
The sizes of surgically induced acute myo
cardial infarctions were quantified in a study
of 28 dogs. Four projections (right and left
anterior oblique, anterior, and left lateral) were
obtained with 129C5 myocardial scintigraphy.
Control images, taken before surgery, were
compared with images taken 24-72 hr after
coronary artery ligation. From postmortem ex
amination the size of the infarct was determined
and expressed as a percentage of the total left
ventricle. On a standard diagram four independ
ent observers marked the infarcted areas in each
projection, expressed the severity of involve
ment in each area, and determined overall in
farction size as a percentageof the total left
ventricle. A nonlinear least-squares method was
also employed to derive the size of the infarct,
using the results from each observer's diagram.
There were positive correlations between each
observer's percentage estimate and the autopsy
results. The overall accuracy of the least-squares
method was similar to that of the individual ob
servers. In this study, Observer 3 proved that
acute myocardial infarcts can be quantified
accurately from multiple scintigraphic projec
tions of the myocardium, but the other three
observers had difficulty in estimating infarct
size. This difficulty probably resulted from the
lack of well-validated criteria to aid the observer
in determining the area of infarction, the sever
ity of involvement within that area, or the total
size of a myocardial infarct. Improvement in

these estimates will require the development of
definitive criteria, the use of optical scanners or
computer processing, and combinations of ra
dionuclides.

The need for a noninvasive means of quantifying
myocardial infarctions was apparent from the report

of Page et al ( 1 ) that the size of the acute myocar
dial infarction in patients who died in cardiogenic
shock was greater than 40% of their myocardium.
Such a diagnostic procedure would allow earlier
medical and surgical intervention in patients with
large myocardial infarcts. Such a procedure would
also permit the evaluation of various therapeutic
regimens reported to decrease infarct size in experi
mental animals (2). Previous approaches to the
quantification of myocardial infarction have included
the use of radionuclides (3â€”6), total CPK and the
specific MB-CPK isoenzyme (7,8), ST-segment map
ping (9), and echocardiography (10).

We have previously reported the use of 129Csmyo
cardial scintigraphy for the detection of myocardial
infarction (1 1 ) . Cesium-i 29 localizes in the normal
myocardium but is not taken up by the infarcted
area, thereby visualizing the infarct as a â€œcoldâ€•area.
The present study sought to evaluate the accuracy
of observers and to compare their estimates with a

computer technique for quantification of acute in
farct size, determined at postmortem examination,
in dogs. To our knowledge there has been no pre
viously reported systematic blind study designed to
evaluate subjective quantification of acutely infarcted
myocardium from multiple scintigraphic projections.

MATERIALS AND METHODS

The cesium-i 29, produced at the Cyclotron Facil
ity of the Naval Research Laboratory in Washington,
D.C., by the bombardment of sodium iodide targets
through the 127I(a,2n) reaction, was separated from
the dissolved target by the method of Sodd Ct al
( 12) . Images were obtained 30â€”90mm after intra
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venous administration of 3â€”4mCi of 129Csin dogs
weighing 20â€”25kg. Images were taken with a scm
tillation camera and a coarse pinhole collimator with
an energy setting of 360 keV and a 35% window.
Each view, involving 200,000 counts, required 5â€”8
mm. Four projections of the heart (right anterior
oblique, anterior, left anterior oblique, left lateral)
were obtained in each dog before and after coronary
artery ligation.

One week before intervention control myocardial
images were obtained for each of 28 mongrel dogs.
Myocardial infarctions were produced by two-stage
ligation of a coronary artery. To produce infarcts
of different sizes, ligations were carried out at van
ous levels along the anterior descending or circumflex
coronary arteries. In an effort to produce large in
farctions, some dogs underwent ligation of both

coronary arteries on separate occasions. Myocardial
images were obtained 24â€”72hr after ligation.

One week after the surgically induced infarction,
the dog was killed and the heart placed in formalin.
After fixation for 1 week the size of the myocardial
infarction was determined (postmortem estimate)
as follows. The atnia, right ventricle, and any epi
cardial fat were removed. The aorta was removed
at the level of the aortic valve. The left ventricle was
weighed and then cut in breadloaf fashion into 5cc
tions at 5-mm intervals. The size of the infarct was

estimated visually in each section and then expressed
as a percentage of the total left ventricle. The in

farcted area was then excised and weighed separately.
This weight was expressed as a percentage of the

weight of the left ventricle. The final estimate was
obtained by averaging the results from the breadloaf
and weighing techniques. The percentages deter
mined by these two methods did not differ by more
than 5% in any of the 28 dogs.

The scintigrams were interpreted independently by
four observers. The sets of scintigrams for each of
the 28 dogs were blinded (except for the designation
of before or after surgery) and randomized from 1
to 28. Using standard diagrams which divide each

projection into seven areas (Fig. 1) , the observers
identified the area of infarction and estimated the
severity of involvement within each subarea (to the
nearest 25 % ) in each of the four projections. From

the estimate in each projection, the observers then
estimated the overall size of the infarct as a percent

age of the left ventricle.

Since no criteria have been established for oh
server estimates of infarct size, a least-squares tech
nique was used in an effort to make the estimates

more objective. First, each projection was assigned

the arithmetical average of the severity gradings for

the seven subareas of that projection. Since concen
trated regions of infarction were not expected to
localize in the same projections for each case, the es

timates were arranged in descending order as x1@
x2@ X3 ? x4 for the four projections. A least-squares
estimate was applied after this ordering procedure to
determine coefficients a0, a1, a2, a3, a4 such that the

overall percentage infarction equalled a0 + a1x1 +
a2x2 + a3x3@ a4x4. These coefficients were obtained

from a test set of data in which the autopsy results
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FIG. 1. Myocardiumineachprojectionwasdividedintoseven
areas. Each observer marked areas of involvement in each view
and graded severity of involvement in each of 28 areas. Each
observer then estimated total percentage of left ventricular in
volvement.
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FIG.2. Myocardialinfarctionswere
classified as small, medium, and large.
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of infarct size with postmortem measure
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were entered as part of the data. Coefficients for a
quadratic solution were also applied where the post
mortem percentage equalled

4

b0 + @;(b1x1+ c1x12),
1=1

where the b1 and c1were coefficients derived from a
set of test data. The purpose of this computer ap
proach was to combine objectively the observers'
evaluation of each of the four projections into a

single composite percentage of infarction.
Each observer's estimate and the percentage esti

mate obtained from the least-squares method were
correlated separately with the postmortem infarction

percentage. In addition, the infarctions were classed
as small ( < 15% ) , medium ( 15â€”25% ) , and large
(>25%) andeachobserver'sestimatewascome
lated with the postmortem figure as to small, medium,

or large. If the observer's estimate fell exactly on the
border between small and medium ( 15% ) or me
dium and large (25 % ), it was placed in the correct
autopsy category (Fig. 2).

RESULTS

A wide range of positive correlations was obtained
with each observer's estimate of infarct size : Oh
server 1, r = 0.22, p = NS; Observer 2, r = 0.43,

p < 0.03; Observer 3, r = 0.92, p < 0.0001 ; Oh
server 4, m = 0.32, p < 0. 1 (Table 1 ) . Positive con

relations were also present for each observer using

the result of the least-squares method to calculate
the size of the infarct: Observer 1, r = 0.32, p <
0.1 ; Observer 2, r = 0.44, p < 0.02; Observer 3,
r = 0.57, p < 0.01; Observer 4, r = 0.20, p =

NS. The least-squares calculation improved the esti
mates of Observers 1 and 2 but decreased the come
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Dog
No. Location Pathology 1 2 3 4
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in an inferior posterior infarct (Fig. 3). In addition,
Observer 1 had some scatter in the interpretation of
small infarcts, and Observer 2 had considerable scat

ter and overestimation of medium-sized infarcts.
When the infarcts were classed as anterior and

posterior, the correlation coefficients for Observers 2

and 4 were higher for the quantification of anterior
infarcts (Observer 2, r = 0.63; Observer 4, r = 043)
than for posterior infarcts (Observer 2, r = 0.27;
Observer 4, r = 0.2 1 ) . Despite his underestimation

of the posterior infarcts, Observer 1 had a higher
correlation coefficient for posterior infarcts (r =
0.27) than for anterior infarcts (r = 0.04). There
was no difference in the estimation of anterior or
posterior infarcts by Observer 3.

DISCUSSION

In this study Observer 3 showed that it is possible
to quantify myocardial infarcts accurately by myo

camdial scintigraphy. This observer had the most

experience in interpreting myocardial scintigrams.
Although the other three observers were able to lo
calize the area of infarction, they had difficulty esti
mating its size. At this time there are no established

criteria to aid an observer in estimating the area of

infarction, the severity of involvement within that
area, or the total percentage of myocandial infarction.
Thus, each observer was forced to make these esti
mates subjectively, which probably explains the wide
variation in accuracy.

The least-squares method was employed to try to
improve the estimates for total percentage of the

myocardial infarction. This process avoided making
the individual observers estimate the total percentage
of infarction and relied only on their estimate of the
area of infarction and the severity of involvement

within that area. The disadvantage was the lack of
established validity of the least-squares method for
determination of infarct size, which introduced an
other source of potential error. The overall accuracy

of the least-squares method to predict infarct size
was about the same as the overall ability of the

observers.
Myocardial ischemia or hypoxia or both have

been shown to cause decreased or absent uptake of
potassium or potassium analogues when these are
used for myocandial scintigraphy (13,14) . It is pos
sible that an ischemic zone was present at the time
of imaging but had resolved before the dog was
killed 1 week later. If an ischemic zone was present,
interfering with the estimate of infarct size, then
the observers should consistently overestimate the
size. Since this did not occur, it is unlikely that an
ischemic zone contributed significantly to the diffi
culties of size estimation.

TABLE1. SIZEOF INFARCTIONESTIMATED
BY EACHOBSERVER

18.0
9.0
5.0

28.0
18.0
10.0
33.0
23.0
160
30.0
41.0
12.0
6.0

12.0
21.0

7.0
14.0
11.0
4.0

42.0
17.0
24.0
25.0
4.0

34.0
11.0
16.0
20.0

30.0
8.0

14.0
14.0
18.0
15.0
28.0
12.0
35.0
24.0
14.0
10.0
10.0
14.0
18.0
8.0
8.0

12.0
10.0
35.0
32.0
40.0
28.0
8.0

32.0
18.0
12.0
30.0

22.5
7.5

25.0
10.0
15.0
15.0
25.0
10.0
25.0
15.0
17.5
15.0
22.5
15.0
25.0
7.5

25.0
15.0
7.5

30.0
32.5
25.0
22.5

5.0
45.0
12.5
27.5
27.5

15.0
5.0

10.0
10.0
15.0
20.0
25.0
15.0
20.0
20.0
15.0
10.0

5.0
15.0
15.0

5.0

10.0
10.0
5.0

30.0
20.0
35.0
25.0
15.0
25.0
15.0
10.0
20.0

1 Anterior
2 Anterior
3 Posterior
4 Posterior
5 Anterior
6 Anterior
7 Anterior
8 Anterior
9 Posterior

10 Anterior
11 Anterior
@2 Posterior

13 Posterior
14 Posterior
15 Posterior
16 Posterior
17 Posterior
18 Anterior
19 Posterior
20 Posterior
21 Anterior
22 Anterior
23 Anterior
24 Posterior
25 Combined
26 Anterior
27 Posterior
28 Anterior

18.60
7.40

34.95
11.55
14.65
18.00
25.50
12.65
18.15

9.95
11.10
11.20
29.45

16.45
27.45
4.80

27.80
12.15
5.85

27.75
41.55
18.30
18.00
3.70

45.40
10.20
31.90
23.95

lation for Observers 3 and 4. Although Observer 3
had the highest correlation with either method of
size estimation, the correlation coefficient decreased
from 0.92, using the individual estimate of infarct
size, to 0.57, using the least-squares method.

Each observer correctly identified most infanctions
as either anterior or posterior. The following correct
percentages were obtained : Observer 1, 89 % ; Ob
server 2, 100% ; Observer 3, 100% ; Observer 4,
96%.

Positive correlations were higher between the four
observers' estimates of infarct size than between an
individual observer's estimates and postmortem esti
mates. The correlation between observers' estimation
of infarct size was lowest between Observers 1 and 3
(r = 0.43, p < 0.03 ) and highest between Observers

2 and 4 (r = 0.86, p < 0.001).
The division of the infarcts into small, medium,

and large revealed that Observer 3 again had the best

correlation with the postmortem estimates (Fig. 2).
Observers I , 2, and 4 had considerable scatter in

the large-infarct group. These three observers all
underestimated infarctions in the same five dogs
(Nos. 3, 13, 15, 17, and 27) , all involving ligations
of the circumflex coronary artery, which resulted
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FIG.3. Myocardialscintigramsofdog
(No. 15) with large posterior myocardial
infarct that Observers 1, 2, and 4 under
estimated. Infarct involved entire posterior
wall and measured 27.5% of left ventricle
at postmortem examination.

The observer estimate of infarct size was more
accurate for small and (with the exception of Oh

server 2) for medium infarcts than for large. Ob

servers 2 and 4 were considerably more accurate in
their estimates of anterior infarcts than posterior.
Observers 1, 2, and 4 each underestimated the size
of the infarcts in the same five dogs with large in
ferior posterior infarcts due to ligation of the circum
flex coronary artery (Fig. 3). The inferior posterior

wall is the most difficult myocardial area to image,
and this may also have caused some difficulties.

The underestimation of large infarcts is of con
cern since patients with large infarcts develop shock

and congestive heart failure (1,15) . This group of
patients could potentially benefit from the early rec
ognition of a large infarct through noninvasive myo
cardial scintigraphy. However, development of shock
and congestive heart failure with acute infarction is
considerably more common in patients with anterior

wall than with inferior-wall infarction (16,17). The
septum, anterior wall, lateral wall, and apex are
easier to image and large infarcts in these areas were
recognized accurately by the observers.

There are several approaches that should improve
the scintigraphic estimation of infarct size. Observers
will gradually acquire more experience in the inter
pretation of myocardial scintigrams. Also, the de
velopment of definite criteria for infarct sizing should
improve observer accuracy. However, more objec
tive methods will probably be needed. In this study
the use of a nonlinear least-squares method to corn

bine information from the four projections was an
attempt in this direction. A more rigorous three
dimensional reconstruction with projections at every

10â€”15 degrees may improve the estimate of infarct
size.

The use of optical scanners or computer process
ing to detect areas of involvement and degrees of se
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verity within such areas, as has been reported for re
gional rnyocardial perfusion studies (18,19), should
also lead to improvement in the estimate of infarct
size. In addition, radionuclides that are actively
taken up by the infarcted myocardiurn are now avail
able for clinical use (20,21 ) . Initial studies with
OomTcpyrophosphate and computer quantification
of infarct size in dogs report good correlation with
postmortem determinations (22,23) . A combination
of images using an agent that is actively taken up
by the infarcted myocardium with an agent that is
not taken up by infarcted or ischemic myocardium
should improve the delineation of infarct borders.
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