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Purpose: This study evaluates not only the clinical usefulness but also the problems in attenuation
correction for thallium-201 (T1-201) myocardial SPECT by means of simultaneous transmission
and emission data acquisition in the detection of coronary artery disease (CAD).

Methods: A three-detector SPECT system equipped with a Tc-99m line source and fan-beam
collimators was used for simultaneous transmission and emission data acquisition for T1-201
myocardial SPECT in 73 patients (18 patients for normal database and 55 patients for the evaluation
of diagnostic accuracy). Attenuation-corrected (AC) images and non-attenuation-corrected (NC)
images were reconstructed with an iterative maximum-likelihood estimation-corrected (ML-EM)
algorithm. Both sets of images were reoriented into the short axis. Normal database polar maps were
constructed from the AC and NC images for quantitative analysis.

Results: There was a significant difference in specificity between NC and AC images in the RCA
territory and those in specificity and accuracy in the LCX territory. There was no significant
difference in sensitivity found between NC and AC images in either territory, but sensitivity in both
territories tended to decrease with attenuation correction. In the LAD territory, there were various
changes in sensitivity and specificity observed with attenuation correction in cases with each
quantitative criterion.

Conclusions: Diagnostic performance of significant stenosis in the RCA and LCX territories
quantitatively improved with attenuation correction because of an increase in specificity, but no
significant improvement in diagnostic performance was obtained in the LAD territory with
attenuation correction. We recommend combined interpretation of AC and NC images and careful
evaluation of any SPECT image by means of transmission computed tomography.
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INTRODUCTION

THALLIUM-201 (T1-201) single-photon emission computed
tomography (SPECT) has become a well established
imaging method for evaluating the presence and extent
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of coronary artery disease (CAD). SPECT provides
higher contrast images and improves overall detection of
CAD,"? but attenuation by the breast and diaphragm
causes a certain loss of specificity in the detection of
CAD. The most promising method for correcting T1-201
SPECT images for attenuation is to measure attenuation
distribution by means of transmission computed tomog-
raphy (TCT).3>-8

Tung et al.’ used a three-detector SPECT system with
a collimated technetium-99m (Tc-99m)-line source op-
posite a detector fitted with a 65-cm fanbeam collimator
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to perform simultaneous transmission and emission data
acquisition for T1-201 myocardial SPECT. With this
system, attenuation correction increased relative intensity
in the inferior wall and posterior septal wall of the left
ventricle. Preliminary results of patient studies showed
that attenuation correction might improve sensitivity and
specificity in the evaluation of CADs, but clinical valida-
tion might be necessary for their studies to define the
diagnostic benefits.

The purpose of this study was to assess the diagnostic
performance of attenuation-corrected (AC) stress T1-201
myocardial SPECT for the identification of CAD.

MATERIALS AND METHODS

Patients

Simultaneous acquisition of transmission and emission
computed tomographic (ECT) data was performed on 73
patients who were referred for stress myocardial perfu-

Fig. 1 Schematic display of each segment. A polar map was
divided into 16 segments, corresponding to the vascular territo-
ries. LAD territory includes seg 1-2, seg 7-10 and seg 15-16.
RCA territory includes seg 5-6 and seg 13-14. LCX territory
includes seg 3—4 and seg 11-12.

sion imaging. They consisted of 18 patients (9 men and 9
women; mean age, 64.8 + 7.0 years) for sex-specific
normal database and 55 patients (39 men and 16 women;
mean age, 62.6 £+ 15.3 years) for the evaluation of diag-
nostic performance of stress Tl-201 myocardial SPECT.
They were all suspected of CAD and underwent a coro-
nary angiography. All 18 patients for the normal data-
base had no significant stenosis in the coronary artery on
coronary angiography (CAG). There were 7 patients
without CAD and 48 cases with CAD (15 with myocardial
infarction, 33 with angina pectoris) classified by the
presence of over 75% stenosis of luminal diameter on
coronary angiography. Informed consent was obtained
from all patients. Of 48 patients with CAD, 26 cases had
an organic stenosis in the left anterior descending artery
(LAD), 12 in the right coronary artery (RCA) and 12 in the
left circumflex artery (LCX).

No patient was excluded because of coexisting hyper-
tension, valvular heart disease or cardiomyopathy.

Data Acquisition and Processing of TCT/ECT Data

A PRISM 3000 SPECT System (Ohio Imaging of Picker
International, Bedford Heights, Ohio) was used to per-
form simultaneous transmission and emission data acqui-
sition. All three detectors were equipped with low energy,
high resolution fanbeam collimators with a focal length of
65 cm. The source holder was positioned opposite and
parallel to one of the three detectors fitted with a fanbeam
collimator. The source was collimated so that an aperture
of approximately 40 degrees was obtained along the line
source, which was 50.8 cm in length and 1.2 mm in
diameter. The transmission source was Tc-99m and the
emission source was T1-201 for patient studies.

The line source was filled with 740 MBq of Tc-99m.
Transmission and emission data were collected with the
fanbeam collimators. All three detectors acquired the data
in two energy windows. One 15% window was centered
at about 140 keV for transmission data and one 30%
window was centered at about 73 keV for the emission
data. Projections were digitized onto a 64 X 64 matrix. A
total of 60 projections were sampled over 360 degrees for
each detector by using a body contoured orbit. Each view

Table 1 Diagnostic performance of AC and NC T1-201 myocardial SPECT in LAD

SD 2SD 2.5SD
No. of
seg(r)n:nts Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%)
AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC
1 88.5 923 414 414 600 655 846 846 655 724 745 782 769 846 724 793 745 818
2 73.1 769 552 58.6 63.6 673 73.1 692 690 793 710 745 692 692 828 828 764 764
3 731 692 58.6 655 655 673 654 654 862 828 764 745 654 654 897 862 782 764
4 654 692 759 724 709 709 615 500 862 828 746 673 577 462 966 862 782 673

*: significant difference (p < 0.05) AC: attenuation-corrected, NC: non-attenuation-corrected

No. of segments: Number of abnormal segments in cach territory. (1; more than 1 segment, 2; more than 2 segments, 3; more than 3
segments, 4; more than 4 segments)
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Fig. 2 AC images and NC images. Short axial images of a 54-year-old male with normal coronary
artery. In NC images, LAD territory shows normal perfusion. However in AC images, LAD territory
shows hypoperfusion.

Fig.3 ACimages and NC images. Short axial images of a 63-year-old female with normal coronary
artery. In NC images, RCA territory shows hypoperfusion. However in AC images, RCA territory shows
normal perfusion.

was acquired for 10 seconds. were converted to projections of linear attenuation coef-
After removal of cross-talk contamination from the ficients by taking the natural logarithm of the ratio of the

transmission and emission data, the transmission data incident flux to the measured transmission counts. These
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Table 2 Diagnostic performance of AC and NC TI-201 myocardial SPECT in RCA

SD

28D 2.558D

No. of
segments

Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%)

AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC

1 75.0 917 442 256 509 400 667 833 69.8 488 69.1 564 667 833 76.7* 512 745 582
2 583 917 698 512 673 600 500 750 837 721 764 722 417 667 90.7 814 800 782

*: significant difference (p < 0.05) AC: attenuation-corrected, NC: non-attenuation-corrected
No. of segments: Number of abnormal segments in each territory. (1; more than 1 segment, 2; more than 2 segments)

Table 3 Diagnostic performance of AC and NC T1-201 myocardial SPECT in LCX

SD

28D 2.58D

No. of
segments

Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%)

AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC AC NC

1 90.9 100.0 38.6* 182 49.1

345 727 81.8 70.5* 38.6 709* 473 727 81.8 75.0% 455 74.5% 527

2 81.8 909 61.4* 341 65.5* 455 727 81.8 795 63.6 782 673 63.6 727 864 727 818 727

*: significant difference (p < 0.05) AC: attenuation-corrected, NC: non-attenuation-corrected
No. of segments: Number of abnormal segments in each territory. (1; more than 1 segment, 2; more than 2 segments)

projections were reconstructed with 20 iterations of the
iterative maximum-likelihood estimation-maximization
(ML-EM) algorithm. Reconstructed attenuation coeffi-
cients for the 140 keV Tc-99m were then transformed to
the coefficients for the 73 keV energy of T1-201. The
conversion was based on the assumption that the coeffi-
cient changed linearly between 140 keV and 73 keV.

The cross-talk corrected emission projection data were
reconstructed with 20 iterations of the iterative ML-EM
algorithm. Attenuation factors were calculated as expo-
nentials of the partial line integrals for the attenuation
distribution from the pixel of interest to the detector.
These factors were retrieved from on-board memory
during the projection and backprojection operations. The
reconstructed AC images were filtered with a three-
dimensional low-pass filter to reduce image noise.
Transaxial images were reformatted to produce short
axis, vertical long axis, and horizontal long axis displays.
For comparison, non-attenuation-corrected (NC) images
were also reconstructed with 20 iterations of the iterative
ML-EM algorithm,

Data Analysis

Quantitative results were generated from the tracer distri-
butions in a polar map format compared with a database
of normal distributions. The distal-to-basal rings of the
polar maps were constructed from maximum-count cir-
cumferential profiles of short-axis slices. The polar maps
were normalized to the maximum count within each map.
To account for differences in the photon attenuation
patterns of male and female patients, gender-specific
databases were constructed for the quantitative analysis.
A polar map was divided into 16 segments. Segments and
the vascular territories used to determine the localization
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of the perfusion defects in these maps are shown in
Figure 1.

They consisted of 8 segments (seg 1-2, seg 7-10 and
seg 15-16) of the LAD territory, 4 (seg 5-6 and seg 13—
14) of RCA territory and 4 (seg 3—4 and seg 11-12) of the
LCX territory (Fig. 1). The mean pixel counts in each
segment more than standard deviation (SD), 2SD, and 2.5
SD respectively, below the normal mean of the appropri-
ate database values were regarded as abnormal. Abnormal
thresholds in each territory were assessed by comparison
with the number of abnormal segments in each territory.
In the LAD territory, from 1 to 4 abnormal segments were
selected, and 1 or 2 segments in RCA and LCX territo-
ries for the analysis of both the AC and NC maps. The
McNemar’s test was used to determine differences in
paired data samples. Statistical significance was defined
as p < 0.05.

RESULTS

The diagnostic performance for the detection of a coro-
nary arterial stenosis was evaluated in each territory, and
in 55 patients. Sensitivity, specificity and accuracy for the
localization of a disease in each of the three main coronary
distributions are shown in Tables 1 to 3.

In the LAD territory, there was a tendency to an
increase in specificity when considering a greater number
of abnormal segments as positive or a higher threshold
level as positive (Table 1). There were various changes in
sensitivity observed between AC and NC images, but no
significant difference was observed between AC and NC
images in diagnostic performance. An increase in counts
in the inferior wall and a relative reduction in tracer
distribution in the anterior wall appeared with attenuation
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correction in some cases (Fig. 2). This phenomenon may
result in the various changes in sensitivity and specificity
in the LAD territory with attenuation correction.

In the RCA and LCX territories, improvement in radio-
activity in the inferior wall was obtained with attenuation
correction in the normal cases as shown in Figure 3.
Diagnostic accuracy improved on AC images as com-
pared with NC images because of an increase in specific-
ity of all criteria (Tables 2 and 3). In the RCA territory,
there was a significant difference between NC and AC
images in specificity. And in the LCX territory, there were
significant differences between NC and AC images in
specificity and accuracy. Although sensitivity decreased
with attenuation correction in both territories, there was
no significant difference between NC and AC images in
sensitivity (Tables 2 and 3).

DISCUSSION

The clinical validation of attenuation correction with a
three detector camera has been shown in Tc-99m sestamibi
myocardial perfusion imaging.® Ficaro et al.® published
the validation of a system with a fanbeam collimator for
the transmission data obtained from an Am-241 line
source. The other two detectors collecting the emission
data of Tc-99m sestamibi were equipped with parallel
hole collimators, in order to reduce truncation. For the
detection of CAD, the quantitative results demonstrated
that the AC images more clearly differentiated stenosed
from nonstenosed vessels compared with the NC images
and that the improvement in diagnostic accuracy resulted
primarily from increased sensitivity. They remarked that
the increased sensitivity can be attributed to the unifor-
mity of the mean and variance distributions of the AC
polar maps compared with the normal NC maps. The
uniform distribution of the AC polar maps provides stricter
thresholds for the detection of CAD, resulting in im-
proved sensitivity without loss of specificity.

In this study, the increase in accuracy for disease
localization by means of the AC images resulted from an
increase in specificity in the RCA and LCX territories, but
no changes in specificity in the LAD territory were ob-
served on the AC polar maps compared with the NC polar
maps. Recently, Vidal et al.!° reported that an increase in
specificity was obtained with attenuation correction in the
RCA territory, but the sensitivity of defect detection was
significantly reduced in the LAD territory by visual analy-
sis. In our results, quantitative evaluation also shows an
improvement in diagnostic performance in the RCA and
LCX territories. No improvement in diagnostic perfor-
mance was obtained in the LAD territory with attenuation
correction.

Ficaro et al.? reported that the apex in the AC images
showed a significant decrease in activity relative to the
base, which appeared consistent with anatomic wall thin-
ning, but they did not emphasize the significant decrease
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in activity in the anteroapical wall on the AC images. On
the other hand, Miron et al.'! used a triple head camera
equipped with a Tc-99m line source for T1-201 myocar-
dial SPECT imaging, which was the same system as we
used in the present study. A preliminary study of 29 stress
images revealed that there was overcorrection of the
inferior wall, most likely due to increased scatter from the
liver accumulation. Overcorrection of the inferior wall
resulted in a relative decrease in tracer distribution in the
LAD territory. A decrease in specificity in the LAD
territory was observed in some criteria and it was caused
by the overcorrection of the inferior wall with attenuation
correction. The decrease in sensitivity in the RCA and
LCX territories was also caused by overcorrection of the
inferior wall. Reconstructed counts are artificially en-
hanced in the regions of high tissue density when scat-
tered events are not removed from the projections prior to
attenuation correction.!?”'* This is one of the main rea-
sons why a decrease in activity appears in the anterior wall
with attenuation correction.!’ Case et al.'® developed a
clinical protocol for performing both attenuation and
scatter correction for T1-201 myocardial SPECT studies
with a triple head camera. Their results revealed that
though attenuation and scatter diminished in the images,
the reconstructions still possess residual non-uniformities
due to poor sampling, partial volume effects, and cardiac
motion. To obtain true T1-201 myocardial SPECT im-
ages, further development of the hardware and software
of the gamma camera systems is necessary.

In conclusion, by attenuation correction with a triple
head gamma camera equipped with fanbeam collimators
and with a Tc-99m line source for transmission, the
diagnostic accuracy of the localization of a disease was
improved on AC images compared with NC images,
evidenced by an increase in specificity in the RCA and
LCX territories. Nevertheless, change in sensitivity and
specificity in the LAD territory were observed because an
increase in counts in the inferior wall and a relative
reduction in tracer distribution in the anterior wall ap-
peared with attenuation correction. Diagnosis of significant
stenosis in the RCA and LCX territories quantitatively
improved with attenuation correction because of an in-
crease in specificity, but no significant improvement in
diagnostic performance was obtained in the LAD territory
with attenuation correction. We recommend combined
interpretation of AC and NC images and careful evalua-
tion of any simultaneous emission/transmission imaging
protocol in patients before using such a protocol.
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