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Preoperative evaluation of myocardial viability by thallium-201
imaging in patients with old myocardial infarction
who underwent coronary revascularization
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The myocardial uptake and redistribution in thallium scintigraphy and the regional wall
motion by echocardiography were evaluated by a semi-quantitative method in 42 patients
who previously had myocardial infarction (50 target vessels) and underwent coronary revas-
cularization. The aim of this study was to elucidate the significance of the initial image,
delayed image and redistribution on thallium-201 scintigraphy for clinical diagnosis of the
myocardial viability. As a semi-quantitative analysis, we used a bull’s-eye display for thallium
image and centerline method for echocardiographic wall motion, and compared the results
before and after revascularization. As a result, the thallium grade improved postoperatively
in all 17 areas which preoperative had showed redistribution, and also in 11 of the 32 areas
without preoperative redistribution. The sensitivity, specificity and accuracy of preoperative
thallium redistribution for predicting myocardial viability were 619, 1009 and 78%,
respectively, when the postoperative improvement in the thallium grade was used as the
standard. The postoperative probability of improvement in the thallium grade increased in
proportion to the preoperative thallium grade (delayed image) (p<<0.01). There was no
correlation between the preoperative thallium delayed image and postoperative improve-
ment in wall motion. Postoperative improvement in thallium image and wall motion could
not be predicted from the preoperative wall motion. Thus, postoperative improvement in
thallium images can be anticipated if redistribution is present on the preoperative thallium
image, and the preoperative thallium delayed image is useful for predicting myocardial

viability. Improvement in wall motion could not be predicted preoperatively by these
methods.
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INTRODUCTION

THE INDICATIONS for coronary revascularization,
such as coronary artery bypass surgery (CABG) and
percutaneous transluminal coronary angioplasty
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(PTCA), are determined by the coronary angio-
graphic findings in patients with coronary artery
disease. In addition, in patients with prior myocar-
dial infarction, myocardial viability should be evalu-
ated preoperatively. Generally we used redistribution
on exercise thallium-201 myocardial scintigraphy and
regional wall motion examination by echocardio-
graphy or left ventriculography.l3 However, even
a myocardium not exhibiting redistribution may
require coronary revascularization, as indicated by
such clinical factors as exercise-induced chest pain
or ischemic ST-T changes on electrocardiography
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and poor exercise tolerance due to left ventricular
dysfunction. Postoperative improvement has fre-
quently been found in the regional wall motion and
myocardial blood flow in such cases.®™8 The results
from these two methods generally differ, but a little
work has been done in terms of establishing a reliable
method of preoperative evaluation of myocardial
viability and postoperative follow-up. We therefore
tried to design a method that would make possible
pre- and postoperative evaluation semi-quantita-
tively and multilaterally, using thallium-201 imaging
and different methods, such as wall motion. We
reevaluated the significance of the initial image,
delayed image and redistribution on thallium scinti-

graphy.

SUBJECTS AND METHODS

Study population

The study group comprised 42 patients with previous
myocardial infarction who underwent CABG or
PTCA for coronary revascularization (a total of 50
vessels). The group included 39 men and 3 women
(mean age-+standard deviation: 5949 years). Target
vessels were certified to be patent by postoperative
coronary (or graft) angiography. Twenty-two sub-
jects underwent bypass grafting to the 30 stenosed
vessels (a single vessel in 14 patients, and two vessels
in eight patients). In 20 subjects, the 20 stenosed
vessels were treated by PTCA (all single-vessel).
Preoperative stenosed vessels included 11 right coro-
nary arteries, 32 left anterior descending arteries,
and seven left circumflex arteries. A clinical diagnosis
of acute myocardial infarction was accepted only if
all of the following were present: typical chest pain
for more than 30 minutes, increased serum creatine
kinase and development of abnormal q waves on
electrocardiography. The period from acute myo-
cardial infarction to coronary revascularization
ranged from 1 month to 4 years (mean: 9 months).
The period from coronary revascularization to post-
operative echocardiography and thallium scinti-
graphy studies ranged from 23 to 57 days (mean:
36 days).

Exercise testing thallium-201 single-photon emission
computed tomography (SPECT)

All patients underwent exercise testing on a 25 W/
3 min graded bicycle ergometer. In the tests before
and after revascularization, they were exercised to a
symptom-limited end point and/or ischemic ST-
segment depression (>2 mm, horizontal or down-
ward sloping) on the electrocardiogram. A dose of
111 MBg (3 mCi) of thallium-201 was given intra-
venously, followed by a 10 m/ saline flush, when the
patient reached at the end point of the exercise test.
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Exercise was continued for an additional 60 seconds
if symptoms, electrocardiographic changes and blood
pressure were stable. A StarCam (General Electric;
Milwaukee, USA) was used for data acquisition and
analysis. Thirty-two planar acquisitions were per-
formed for 30 seconds each over a 180-degree arc
extending from the 45-degree right anterior oblique
to the 45-degree left posterior oblique projection.
The initial stress image acquisitions were performed
within 10 min after tracer injection, and delayed
imaging was obtained 180 min later. Using a filtered
back projection, transaxial slices (6 mm thick)
were reconstructed parallel to the vertical and hori-
zontal long axes and the short axis of the left ven-
tricle. Both stress and delayed SPECT images were
evaluated visually by three experts without patients’
information, and the severity of the perfusion defect
was classified into four grades as follows:

grade O=complete defect; grade 1=severe hypoper-
fusion; grade 2=mild hypoperfusion; grade 3=no
defect (normal).

Bull’s-eye display and semi-quantitative analysis

A bull’s-eye polar map was constructed by the
method described by Depasquale et al.? The maximal
count density was measured in 9° wedges extending
360° around each short axis. Tomographic slices
were plotted with rectangular coordinates, and these
profiles were then reconstructed on polar coordinates
(the bull’s-eye display). Profiles were plotted con-
centrically, with the apical profile at the center of the
bull’s-eye and the basal profile at the periphery.
Fifteen layers were created on the bull’s-eye display,
the first and 15th layers corresponding to the apex
(center) and base (periphery), respectively. We con-
sidered the 3rd-+4th, 8th-+9th, and 13th--14th
layers to represent the apex, mid-portion, and base,
respectively. A 45° area of these two layers nearest to
the center of the perfusion defect was designated as
the region of interest (ROI) (Fig. 1). This ROI
corresponded to 1/60 of the total left ventricle on the
bull’s-eye display. By comparing Emory’s normal
file for each ROI on the bull’s-eye display, the
severity of the perfusion defect was represented as
a standard deviation value, and graded as follows:
grade 0=<mean—5SD, grade l=mean—5SD~
mean—3SD, grade 2=mean—3SD~mean—2SD,
grade 3=mean—2SD (normal).

Two-dimensional echocardiography

An ultrasonic apparatus, Model Toshiba SSH-60A
or SSH-160A, was used for two-dimensional echo-
cardiography, and the parasternal short axial view on
expiration in the left semi-recumbent position was
recorded on videotape. The regional wall motion
was evaluated visually by three experts, and the
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defect

Fig. 1 Creation of ROI on a bull’s-eye display. A 45°
area of the apex, mid-portion, or basal layers nearest to
the center of the defect was designated as the ROI.

Table 1 Comparison between visual and semi-quantita-
tive evaluation of preoperative thallium grade

thallium grade
(semi-quantitative)
0 1 2 3
3 : normal g
2 : mild : 5 12 2
thallium grade hypoperfusion
(visual) :
1 : severe . 5 14
hypoperfusion
| 0: defect 8 1
|
r=0.86 p < 0.01

Table 2 Comparison between visual and semi-quantita-
tive evaluation of preoperative grade of wall motion

wall motion grade
(semi-quantitative)
0 1 2 3
3 : normal 3 8
2 : hypokinesis 2 ili5 1
wall motion
grade (visual)
1 : akinesis 2 i 2
0 : dyskinesis 8 1
r=0.86 p < 0.01

Table 3 Relationship between preoperative thallium
image and wall motion

wall motion grade
(quantitative)

0 1 2 3

3 4 1

2 2 3 4 3
thallium grade
(quantitative)

il 4 T T 2

0 4 1 5 3

r=0.14 NS
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Fig. 2 Centerline method in the short axial view on two-
dimensional echocardiography. Normalized motion in
the 13 chords at the center of the infarcted area (left) was
compared with the normal file, and a grading system of
1 to 4 was created (right).

Table 4 Relationship between postoperative improve-
ment in thallium image and wall motion

wall motion
improved unimproved
improved 10 11
thallium
unimproved 8 10
NS
wall motion grade
0 1 2 3
: RD (-) 4 1 s A
RD (+) Lol b
RD (-) 2
thallium | 2 T )
grade RD (+) o/ 4
RD (- U
ST / I 3
RD (+) o/ o} R
0
wall motion grade
0 1 2 3
[J
RD (—) 4
5 L A
RD (+) A
Or
RD (-) | ® . O//. g ' L@
thallium | 2
grade RD (+) Ty
- & O CTe
et °oe | il
RD (+)
g 5
°
0 5 g—a O—p : O*: o

Fig. 3 Changes in thallium delayed image and wall
motion before and after revascularization. Upper, cases
with redistribution; lower, cases without redistribution.
RD: redistribution, O: cases with improvement, ®:
cases without improvement.
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Fig. 4 Relationship between the preoperative grades of Fig. 5 Relationship between the preoperative grades of
thallium delayed image and 9 of postoperative improved thallium stress image and ¢ of postoperative improved
cases in thallium image and wall motion. cases in thallium image.

Table 5 Relationship between the preoperative grades of wall motion and %; of
postoperative improved cases in wall motion and thallium image

preoperative Wall motion

gradeO | gradel | grade2 | grade3

wall motion impraved cases | 6/10 | 7/10 | 5/20 0/0
(%) (60%) | (7T0%) | (25 %)

thallium improved cases 72y (0SS o772 R S o IR R )

(%) (40 %) | (55 %) | (63%) | (BT %)
BEFORE PTCA AFTER PTCA

STRESS DELAYED STRESS DELAYED

BULL’S EYE DISPLAY

STANDARD
DEVIATION MAP

ECHOCARDIOGRAPHY **
(CENTERLINE METHOD) :¢¢

Fig. 6 A representative picture of a case demonstrating postoperative improvement in
both thallium image and wall motion.
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severity was classified into four grades as follows:
grade O=dyskinesis; grade 1=akinesis; grade 2=
hypokinesis; grade 3=normal.

For semi-quantitative computer analysis, Mipron
(Kontron Elektronik ; Miinchen, Germany) was used.
Analysis by means of the centerline method was
described by Sheehan et al.8 In each of the parasternal
short axial slices at the level of the mitral valve,
papillary muscle and apex, the end-diastolic and end-
systolic left ventricular contours and the centerline
were constructed midway between the two contours
by the computer. The regional wall motion, meas-
ured along 100 chords constructed perpendicular to
the centerline, was normalized at each chord by the
end-diastolic perimeter to yield a shortening fraction.
The “normalized motion” was then obtained with
the following formula:

normalized motion=
length of wall motion/length of end-diastolic
perimeter

The location of the echocardiographic short axis
slice was adjusted to the bull’s-eye display, consider-
ing the starting point of the right ventricular free
wall from the left ventricle. Each normalized motion
was compared with the normal file in 13 continuous
chords corresponding to the ROI on the bull’s-eye
display and graded by the mean value for SD as
follows: grade 0<<mean—3SD; grade 1=mean—
3SD~mean—2SD; grade 2=mean—2SD~mean—
1SD; grade 3=mean—1SD (normal) (Fig. 2).

Judgment of postoperative improvement

We assume that the infarcted myocardium is viable
if one or more of the following is satisfied post-
operatively: 1) improvement by one grade or more
in the grading of wall motion by echocardiography,
2) improvement by one grade or more in the grade
of myocardial perfusion by thallium delayed image,
3) no change in the grade of thallium delayed image
postoperatively, but disappearance of the transient
perfusion defect (redistribution) on exercise at a level
similar to before revascularization. We established
the following indices for preoperative evaluation of
the myocardial viability: redistribution of the thal-
lium image, grade of thallinm uptake (stress and
delayed image), and grade of wall motion by echo-
cardiography. These factors were then studied for
their ability to predict postoperative improvement.
The evaluation of redistribution was considered
significant if the thallium uptake improved by one
grade or more, when the stress and the delayed
images were compared.

Statistics
The chi-square test was used to evaluate the relation-
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ship between each index and postoperative improve-
ment, and Spearman’s rank correlation coefficient
was used to evaluate the relationship between the
visual and semi-quantitative judgments, and between
the scintigraphic and echocardiographic methods. A
p value of <0.05 was considered significant.

RESULTS

Comparison of semi-quantitative and visual analysis of
thallium image and wall motion

Good correlations were found when the semi-
quantitative preoperative thallium image and wall
motion by compared with visual evaluation yielding
coefficients of correlation of 0.86 (p<<0.01) and 0.86
(p<0.01), respectively (Tables 1, 2). However, no
relationship was found between the grade of the
preoperative thallium image and wall motion (r=
0.14, Table 3), or between the grade of postoperative
improvement in thallium image and that of wall
motion (Table 4). The changes in thallium delayed
image and wall motion after revascularization in all
subjects are shown in Fig. 3. In the study of improve-
ment in postoperative wall motion, echocardiography
was evaluated only in 40 areas, excluding seven cases
in which preoperative wall motion was normal and
three cases in which the recording was poor. The
postoperative thallium grade improved in 28 of the
50 revascularized areas, and the postoperative grade
of wall motion improved in 12 of 40 revascularized
areas.

Preoperative redistribution and postoperative improve-
ment in thallium image and wall motion

The thallium image improved postoperatively in all
17 areas which exhibited redistribution of the 49
revascularized areas. Judgement was impossible for
one area preoperatively. However, 11 of 32 areas
which did not show redistribution also showed im-
provement. The sensitivity, specificity, and accuracy
of preoperative thallium redistribution for predicting
myocardial viability were 619, 1009, and 789,
respectively, when postoperative thallium improve-
ment was used as the standard. When postoperative
improvement of wall motion was used as the stand-
ard, sensitivity was 28 %, specificity was 649, and
accuracy was 48 9.

Preoperative thallium grade and postoperative improve-
ment in thallium image and wall motion

Although any grade of thallium delayed image could
improve (Fig. 4), the probability of postoperative
improvement with thallium perfusion increased in
proportion to the preoperative thallium delayed
image with p<0.01. However, postoperative im-
provement in thallium findings could not be predicted
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from preoperative thallium stress image (Fig. 5).
Also, there was no correlation between the preopera-
tive thallium delayed image and postoperative im-
provement in wall motion (Fig. 4).

Preoperative wall motion and postoperative improve
ment in the thallium image and wall motion

Cases with preoperative wall motion of grade 1
showed the highest rate of improvement (70%) in
wall motion. There was no correlation between pre-
operative wall motion and postoperative improve-
ment in wall motion. Postoperative improvement
tended to increase in proportion to the preoperative
wall motion, but not with statistical significance
(Table 5).

Case example

A 42-year-old male underwent PTCA of the left
anterior descending artery (segment 6) with reduc-
tion of the target vessel stenosis from 909, to 509%.
The thallium image improved from grade | (no
redistribution) to grade 3, and wall motion improved
from grade 1 to grade 2 (Fig. 6).

DISCUSSION

Thallium-201 myocardial scintigraphy, as an imaging
method representing blood flow, has been widely used
for diagnosis of ischemic heart disease and for evalua-
tion of myocardial damage.®10 It is also used for
evaluation of myocardial viability before coronary
revascularization23 and in postoperative follow-up of
patients with ischemic heart disease.l1715 The de-
velopment of equipment and software has led to
marked improvement in the validity of the diagnosis
of ischemic heart disease by means of myocardial
SPECT.16 Recently, thallium-201 myocardial scinti-
graphy results have been displayed as polar maps
(bull’s-eye display),” which have the advantages of
displaying the entire myocardium as a single image
and of permitting selection of spatial regions of inter-
est (ROI). Since contrast left ventriculography and
two-dimensional echocardiography have been studied
by the centerline method,® wall motion can now be
evaluated and compared in detail. However, minor
changes without clinical significance can be over-
estimated by quantitative methods of thallium scinti-
graphy such as circumferential profile analysisl? and
washout rate.> Conversely, visual judgment by the
conventional method is not always objective. There-
fore, a semi-quantitative method using simple grading
would be advantageous from the standpoint of both
clinical usefulness and objectiveness. We therefore
compared the results of visual and semi-quantitative
judgment of the thallium image and wall motion, and
found high correlations of r=0.86 (thallium image)
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and r=0.86 (wall motion). The semi-quantitative
method is especially valuable when visual judgment
is difficult, as in borderline cases. On the other hand,
the preoperative thallium grade did not agree with
the grade of wall motion, and there was no correla-
tion between postoperative improvement in the
thallium image and wall motion (Table 3, 4). This
lack of correlation may have arisen from subtle
differences in position between the bull’s-eye display
and two-dimensional echocardiography, and also be-
cause of the delay of up to several months until im-
provement appears in the thallium image.18 However,
these differences could be expected since the two
methods examine different phenomena.

Next, we examined the relationships between
myocardial viability and preoperative redistribution,
thallium image and wall motion, separately. The
myocardium in the infarcted area may not be in a
state of complete fibrosis or necrosis, and it may
include sections of intermingling viable myocardium.
Improvement could be recognized in clinical cases
if such myocardium could be revascularized.1® Thus,
CABG and PTCA have been actively performed not
only in cases of angina, but also in cases of previous
myocardial infarction. On the other hand, the myo-
cardial blood flow recorded by thallium-201 scinti-
graphy and wall motion determined by echocardio-
graphy have been studied to obtain an objective
standard of myocardial viability. However, there has
been no study of the same subjects by more than one
method. This led us to assess the preoperative myo-
cardial viability by means of both thallium scinti-
graphy with a bull’s-eye display and echocardio-
graphy with the centerline method, in a semi-
quantitative grading system. The “redistribution”
has been used as an index of myocardial viability for
dicisions on indications for CABG and PTCA.1.2.3
However, some patients with myocardial infarction
but without redistribution have undergone coronary
revascularization for clinical reasons, i.e., refractory
chest pain, heart failure and poor exercise tolerance,
and sometimes showed postoperative improvement
even in myocardium without redistribution, as re-
ported by Gibson et al.8 and Liu et al.4 The latter
report attributes the phenomenon caused to delayed
redistribution which could not be detected within 3
hours. However, a clear delayed image could not be
obtained for more than several hours. Although
repeating thallium imaging at rest would be ideal,
its high cost and the exposure of the patient to radia-
tion are disadvantageous. In our study, all 17 areas
with redistribution showed improvement irrespective
of the grades of thallium delayed image and wall
motion, and moreover, 11 of 32 areas (34 %) without
redistribution also showed improvement. With the
thallium image, lack of postoperative improvement
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was difficult to predict in myocardium not showing
redistribution. Improvement in wall motion could
not be predicted since it was not related to preopera-
tive redistribution. We propose the following mecha-
nisms for the improvement in the myocardium with-
out redistribution; 1) deconditioning caused by long-
term recumbency, 2) late redistribution20, 3) under-
estimation of myocardial viability?! in thallium
scintigraphy.

These findings show that myocardial viability
should not be evaluated from the redistribution alone.
Thus, it is important to clarify the usefulness of
thallium-201 exercise scintigraphy, especially in cases
without redistribution. We used the thallium delayed
image, which may be nearly equal to the resting image
regardless of redistribution. As a result, the pro-
bability of postoperative improvement in thallium
perfusion increased in proportion to the preoperative
thallium delayed image, as shown in Fig. 4. The
borderline between the viable and non-viable myo-
cardium cannot be decided only from these results,
for all thallium grades have the possibility of im-
provement. However, thallium delayed image can be
applied to predict the probability of postoperative
improvement,

The thallium stress image and wall motion showed
no statistical significance in their ability to predict
improvement in thallium, although they were able to
indicate tendencies, as shown in Fig. 5. These findings
suggest that the thallium stress image represents not
myocardial viability, but myocardial blood flow or
exercise-induced ischemia. Wall motion may be in-
fluenced by many factors, such as afterload, preload,
myocardial stunning and hibernation, in addition to
myocardial blood flow. In addition to this, it was con-
sidered that the thallium image and wall motion
showed improvement in different phases after coro-
nary revascularization. So a difference between the
thallium image grade and the wall motion grade is
quite probable. We believe that the standard of myo-
cardial viability was postoperative improvement in
thallium image and/or wall motion, and each method
should be analyzed separately in such a study.

When myocardial damage was classified into
“extent” and ‘‘severity,” this study evaluated im-
provement in the severity at the center of the infarcted
area. Our data on severity indicated that the thallium
grade was superior to the wall motion grade as an
index of myocardial viability, but the thallium grade
and wall motion grade could not be predicted by each
other. Improvement in extent was not assessed, since
the bull’s-eye display does not represent the correct
area. Thus the study (including wall motion) presents
a very intriguing field for future research. Interest-
ingly, the thallium grade improved postoperatively
even in two cases for which the initial rating was
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grade 0 without redistribution. This indicated that
sometimes viable myocardium cannot be detected
by thallium scintigraphy alone.

We concluded that (1) postoperative improvement
in the thallium image can be anticipated if redistribu-
tion is present in the preoperative thallium image,
(2) the probability of improvement in the thallium
image increases in proportion to the preoperative
thallium delayed imagé, and (3) improvement in wall
motion cannot be predicted preoperatively.
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