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SUMMARY

Purpose: To assess the improvement in sensitivity of the quantitative diagnosis
of ischemia based on end-systolic images obtained by ECG-gated myocardial
SPECT using *" Tc-tetrofosmin.

Methods : After the intravenous infusion of 740 MBq of *" Tc-tetrofosmin during
stress, we obtained ECG-gated myocardial SPECT images in 17 patients with
normal coronary arteries and 81 patients with =75% coronary artery stenosis.
After reconstructing end-systolic, end-diastolic, and summed ungated images, the,
short axis images were converted to polar maps, and quantitative defect scores
were determined based on the extent and severity scores.

Results: In patients with coronary artery disease, their defect scores were signifi-
cantly greater in end-systolic images than those in end-diastolic and ungated
images. In contrast, no differences were observed in the ‘defect scores in patients
with normal coronary arteries. After determining the normal limit of the defect
scores by using the patients with normal coronary arteries, the sensitivity for
detecting ischemia was calculated for end-systolic, end-diastolic and ungated
images. The sensitivity was also significantly higher for the end-systolic images
than that in end-diastolic or ungated images.

Conclusions : The quantitative diagnosis of ischemia using end-systolic images
obtained using ECG-gated myocardial SPECT and *"Tec-tetrofosmin is more
sensitive than other methods without a loss of specificity. Therefore the accuracy
of the diagnosis of myocardial ischemia is improved by using end-systolic images.

Key words : coronary artery disease, “"Tc-tetrofosmin gated SPECT,
quantitative analysis
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I . Introduction

Assessment of stress myocardial scintigra-
phy is usually based on a qualitative visual
scoring system, consequently, the assessment
may vary greatly between investigators.
Therefore, objective evaluation methods of
myocardial perfusion using automated, quanti-
tative scoring systems of perfusion defects
by comparing with normal values have been
developed for most single photon emission
computed tomography analysis system. How-
ever, the ability to detect ischemia may not
be sensitive enough if the normal values vary
widely.

With the development of electrocardiogram
(ECG) gated *"Tc myocardial imaging, blood
flow and wall motion can be evaluated
simultaneously. Because ischemic myocardial
segments can be characterized by decreases
in both perfusion and systolic function and
wall thickening increases radioactivity by
partial volume effect[1], SPECT image at
end-systole conceptually represent the com-
bined effect of myocardial perfusion and
systolic function. The objective of this study
was to determine whether the accuracy of
quantitative diagnosis of ischemia is im-
proved by systolic image in ECG-gated myo-

cardial stress SPECT images.

II. Materials and Methods

Patients

Seventeen patients with normal coronary
arteries (10 men and 7 women; mean age:
64%9 years) and 81 patients with =75%
coronary artery stenosis (58 men and 23
women; mean age: 62+10 years) underwent
ECG-gated stress myocardial SPECT. Of the
patients with coronary artery disease, there
were o3 patients with a lesion in one vessel,
17 patients with lesions in two vessels, and

11 patients with lesions in three vessels. The
left coronary artery was involved in 83 pati-
ents, the left circumflex artery in 34 patients,
and the right coronary artery in 34 patients.

Patients with conduction disturbances such
as right or left bundle branch block, or those
with arrhythmia such as atrial fibrillation
or multiple extra-systole, were excluded from
the study.

Myocardial Gated SPECT

Myocardial gated SPECT was performed
40 minutes after the 1injection of 740 MBq
of *"Tc-tetrofosmin during exercise stress.
Data acquisitions were performed using a
three-headed gamma camera (Prism 3000XP,
Picker Inc.) equipped with low energy, high-
resolution parallel hole collimators. Using a
120°X 3 imaging arc, SPECT images were
acquired in a 64X64 matrix for 72 steps with
70 cardiac cycles per step. The total imaging
time was approximately 30 minutes. Images
were gated at 16 frames per cycle using a
R-wave trigger. The first frame was set for
end-diastole and the seventh frame for end-
systole. Conventional (ungated) perfusion
SPECT images were obtained by éumming the
gated data into one composite image. Gated
SPECT images for end-diastole,
systole and the ungated SPECT images were

and end-

reconstructed into transverse and short-axis
images after prefiltering using a Butterworth
filter (degree: 7.8 ;
cycle/pixel.). Polar map displays were then

cut-off frequency : 0.20

constructed for the short-axis images.

Quantification of perfusion defects
Myocardial perfusion defects were evaluated
quantitatively based on extent and severity
scores. Calculation of those scores were pre-
viously described [2-4]. In brief, a normal
range for each pixel has been generated based
on the data of the previously selected normal
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subject. The extent score was defined as the
percent area with a count rate below the
normal limit (mean-2SD). The severity score
was calculated by summing the differences
in regional uptake between patient values and
normal values. The extent and séverity scores
were determined for the end-diastolic, end-
systolic, and ungated images respectively.
These defect scores were also obtained in
17 patients with normal coronary arteries,
and ninety-five percent confidence intervals
for the extent and severity scores were deter-
mined to determine normal limits of these
scores. The defect scores greater than the
normal upper limits were defined as “abnor-
and the

coronary artery disease were generated, and

mal”, sensitivities for detecting
were compared between the end diastolic,

end systolic and ungated images.

Statistical analysis

Data are expressed as mean * standard
deviation (SD). Paired t-test with Bonfferoni
criteria for multiple comparison was used to
examine the difference .among quantitative
defect scores (extent and severity scores).
McNemar
difference of the proportion (sensitivity) be-
tween those by end-systolic, end-diastolic
-and ungate images. P-value<{0.05 was con-

sidered as statistically significant.

Il. Results

Comparison of extent and severity scores
in patients with normal coronary arteries
(Fig. D. .

There were no differences in the extent or

severity scores between end-diastolic or unga-

ted images. The extent score was 7.314.7%
for the end-diastolic image, 5.0%+6.8% for
the ungated image, and 6.2%x6.1% for the
end-systolic image. (P=n.s) The severity

test was used to examine thev
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Fig. 1 Comparison of extent and severity
scores 1in patients with normal
coronary arteries.
Es: end systolic ; Ed : end diastolic
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Fig. 2 Comparison of extent and severity
scores in patients with coronary
artery stenosis.

score was 3.01+2.2 for the end-diastolic image,
1.4%2.4 for the ungated image, and 2.4%+3.0
for the end-systolic image. (P=n.s)

Comparison of extent and severity scores
in patients with coronary artery stenosis
(Fig. 2).

There were significant differences in the
extent and severity scores between the three
types of images in patients with significant
stenosis. The extent score was 27.5+19.6%
for the end-diastolic image, 34.4%£21.1% for
the ungated image, and 41.8%+19.8% for the
end-systolic image. The severity score was
32.8%34.7 for the end-diastolic image, 48.6%
51.8 for the ungated image, and 63.6 £55.8
for the end-systolic image. Significant statis-

tical difference was observed between any of



116 Yuji Mikami et al.

two images (P<0.01) for both the extent and
severity scores.

with and

without myocardial infarction. There were

Comparison between patients

also significant differences in the extent and
severity scores between the three types of
images, after stratifying patients by means
of the history of myocardial infarction. In
patient without myocardial infarction (n=48),
the extent score was 21.0£15.4% for the
end-diastolic image, 28.0 £19.89% for the
ungated image, and 41.8£21.3% for the end-
systolic image. Significant statistical differ-
ence was observed between the ungated image
and end-systolic image, and between the end-
diastolic image and end-systolic image (P<C
0.01, Fig. 3). The severity score was 21.7%2
8.5 for the end-diastolic image, 29.8 =28.6
for the ungated image, and 43.6+41.2 for
the end-systolic image. (P<0.01 for between
any two groups)

70-] * P<0.01
60 N.S * £ x Ed
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Fig. 3 Comparison between patients with
and without myocardial infarction.

Comparison of sensitivities for detecting
myocardial ischemia using the quantitative
defect score (Fig. 4).

Categorical analysis was performed using
sensitivity after defining the normal limits
which
were determined by using 95% confidence

for the extent and severity scores,

intervals of these scores in patients with

normal coronary arteries. The normal limit
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Fig. 4 Comparison of sensitivities for
detecting myocardial ischemia using
the defect score.

for extent score was 16.6% for the end-dias-
tolic image, 17.0% for the ungated image,
and 18.5% for the end-systolic image. The
normal limit for the severity score was 7.4
for the end-diastolic image, 6.2 for the un-
gated image, and 8.4 for the end-systolic
image. The sensitivity for detecting coronary
artery disease was significantly higher using
the end-systolic image than using the ungated
or end-diastolic images. Sensitivity was 60.5
9% for the extent score for the end-diastolic
images, 75.3% for the ungated images, and
91.4% for the end-systolic images for the
(P<0.01 between any two
images) Sensitivity for the severity score
was 67.9% for the end-diastolic images, 85.2
% for the ungated images, and 91.4% for the
end-systolic images. (P<0.01 for end-systolic

extent scores ;

images versus end-diastolic 1images, for
end-diastolic images versus ungated images.

P=10.06 for
systolic images.)

ungated images versus end-

Case presentation

Case 1: Polar map displays for a patient
with normal coronary arteries (Fig. 5).

The end-diastolic images are displayed at
the top of the figure, and the end-systolic
images at the bottom. Both the extent and

severity scores were 0 for the end-diastolic
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Quantitative Evaluation of Stress Imagings
Normal Subject

PolarMap  Extent:Score Severity Score

End Diastole

End Systole

Fig. 5 Polar map displays for a patient
with normal coronary arteries.

images as well as the end-systolic images.
Hypocount in inferior wall in end-diastolic
image 1s not apparent in end-systolic image.

Case 2: Polar map displays for a patient
with a 95% lesion in the left anterior descend-
ing artery (Fig. 6).

Both the extent and severity scores were
greater for the end-systolic images than for
the end-diastolic i1mages. The extent score
was 36% for the end-diastolic image and 60
% for the end-systolic image. The severity
score was 23 for the end-diastolic image and
76 for the end-systolic image.

Quantitative Evaluation of Stress Imagings
At End Systole and At End Diastole

| Case: AP (LAD: 95%) |

PolarMap ExtentScore Severity Score

End Diastole

End Systole

Fig. 6 Polar map displays for a patient
with a 95% lesion in the left anterior
descending artery. '

IV. Discussion

Quantitative determination of perfusion
defect scores for SPECT

In order to improve objectivity, several
methods of quantitative analysis of SPECT
imaging have been introduced. One of the
common methods is to construct a polar map,
and then normalize the uptake in a given
pixel to the maximum uptake, resulting in
This method

corresponds to the visual assessment, and the

an uptake ratio (%uptake).

extent of the ischemic region is defined by
the area with an uptake ratio lower than an
arbitrary cut-off value[5-12] . However, the
results of this technique may vary depending
on the type of imaging equipment and the
imaging agent injected. The presence of
attenuation artifact may still lead to an
overestimation of the extent of an ischemic
region in the inferior wall[13] . More sophis-
ticated quantitative determination of defect
scores, extent and severity scores, are calcu-
lated by comparing the patient data with
normal values obtained in the institute. The
extent and severity scores reflected the per-
centage area of ischemic myocardium and the
severity of ischemia, respectively[1-3,14,15] .
This method has advantage in adjusting the
variation of geographical radionuclide accu-
mulation due to the type of tracer and the
gamma camera used. However, these scores
may be underestimated if the standard devia-
tions for the normal values become relatively
large, which may make it difficult to detect
mild myocardial ischemia. Therefore more
sensitive resources is desirable to quantitative

analysis of perfusion defect.

Wall thickening assessment using *" Tc myo-
cardial gated SPECT
The short half-life of *" Tc allows greater

amounts of radioactivity to be injected. As
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a result, *" Tc-labeled agents allow us to
obtain clear ECG-gated myocardial SPECT
images and to evaluate myocardial blood
flow and left ventricular wall motion simul-
taneously [16-20]. This technique also facili-
tates the diagnosis of myocardial ischemia
easy by decreasing an attenuation artifact
[21]. In gated SPECT, myocardial images
are separately obtained for end-diastole and
end-systole. In normal (non-ischemic) region,
ventricular wall thicken at systole. Conse-
quently increase in the radioactivity counts
between diastole and systole is observed
because of the partial volume effect of the
accumulated radioisotope [1]. In ischemic
blood flow

causes a decreased in left ventricular contrac-

region, decreased myocardial
tion. As a result, the increase in the radioac-
tivity accumulation counts in the ischemic
region may be smaller than that in normal
Therefore, the in the

accumulation of ®" Tc-tetrofosmin between

regions. difference
ischemic segments and normal segments is
expected to be magnified in systolic image
[22,23] .
Quantitative determination of perfusion
defect by end-systolic image in ECG-gated
SPECT

In this study we applied extent and severity
scores to ECG-gated myocardial SPECT, and
evaluated if identification of ischemic myocar-
dium 1s more sensitive. So far, no other
studies that apply ECG-gating method to
quantitative analysis of defect scores on
SPECT image have been observed. Both the
extent and severity scores were calculated
for end-systolic images, end-diastolic images,
and summed ungated images. There were no
differences in these scores between the end-
diastolic, ungated, and end-systolic images
in patients with normal coronary arteries.

However, in patients with coronary artery

disease, there were significant differences in
both extent and severity scores, with end-
systolic images showing larger scores than
either ungated or end-diastolic images. These
results suggest that the quantitative defect
scores based on the end-systolic images are
more sensitive in detecting myocardial
ischemia without increasing the false-positive
rate. In fact, sensitivity by using a cutoff
value defined by the subjects with normal
coronary artery significantly increased in
end-systolic 1mage.

The results of this study are quite under-
standable in patients with obvious myocardial
infarction, in which left ventricular contrac-
tion is reduced even at rest. Increase in defect
scores at systole was also seen in patients
without history of myocardial infarction or
irreversible defect on rest image. Since abnor-
mal left ventricular systolic dysfunction is
basically absent in patient with angina, reason
of this result is unclear, but may be partly
explained as follows. We acquired the ECG-
gated myocardial SPECT images 40 minutes
after stress. According to several reports,
abnormal wall contraction and relaxation due
to the stress-induced myocardial ischemia
persist even at this time point[24-29]. This
phenomenon may have improved the sensiti-
vity of this study. The presence of hibernating
myocardium may also explain the improved
sensitivity we found in patients without the

evidence of infarction.

V. Limitations of the study

Firstly, SPECT

imaging takes more time than conventional

ECG-gated myocardial
ungated imaging techniques. Furthermore,
it takes even longer if the patient has atrial
and /or ventricular extrasystoles. It also
takes greater amounts of time for the analy-

sis and storage of data because of the large
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file size. Secondly, it is difficult to identify

systolic SPECT with
irregular R-R intervals, such as in atrial
fibrillation. with
disturbances such as right or left bundle

images in patients

For patients conduction
branch block, asynchronous thickening may
be problematic. Thirdly, we used only the
end-diastolic and end-systolic images, which
mean that 14/16 of the data, were excluded
from analysis. Fourthly, the patients in this
study include from severe ischemic patients
with large myocardial infarction to mild
ischemic patients. Theréfore, standard devia-
tions of the defect scores are very high.
However statistical significance was tested
In intra-patient basis, this is not problematic.
Finally, we have used a 959% confidence
interval based on data from 17 patients
with normal coronary arteries to determine
the normal range of the extent and severity
scores. Therefore, specificity was not obtained
in this data set. But the fact that defect
scores did not increase at systole in subjects
with normal coronary artery suggests that
specificity does not decrease in end-systolic

images.

VI. Conclusion

In diagnosing cardiac ischemia by myocar-

dial scintigraphy using *" Tc-tetrofosmin,
using gated SPECT to quantitatively assess

end-systolic images improves the accuracy of

diagnosis, increasing sensitivity = without
decreasing specificity.
g B
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