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Quantification of area and percentage of infarcted myocardium by
single photon emission computed tomography with thallium-201:
A comparison with serial serum CK-MB measurements
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In order to quantify the size of the infarcted myocardium, two kinds of data processing
techniques were applied to single photon emission computed tomography (SPECT) with
thallium-201 and its clinical reliability was evaluated by comparing it with the infarct sizing
procedure with the serial serum creatine kinase-MB measurements in 14 patients with acute
myocardial infarction. After maximum-count circumferential profile analysis, short axis
images were reformatted into an unfolded surface map and a bull’s eye view map. The
SPECT-determined infarct size was defined as the area or the percentage of hypoperfused
myocardium of which the profile count was less than the mean minus 2SD derived from
8 normal subjects. The infarct area was calculated from the number of pixels with an abnor-
mal count and expressed in an unfolded surface map. The percentage was calculated from
the number of abnormal profile points and displayed in a bull’s eye view map. A high linear
correlation was observed between the enzymatically determined infarct size and the infarct
area or the percentage (r=.947, r=.872, respectively), despite underestimations in 2 patients
with accompanying right ventricular infarction and overestimations in 2 patients with prior
anterior infarction. Moreover, a close negative correlation was found between the left ven-
tricular ejection fraction and the infarct area or the percentage (r=.836, r=.821, respec-
tively).

Thus, the semiautomatic techniques for processing thallium-201 SPECT images might
contribute to the quantitative estimation and display of infarcted myocardium and have
high clinical reliability.

Key words: Thallium-201, Single photon emission computed tomography, Infarct size,
Quantitative analysis, Circumferential profile analysis

INTRODUCTION

THE MEASUREMENT of the extent of myocardial
infarction has important clinical significance in prog-
nosis! 3 and in the assessment of therapeutic interven-
tions, such as thrombolytic therapy or angioplasty,
to limit the infarct size. A radionuclide imaging
technique with Tc-99m pyrophosphate or thallium-
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201 is currently used for this purpose. In particular,
single photon emission computed tomography
(SPECT) has contributed to three-dimensional visu-
alization and detailed analysis of regional abnor-
malities in coronary heart diseases.3~20 However, the
data processing procedures have not been necessarily
suitable for clinical use because SPECT imaging
provided such a large number of slices to be analyzed
that they have proven to be complicated.

In this study, two kinds of semiautomatic data
processing techniques using maximum-count circum-
ferential analysis, a bull’s eye view method!? and an
unfolded surface mapping technique recently
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Table 1 Clinical data

E i-
PooAm se MM LVEE Comd
1 49 M I(re)+ A 40 LVA
2 44 M PL 53 (—)
3 55 F AS 28 LVA
4 48 M I 60 RVI
5 62 M AS (non-Q) 61 (-)
6 78 M I(re)+ A 43 (—)
7 77 M AS (—) Af, LVA
8 57 F AS 48 (—)
9 51 M 1 52 RVI
10 53 M ext. A 36 LVA
11 64 M AS 38 LVA
12 59 F I (non-Q) 69 (-)
13 53 M PL 37 (—)
14 56 M ext. A 30 LVA

A=anterior, AS=anteroseptal, I=inferior, PL=
posterolateral, ext. A=extensive anterior, re=reat-
tack, non-Q=non-Q wave (nontransmural) infarc-
tion, LVEF=left ventricular ejection fraction,
LVA=left ventricular aneurysm, RVI=right ven-
tricular infarction, Af=atrial fibrillation.

reported by Kubota et al.,2! were applied to thallium-
201 SPECT images. In addition, it was tested whether
the scintigraphic procedures could accurately quan-
tify the size of myocardial necrosis in patients with
acute myocardial infarction by a comparison with
an enzymatically estimated infarct size.

MATERIALS AND METHODS

Study population

Fourteen patients, 11 males and 3 females, admitted
to the Division of Emergency and Critical Care,
Sapporo Medical College, between April 1986 and
April 1987 with acute myocardial infarction were
studied (Table 1). The diagnosis of acute myocardial
infarction was established by typical chest pain,
electrocardiographic changes and serial increase in
creatine kinase (CK). The mean age of the patients
was 57.64-2.7 years. There were 5 patients with
anteroseptal infarction, 2 patients with extensive
anterior infarction, 5 patients with inferior infarction
and 2 patients with posterolateral infarction. Non-
transmural (non-Q wave) infarction was found in 2
of the 14 patients, one with anterior infarction and
the other with inferior infarction. The other 12 pa-
tients had transmural (Q wave) infarction. Two of
the 5 patients with acute inferior infarction also had
right ventricular infarction diagnosed by electro-
cardiograms, echocardiographic assessment, hemo-
dynamics and Tc-99m pyrophosphate uptake. The
other 2 patients with inferior infarction had previous
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Fig. 1 A schematic representation of the display format
and analysis of thallium-201 SPECT image. After recon-
struction of the short axis images from the vertical long
axis image, maximum-count circumferential profile analy-
sis is performed every 6 degrees in each short axis slice
from apex to base. The bull’s eye view image is presented
as a series of rings by the concentric arrangement of the
maximum-count profile data per slice as shown on the
bottom left. In the unfolded surface mapping, the length
(L) of the circumference is determined in each short axis
slice. Then, the unfolded surface map is obtained by
arranging the pixel lines with the length (L) and one-
pixel thickness from cardiac apex to base shown on the
bottom right. ANT=anterior, SEP=septal, LAT=1lat-
eral, INF=inferior, POST=posterior. See the text for
details.

anterior infarction as revealed by analysis of electro-
cardiograms and past histories. Six of the 14 patients
had left ventricular aneurysm which could be diag-
nosed by echocardiography and contrast left ventric-
ulography. Eight normal subjects without ventricular
hypertrophy or any other recognizable cardiovas-
cular disease were used as the control for this study.

Thallium-201 SPECT imaging

SPECT was performed within 10 days after admis-
sion. Myocardial imaging began 10 minutes after the
intravenous injection of four millicuries of thallium-
201. A large-field-of-view gamma camera (Siemens
ZLC 75) equipped with a high resolution parallel
hole collimator rotated over 180 degrees from 45-
degree left posterior oblique to 45-degree right an-
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Fig. 2 Demonstration of thallium-201 SPECT imaging, short axis tomograms (a), bull’s
eye view map (b) and unfolded surface map (c). (A) A typical image in a normal case. The
septal segment seems to be a slightly hypoperfused area in the direct count (DC) image
because of the existence of the membranous portion of the septum, while the bull’s eye view
map and unfolded surface map appear uniformly red. (B) SPECT images from a 57-year-old
female patient with anterosepal infarction. The infarct area is 27 cm2?and the extent score is
40%;. (C) SPECT images from a 53-year-old male patient with posterolateral infarction. The
infarct area is 34cm? and the extent score is 319%.
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Fig. 3 Relationship between the total CK-MB release (X CK-MB) and infarct area or
extent score. The infarct area was calculated by unfolded surface mapping, and the extent
score by the bull’s eye view method. *=the case accompanying right ventricular infarction,
solid circles=the first attack cases, open circles=the reattack cases with previous anterior
infarction.
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Fig. 4 Relationship between left ventricular ejection fraction (LVEF) and infarct area or
extent score. In 6 cases with left ventricular aneurysm and/or whose LVEF is 409, or less,
the infarct area is more than 60 cm? and the extent score is 559 or greater.

4 Tomoaki Nakata, Tetsuya Noto, Kikuya Uno, et al

Annals of Nuclear Medicine



terior oblique. The data were acquired from 36
projections every 5 degrees for 30 seconds each and
stored as 64 X 64 matrices in the memory of a dedi-
cated nuclear medicine computer system (Shimadzu
Scintipac 2400). The total imaging time for thallium-
201 SPECT was about 18 minutes. No attenuation
correction was attempted. Transverse tomograms
were first reconstructed by filtered backprojection
with a Shepp and Rogan’s filter. Subsequently, the
vertical long axis and short axis sections were ob-
tained.

Display and assessment of infarct size by thallium-201
SPECT

Myocardial activity was analyzed from the short
axis profiles over 60 points spaced at 6 degrees for the
determination of maximum-counts per point for
each slice from apex to base.

The bull’s eye view method was performed as fol-
lows. The distribution of maximum-count profile
data per slice was reformatted into a series of con-
centric circles as shown at the bottom left in Fig. 1
(bull’s eye view map). The apical slice is in the center
of the image, the subsequent slices are arranged
peripherally and the basal slice is located at the edge.
All maximum-count data were first presented in the
direct count (DC) image with a color scale in which,
for example 0% is black and 1009 is red (Fig. 2).
Then, the infarct size was measured as an extent
score which was defined by the percentage of cir-
cumferential profile points which fell below the lower
limit (mean minus 2SD) of the normal range derived
from 8 normal subjects. The perfusion defects were
displayed as a black region while the normal region
appeared uniformly red (Fig. 2). Therefore, in order
to assess the left ventricular infarct size, the number
of abnormal profile points on each short axis slice
was found and divided by the total number of left
ventricular profile points from apex to cardiac base
as shown by the following formula:

Extent Score (%)
_ Number of profile points with abnormal count

60 x (Number of short axis slices)

where 60=number of points per short axis slice.

Like this, the bull’s eye view method in this study
was based on the technique developed by Caldwell.12
However, edge detection by the threshold technique
was not attempted.

The unfolded surface mapping technique was per-
formed using the method previously described by
Kubota et al.2! Following the maximum-count cir-
cumferential profile analysis, the distance (r) from
the center of a short axis tomogram to each profile
point (¢) was measured and its circumference (L)
was calculated. The profile data were plotted on the
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pixel line with the length (L) and one-pixel thickness.
The lines were arranged in turn from apex to base as
shown on the bottom right in Fig. 1 (unfolded sur-
face map). The area of myocardial infarction was
calculated by the number of pixels for which the
profile count was less than the lower normal limit.
The infarct area was displayed as a black region
(Fig. 2):
Infarct Area (cm2)=0.03
x (Number of pixel with abnormal count)

where 0.03=area of one pixel (0.1 cmx0.03 cm) in
this study.

The infarct size was estimated with two indexes,
the extent score in the bull’s eye view method and
the area in the unfolded surface mapping technique.
All three-dimensional data obtained from SPECT
imaging were visually presented as a single two-
dimensional image. Figure 2 demonstrates these
display formats in a normal subject and patients with
acute myocardial infarction.

Infarct sizing procedure by CK-M B measurement

Serial venous blood specimens were taken at the time
of admission, every four hours for 48 hours, and then
every twelve hours until normalization of the activity
for measurement of creatine kinase (CK) by UV
rate assay using NADP. MB isoenzyme was meas-
ured by electrophoresis. Infarct size was calculated
with the following formula based on the method
established by Roberts (1) and presented as the total
amount of CK-MB activity released by the heart up
to time T in association with irreversible injury.

Total CK-MB release (lU/l):S: ft)dr
—E(T)+Kd SIE(t)dt

where E(t)=CK-MB activity in blood (IU/)), f(t)=
rate of change of CK-MB activity due to the enzyme
being released by the heart (IU/(m/ min)), Kd=frac-
tional rate of disappearance of CK-MB activity
from blood (/min).

Radionuclide ventriculography

To evaluate cardiac function, radionuclide ventric-
ulography with 99m-pertechnetate (20 mCi) was per-
formed for all patients except one with atrial
fibrillation. After the patient’s red cells were labeled
in vivo and the radioactivity had been equilibrated,
the data were collected in a multiple gated mode of
500 cardiac cycles. The scintillation camera (Searle
LFOV, large-field-of-view) was equipped with a low-
energy, all-purpose, parallel-hole collimator and
positioned at about a 45-degree left anterior oblique
projection with a 5 to 10 caudal tilt. The gated blood-
pool data were processed with the computer system

Original 5§



Table 2 Enzymatic and scintigraphic data

Enzymatic IS Scintigraphic IS

Peak

Pt Peak CK CK-MB Total CK- Infarct Extent
(xu/h (IU/l) MBrelease area score
au/h (cm?) (%)

1 5,320 575 911 85 60
2 528 24 12 21 15
3 3,088 593 956 64 60
4 1,160 122 197 13 19
5 372 32 48 12 9
6 2,381 531 726 57 73
7 3,669 1,104 1,465 75 75
8 1,430 173 350 27 40
9 3,050 291 545 9 10
10 4,174 512 1,568 90 71
1 1,717 406 713 65 68
12 269 22 50 2 1
13 5,510 429 596 34 31
14 6,910 885 1,536 72 55

IS=infarct size.

and the left ventricular ejection fraction was cal-
culated.

Statistical analysis

All values are presented as the mean+SE. Infarct
size determined by thallium-201 SPECT imaging
was compared to that estimated enzymatically by
linear regression analysis. For the statistical com-
parison of correlation coefficients, the paired t-test
was used.

RESULTS

Thallium-201 SPECT images of 3 typical cases are
presented in Fig. 2. The top panels are from a normal
subject. No perfusion defect is found in the short
axis images (a), the bull’s eye view map (b) or the
unfolded surface map (c). The middle panels are from
a 57-year-old patient. Perfusion defects are found in
the anteroseptal region of all three images. The
scintigraphically calculated infarct area and extent
score are 27 cm2 and 409, respectively. The bottom
panels from a 53-year-old patient show perfusion
defects in the posterolateral region. The infarct area
is 34 cm? and the extent score is 31 9.

The left ventricular ejection fraction ranged from
28 to 699 with a mean of 46439, (Table 1). The
enzymatic and scintigraphic data for all patients are
shown in Table 2.

There was a significant linear correlation between
the total CK-MB release (£ CK-MB) and the infarct
area calculated by unfolded surface mapping tech-
nique or the extent score by bull’s eye view method,
with a correlation coefficient of .877 (p<0.001) and
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.810 (p<0.001), respectively (Fig. 3). Of the S pa-
tients with acute inferior infarction, 2 patients had
prior anterior infarction and the other 2 patients
suffered from accompanying right ventricular infarc-
tion (Table 1). Therefore, compared to the enzymatic
determination, both the scintigraphic techniques
underestimated the infarct size in the patients with
accompanying right ventricular infarction and over-
estimated that in the reattack cases. When 10 patients
other than these 4 cases were analysed, a better
correlation was found, i.e., r=.947 (p<<0.001) with
a regression line of y=0.046x—+12.5 in the unfolded
surface mapping and r=.872 (p<0.001) with a re-
gression line of y=0.038x+414.8 in the bull’s eye
view method. There was no significant difference
between the two scintigraphic techniques in the
ability to size infarction, but the infarct area cal-
culated by unfolded surface mapping technique was
more closely related to the enzymatically estimated
infarct size than the extent score by the bull’s eye
view method (r=.947 vs r=.872, p<0.1).

Figure 4 illustrates the relationship between the
left ventricular ejection fraction and the scintigraphi-
cally determined infarct size. For the two methods,
a significant negative correlation was found between
the variables, r=.836 (p<<0.001) in the unfolded
surface mapping and r=.821 (p<<0.001) in the bull’s
eye view method. In the 6 cases who had left ventric-
ular aneurysm and/or a left ventricular ejection frac-
tion of 409 or less, the infarct area was more than
60 cm?2 and the extent score was 559 or greater.

DISCUSSION

In this study, two kinds of data processing methods,
the unfolded surface mapping technique recently
developed by one of us, Kubota,?! and the bull’s
eye view method,12 were attempted for quantifica-
tion of myocardial perfusion abnormalities. The
results demonstrate that these two techniques are
clinically useful for estimating infarct size as an area
or a percentage of the left ventricle. In particular, the
infarct area calculated by unfolded surface mapping
seems more accurate than the extent score from the
bull’s eye view method.

Although the enzymatic method established by
Roberts! is not the gold standard for the measure-
ment of infarct size, it has often been used in clinical
studies because there are no other clinically accept-
able methods for making comparisons. However,
this method is not available unless a proper serial
blood sampling or an accurate measurement of CK-
MB is performed. Several clinical studies reported
that infarct size by pyrophosphate SPECT correlated
well with CK-MB estimates of the infarct size.3,4.7.8
There is, however, the possibility that the pyro-
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phosphate scanning technique labels noninfarcted
tissue and overestimates the extent of infarction be-
cause of its pharmaceutical characteristics.16-2¢ Fur-
thermore, the pyrophosphate scan has to be done
within the first 2 to 4 days after the onset of chest
pain to obtain high-quality images. Therefore, the
estimation of infarct size by SPECT with Tc-99m
pyrophosphate or by CK-MB analysis is possible
only during the acute phase of myocardial infarction
but not in the recovery or remote stage. If rapid
reperfusion with thrombolytic therapy or angioplasty
is performed, the accurate estimation of infarct size
may be more difficult to ascertain because these
procedures affect CK-MB release from the myo-
cardium and the ideal timing of SPECT imaging
with pyrophosphate.8.22.23

In this regard, myocardial perfusion scintigraphy
with thallium-201 is suitable not only at an early
stage of myocardial infarction but also at a later
stage. Although previous studies reported that
SPECT with thallium-201 was feasible for quantify-
ing infarct size,®-17 their techniques were so com-
plicated because many slices had to be analyzed that
widespread clinical use has been precluded. Caldwell
et al.’2 measured a relative myocardial perfusion
defect in dogs using 180 degrees acquisition which
showed a good correlation (r=.88) between the
SPECT and anatomic estimates of relative reduced
perfusion volume. Although the index they used is
sightly different from that in this study, it has the
same implication as the extent score in this study,
which is significantly (r=.87, p<0.001) related to
the enzymatically determined infarct size. Thus, this
investigation showed that quantitating the size of
relative myocardial perfusion defects by maximum-
count circumferential profile analysis was very reli-
able in a clinical study.

However, there are some limitations to infarct
sizing by thallium-201 images. First, no attenuation
correction was attempted in this study since no
adequate technique is presently available for SPECT
imaging with thallium-201. Attenuation correction
did not necessarily seem useful when the projections
were over 180 degrees as Jansen had pointed out.®
In addition, attenuation losses were corrected in the
comparative study with the normal range determined
by the same technique as attempted in the present
study since the losses in normal subjects should be
similar to those in patients.12 Second, it is impossible
to estimate the size of small perfusion defects,® non-
transmural infarction or right ventricular infarction
because SPECT imaging per se has a limitation in
spatial resolution. Third, it is difficult to distinguish
newly established myocardial necrosis from the pre-
viously infarcted area in a reattack case because
thallium-201 imaging is not for infarct-avid scin-
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tigraphy but for myocardial perfusion scintigraphy.
Fourth, the bull’s eye view method is useful in
expressing infarct size as a percentage of the total
left ventricular mass for interpatient comparisons
because of variations in left ventricular size among
patients.12:17 However, it is necessary to accurately
measure the total amount of the left ventricle and to
develop algorithms accounting for the difference in
the myocardial slice mass from apex to base as
pointed by Prigent.1> In other words, the relative
assessment by the bull’s eye view method has a
tendency to overestimate the relative contribution
of the apical part of the left ventricle and, conversely,
to underestimate that of the mid and basal portions.
This is particularly important because apical involve-
ment is often found in a case with anterior infarc-
tion. Therefore, it seems that quantification by
unfolded surface mapping as attempted in the present
study was more reasonable and more accurate be-
cause the size of each short axis image was calculated.
As a matter of fact, the geometric surface area of
myocardial infarction measured by this method was
well correlated with the enzymatically estimated
infarct size. Fifth, if a large perfusion defect is located
in the apex, no slices are obtained and, therefore,
the infarcted myocardium cannot be recognized in
the thallium-201 SPECT images. This means that
thallium-201 imaging may underestimate the infarct
size in such a case. In order to solve this problem,
an alternative approach, such as analysis of the
horizontal or vertical long axis image or the use of
tomographic gated blood pool imaging, might be
necessary to find the defect area.

The display formats obtained by the unfolded
surface mapping technique and bull’s eye view
method can present all the three-dimentional scin-
tigraphic data in a single two-dimensional image.
The bull’s eye view map may make it easier to
anatomically recognize the ventricular segments.
However, the unfolded surface mapping may be
able to more accurately display the extent and
distribution of perfusion abnormalities because it
takes into consideration the differences in myocardial
slices, while in the bull’s eye view method the perfu-
sion defect in the basal portion is more emphatically
expressed than that in the apical segment.

In conclusion, the unfolded surface mapping tech-
nique and the bull’s eye view method can contribute
to accurate quantification and visualization of myo-
cardial perfusion abnormalities. In particular, the
unfolded surface mapping technique appears to make
up for the limitations of the bull’s eye view method
and other conventional procedures and, moreover,
may be used in the noninvasive assessment of early
reperfusion therapy.
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