%)hadhypokinesis. Further-
more, Miller et al. (1974) also reported that the
area of asynergy of the left ventricle in 21 patients

with anterior infarction was 42 per cent and this
value was significantly larger than that (23%) in
28 patients with inferior infarction. Russel et al.
(1973) studied haemodynamics in 50 patients with
acute myocardial infarction and showed that patients
with anterior infarction had significantly greater left
ventricular filling pressures (P < 0 05) than those
with inferior infarction. These findings strongly
suggest that the severity and extent of asynergy and
left ventricular function depend partly on the site
of infarct.
The second possibility is that this difference

results from the underestimation of ejection fraction
in patients with inferior infarction consequent upon
the use of single plane left ventriculography (RAO
30°). Though some part ofthe inferior and posterior
wall movement cannot be detected on single plane
ventriculograms, the difference between left ventri-
cular volumes measured from single plane and
biplane left ventriculograms was reported to be less
than 7 per cent. It thus seems that the first possi-
bility is more likely than the second.

Although we found a decreased ejection fraction
in all patients with myocardial infarction, the cardiac
index was more than 2 0 1 /min per m2 in all except
3 patients. It has been reported in previous studies
that in spite of a depressed ejection fraction, the
cardiac index is often maintained within the normal
range during the recovery phase of myocardial in-
farction; this compensation is probably mediated
by the Frank-Starling mechanism (Soloff, 1968;
Baxley et al., 1971). In our study we noted that
patients with a large infarct had a high left ventri-
cular end-diastolic pressure, and deduced that
increased ventricular contraction resulted from
increased preload.

(iii) ESTIMATION OF FUNCTION OF
NON-INFARCTED AREA
Feild et al. (1972) evaluated function of the non-
infarcted area in patients with ischaemic heart
disease by studying the relation between the extent
ofthe non-contracting area and the ejection fraction.
A patient with hypothyroidism who was excluded
from our study showed a disproportionately low
ejection fraction (0 -19) compared with the total CK
released (715 IU/ml); this suggestedthatcontractility
in the non-infarcted area was depressed by the hypo-
thyroid state, the predicted ejection fraction being
0-44.

It may thus be possible to estimate the function
of the non-infarcted area by relating total CK
released to the measured ejection fraction. When a
measured ejection fraction is lower than that pre-
dicted from total CK released, it is likely that func-
tion of the non-infarcted myocardium is impaired.
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This information may be useful for the prediction
of prognosis and the planning of treatment.

The authors acknowledge the help of Dr Frank A.
Brown with the preparation of this manuscript.
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