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Either gated myocardial perfusion SPECT or attenuation-
corrected SPECT can be used to improve specificity in the
diagnosis of coronary artery disease (CAD). We investigated
whether attenuation-noncorrected gating and ungated attenua-
tion correction could improve the diagnostic performance of
rest/stress perfusion SPECT in patients having an intermediate
pretest likelihood of CAD. Methods: Sixty-eight patients (29
men, 39 women; mean age, 59 * 12 y) with coronary artery
stenosis =70% (1 vessel, n = 13; 2 vessels, n = 18; 3 vessels,
n = 8; normal, n = 29) underwent rest attenuation-corrected 201T|
SPECT and dipyridamole stress gated attenuation-corrected
99mTc-methoxyisobutyl isonitrile SPECT with an ADAC vertex
camera. Three physicians graded the post-test likelihood of CAD
for each arterial territory using a 5-point scale (1, normal; 2,
possibly normal; 3, equivocal; 4, possibly abnormal; 5, abnor-
mal). The sensitivity, specificity, and areas under receiver-
operating-characteristic curves were compared for each operator
by 3 methods: attenuation-noncorrected rest/stress SPECT,
gated poststress SPECT plus attenuation-noncorrected rest/
stress SPECT, and attenuation-corrected rest/stress SPECT
plus gated poststress SPECT plus attenuation-noncorrected
rest/stress SPECT. Results: When higher than grade 3 was
used as the criterion for CAD, no differences in sensitivity and
specificity were found among the 3 methods for each operator.
Areas under receiver-operating-characteristic curves for the
diagnosis of CAD and stenosis revealed no differences for each
modality (P > 0.05 for each comparison). Conclusion: In
patients with an intermediate risk of CAD, viewing attenuation-
noncorrected gated poststress SPECT and ungated attenuation-
corrected rest/stress SPECT images did notimprove the diagnos-
tic performance for CAD and stenosis.
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Gated myocardial SPECT has been reported to have
additive diagnostic value for differentiating between false-
positive and true-negative findings of conventional ungated
rest/stress myocardial SPECT (7). Gated wall motion ob-
served on gated rest or poststress SPECT has been used to
differentiate between fixed defects and attenuation artifacts
of resting images (2). If the myocardial wall appeared to
have a fixed defect that moved well, perfusion of this
segment permitted contraction to occur, and the apparent
fixed defect was not real. Gated myocardial SPECT, by
revealing resting wall motion, has shown that this apparent
fixed defect was associated with the effect of attenuation (3).
Therefore, a true fixed defect that appeared to be borderline
abnormal could be easily discriminated from an artifact by
reference to gated myocardial SPECT (2,4). However, only
resting-state wall motion information was obtained by gated
SPECT acquired either at rest or during the poststress
period.

Attenuation-corrected myocardial SPECT can compen-
sate for the inhomogeneous attenuation effect of chest wall
and tissues around the heart (5). Attenuation correction has
been applied to both resting and stress myocardial images
and indicated that the apparent resting or stress defect was
caused by attenuation. In the diagnosis of coronary artery
stenosis and coronary artery disease (CAD), attenuation
correction enhanced the specificity or normalcy ratio for the
diagnosis of CAD (5,6) and helped in the diagnosis of
patients with a low pretest likelihood of disease (7,8).
Attenuation correction improved the homogeneity of the
myocardial walls in subjects with a low pretest likelihood of
disease and ensured that segments that were apparently
borderline normal were in fact normal (9). Because radioac-
tivity in healthy subjects was quite homogeneous on attenu-
ation-corrected SPECT, readers were thus able to pick out
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subtle hypoperfused areas so that diagnostic accuracy of
multivessel or left main artery disease also improved
significantly (10, 11). Because of the proximity of the camera
heads, lateral wall activity was often overestimated on
conventional attenuation-noncorrected SPECT; however,
lateral wall hypoperfusion can be discerned more easily after
attenuation correction (10-12). Furthermore, the degree of
improvement in diagnostic accuracy does not vary according
to patients’ sex or degree of obesity (13-15).

Because prognostic predictive values of SPECT have
been found to differ according to the pretest likelihood
(16,17), the diagnostic accuracy of myocardial SPECT is
closely related to the pretest likelihood of CAD. Therefore,
the selection of a target population to test the diagnostic
performance of myocardial SPECT might be based on this
criterion. The aim of performing myocardial SPECT differs
according to the pretest likelihood. In patients in whom this
pretest likelihood is high, myocardial SPECT is performed
to determine which arterial territory is ischemic or related to
the infarct. In patients with a very low likelihood of CAD
(<5%), myocardial SPECT is performed to confirm normal
perfusion (/,6-8,18). In this study, we hypothesized that
either gating or attenuation correction (or both) improved
diagnostic accuracy only when it had been confirmed that
adding gated poststress SPECT or attenuation-corrected
ungated rest/stress SPECT improved diagnostic accuracy in
patients with an intermediate pretest likelihood of CAD.

We investigated using receiver-operating-characteristic
(ROC) curve analysis to determine whether diagnostic
accuracy was improved by adding gating or attenuation
correction in patients with an intermediate pretest likelihood
of CAD who were assessed using the methods of Pryor et al.
(19). ROC curve analysis (20-22) was used to compare the
diagnostic performance of conventional rest/stress myocar-
dial SPECT and the sequential addition of gated poststress
attenuation-noncorrected SPECT and attenuation-corrected
ungated SPECT with conventional rest/stress SPECT.

MATERIALS AND METHODS

Patients

Among 1393 sequential patients who had myocardial perfusion
SPECT between June 1996 and August 1997, we selected 173
patients for subsequent coronary angiography within 2 mo of
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myocardial SPECT. On the basis of the method of Pryor et al. (/16),
a pretest likelihood was calculated, and an intermediate pretest
likelihood was defined as 15%—85%. Sixty-eight patients (29 men,
39 women; mean age, 59 * 12 y) with an intermediate likelihood
of CAD were included in this study.

The average pretest likelihood of patients was 60% * 20%. A
decrease in coronary artery diameter of =70%, as seen on coronary
angiography, was considered significant stenosis. Thirty-nine pa-
tients had CAD in 1 of the 3 main vessels or their major branches:
13 had single-vessel disease, 18 had 2-vessel disease, and 8 had
triple-vessel disease.

Twenty-nine patients had stenosis of the left anterior descending
artery, 23 had stenosis of the left circumflex artery, and 21 had
stenosis of the right coronary artery. No patients had left main
artery disease.

Acquisition of Attenuation-Corrected Rest and Gated
Attenuation-Corrected Stress Myocardial SPECT

An attenuation-corrected rest 20!T]1 SPECT image was acquired
first. Then, a gated attenuation-corrected stress %™Tc-methoxyiso-
butyl isonitrile (MIBI) SPECT image was acquired after dipyrida-
mole stress (Fig. 1). Gated attenuation-corrected SPECT yielded 3
sets of images from a single simultaneous transmission—emission
study: ungated attenuation-noncorrected SPECT, gated attenuation-
noncorrected SPECT, and ungated attenuation-corrected SPECT.

For ungated attenuation-corrected rest 20!'T1 SPECT, we adminis-
tered 111 MBq 'T] and acquired the SPECT image using a
vertical camera (Vertex EPIC; ADAC Laboratories, Milpitas, CA)
with a low-energy, all-purpose collimator (VXHR; ADAC Labora-
tories) and Vantage 1.5 acquisition software (ADAC Laboratories).
Each detector rotated in a circular orbit of 90° from the left
posterior oblique and 90° from the left anterior oblique orienta-
tions, respectively. Thirty-two step-and-shoot images were ac-
quired, with 25 s per step and an interval of 3°. A '53Gd source was
used for transmission. The energy window was set at 72 keV (20%)
for 20'T] and at 100 keV (20%) for '53Gd. For ungated attenuation-
corrected rest 20'T] images, acquisition lasted 15 min.

For gated attenuation-corrected stress ®™Tc-MIBI SPECT, dipyrid-
amole (0.14 mg/kg/min) was administered for 4 min, and 925 MBq
99mTc-MIBI was injected 3 min later. Patients had 1 egg and 360
mL milk as a fatty meal. After 30 min or later, *™Tc-MIBI SPECT
images were acquired. An acquisition protocol with an interval of
3° with 32 steps of 25 s was used. Gating was performed with 16
frames per cardiac cycle and a matrix of 64 X 64. '53Gd was used
for the transmission source. Energy windows were set at 140 keV
(20%) for #™Tc and at 100 keV (20%) for 33Gd.

Rest
T1-201 111 MBgq Tc-99m-MIBI 925 MBq
.1.— 1 -l .- -
0 30 60 90min
T1-201 Tc-99m-MIBI
Attenuation-Corrected Gated Attenuation-Corrected | FIGURE 1. Methods of attenuation-cor-
Dipyridam rected rest 20'T| SPECT and dipyridamole
o.“m‘/k: :ev stress gated attenuation-corrected %mTc-
i MIBI SPECT. i.v. = intravenously.
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Reconstruction of Attenuation-Noncorrected
Ungated Images, Gated Stress Images,
and Attenuation-Corrected Ungated images

Resting 20'T1 projection images were split into emission and
transmission images. Stress *"Tc-MIBI projection images were
split automatically into gated emission images, ungated emission
images, and transmission files. Split gated and ungated projection
files were equivalent to gated and ungated SPECT projection files,
respectively, acquired with the transmission sources off.

Attenuation-noncorrected ungated rest 2! Tl images were recon-
structed using a Butterworth filter with a cutoff frequency of 0.4
and an order of 5. Attenuation-noncorrected ungated stress *™Tc-
MIBI images were reconstructed using a Butterworth filter with a
cutoff frequency of 0.66 and an order of 5. Reconstructed images
were reoriented to conventional short-axis, vertical long-axis, and
horizontal long-axis images.

With ungated transmission projection files from 2Tl and
9mTc-MIBI SPECT images, resting and stress attenuation maps
were reconstructed using a Butterworth filter with a cutoff fre-
quency of 0.5 and an order of 5. Using these attenuation maps and
reconstructed attenuation-noncorrected ungated rest and stress
images, we iteratively reconstructed attenuation-corrected images
using a maximum likelihood expectation maximization algorithm.
Attenuation-noncorrected ungated rest and stress images were used
as primers. Iteration was stopped after 12 iterations according to
recommendation of the manufacturer (ADAC Laboratories).

Poststress “"Tc-MIBI gated SPECT images were reconstructed
using a Butterworth filter with a cutoff frequency of 0.66 and an
order of 5. Reconstructed gated images were reoriented to short-
axis, vertical, and horizontal long-axis images and displayed in 3
dimensions using Cedars quantitative gated SPECT software
(ADAC Laboratories).

Image Interpretation

Three operators who were unaware of the clinical pretest
likelihood, final diagnosis, or each other’s results read 68 image
sets from the patients with an intermediate pretest likelihood of
CAD.

Attenuation-noncorrected ungated rest and stress images were
interpreted visually. Keeping in mind attenuation-noncorrected
ungated rest and stress images, poststress gated images were
interpreted; these images were displayed on a 3-dimensional mode
using end-diastolic mesh and a moving plane inside this mesh.
With both findings in mind, attenuation-corrected ungated rest
SPECT images were interpreted visually.

Both reversible and persistent perfusion abnormalities found on
attenuation-noncorrected SPECT were considered to indicate sig-
nificant stenosis of the related coronary artery. If significantly
decreased perfusion was found at 1 of 3 artery territories, the
patient was considered to have CAD.

The degree of confidence of significant perfusion decrease was
scored from grade 1 to grade 5: grade 1, definitely normal; grade 2,
probably normal; grade 3, equivocal; grade 4, probably abnormal;
and grade 5, definitely abnormal. The highest score among the
scores of the 3 territories was used to indicate the score of the
patient. To represent the attitudes of the readers in scoring definite
grades (1 and S), the percentages of grades with definiteness
(definitely normal and definitely abnormal) were calculated—that
is, the (number of grades 1 and 5)/(total number of grades 1 through
5). The 3 physicians had 4, 7, and 11 y of experience in interpreting
attenuation-noncorrected ungated resting and stress myocardial
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SPECT. They had trained themselves to read poststress gated
SPECT images in the clinical setting for 3 y before this study. They
had experience interpreting 1200 studies of attenuation-corrected
ungated resting and stress myocardial SPECT for 1 y and tried to
build norms of their own because the attenuation-corrected normal
distribution is different from the attenuation-noncorrected normal
distribution.

Statistical Analysis

The areas under curves (AUCs) of attenuation-noncorrected
SPECT were calculated and compared with the AUCs of attenuation-
noncorrected SPECT and gated SPECT together. Furthermore, the
AUCs of attenuation-noncorrected SPECT, gated SPECT, and
attenuation-corrected SPECT together were calculated and com-
pared with the AUCs of attenuation-noncorrected SPECT and
gated SPECT together.

The AUC was calculated using Hanley and McNeil’s method
(20). We calculated the probability of choosing the correct com-
bined pair of abnormal and normal images from the pool of 29
normal (xy) and 39 abnormal (x,) images. This probability was
considered to represent the discriminatory performance of each
method. The nonparametric test index W was calculated as:

39 29

1
39 X 29 Z 2.: S X)-

W has been reported to be equivalent to the AUC (20). The SE of
W was calculated using the true AUC and Q1 and Q2, which were
indices of the probability of discriminating images correctly among
3 images selected randomly from the whole pool of images (20).
After obtaining estimates of the AUC and the SEs, the statistical
significance of differences was determined. Differences between
the AUCs of attenuation-noncorrected images and of attenuation-
noncorrected plus gated images were calculated; then those be-
tween the AUCs of attenuation-noncorrected plus gated images and
of attenuation-noncorrected plus gated plus attenuation-corrected
images were calculated. Using the following equation, SEs were
compensated by considering paired characteristics of these data:

|SE%(Area,) + SE*(Area,) —

SE(Area, - Al‘eaz) = 2rSE(Area,)SE(Areaz)l

In this equation, r was calculated by averaging Pearson’s
correlation coefficients of normal and abnormal images. The z
value,

Area, — Area,
L= SE(Area, — Area,)|’
was assumed to have a normal distribution. We tested the null
hypothesis that z would be zero and compared the AUCs of the 3
methods. To compensate for the effect of multiple comparisons, the
Bonferroni correction was adopted. For practical calculation,

MedCalc Software (MedCalc Software, Mariakerke, Belgium) was
used.

RESULTS

Diagnostic Accuracy

Table 1 shows grades of segmental perfusion decrease for
each artery territory scored by operator 1 after assessing all 3
images: attenuation-noncorrected rest/stress, gated post-
stress, and attenuation-corrected rest/stress. Among 204
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TABLE 1
Perfusion Decrease Findings of Operator 1
Using Conventional Plus Gated Plus
Attenuation-Corrected SPECT

TABLE 2
AUCs of ROC Curves of Attenuation-Noncorrected SPECT
Plus Gated SPECT Plus Attenuation-Corrected SPECT

Operator Operator Operator
Perfusion decrease LAD LCX RCA Sum Method 1 2 3

Reversible 20 4 10 34 Attenuation-noncor-
Patrtially reversible 4 3 5 12 rected SPECT 0.765 0.790 0.712
Persistent 3 3 Plus gated SPECT 0.717 0.776 0.685
Rest decrease more severe Plus attenuation-

than stress decrease 1 1 2 corrected SPECT 0.768 0.798 0.781
Normal 43 61 49 153
Sum 68 68 68 204

LAD = left anterior descending artery; LCX = left circumflex
artery; RCA = right coronary artery.

arterial territories, 153 were normal, 34 showed a reversible
perfusion decrease, 12 showed a partially reversible perfu-
sion decrease, 3 showed a persistent decrease, and 2 showed
a rest decrease more severe than the stress decrease. When
higher than grade 3, the perfusion decrease was taken to
indicate CAD. The sensitivity and specificity for operator 1
were 67% and 76%, respectively, using attenuation-
noncorrected rest/stress SPECT. For operator 2, sensitivity
and specificity were 67% and 83%, respectively, and for
operator 3, they were 71% and 51%, respectively.

ROC Curve Analysis for Diagnosis of CAD

Figure 2 shows ROC curves for attenuation-noncorrected
SPECT, attenuation-noncorrected plus gated SPECT, and
attenuation-noncorrected plus gated plus attenuation-
corrected SPECT. The AUCs of 3 ROC curves for operator
1 were 0.765, 0.717, and 0.768 (Table 2); there was no
stepwise statistical difference. The AUCs for operator 2 were
0.790, 0.776, and 0.798; again, these results were not
significantly different between methods. The AUCs for
operator 3 were 0.712, 0.685, and 0.781, and there was a
significant difference between the AUC of attenuation-
noncorrected plus gated SPECT and attenuation-noncor-

rected plus gated plus attenuation-corrected SPECT (P =
0.02). However, no difference was found between attenuation-
noncorrected and attenuation-corrected SPECT (P = 0.15).

ROC Curve Analysis for Diagnosis of Significance
of Individual Coronary Artery Stenosis

Table 3 shows the AUCs of ROC curves for detecting
stenosis of CAD using attenuation-noncorrected SPECT,
attenuation-noncorrected plus gated SPECT, and attenuation-
noncorrected plus gated plus attenuation-corrected SPECT.
The AUC for the left anterior descending artery was
0.641-0.734; for the left circumflex artery, it was 0.571-
0.765; and for the right coronary artery, it was 0.687-0.819.
The AUCs were not significantly different between the 3
methods.

Comparison of Sensitivity and Specificity
Between 3 Methods

When higher than grade 3 was regarded as significant, the
sensitivity and specificity for operator 1 were 67% and 76%,
respectively, with attenuation-noncorrected SPECT. The
sensitivity and specificity were 67% and 72%, respectively,
with gated SPECT; and they were 69% and 79%, respec-
tively, with attenuation-corrected SPECT. No significant
difference was found between the sensitivity and specificity
of the 3 methods. For operator 2, the sensitivities of each
method were 67%, 69%, and 74%, respectively, whereas the
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FIGURE 2. ROC curves for diagnosis of CAD for operators 1 (A), 2 (B), and 3 (C). Each step is attenuation-noncorrected (NAC)
rest/stress SPECT (before attenuation correction), conventional plus gated SPECT (+Gated), and attenuation-corrected (AC)

rest/stress SPECT (+AC+Gated).
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TABLE 3
AUCs of ROC Curves for Diagnosis of CAD*

Operator Operator Operator
1

Method 2 3

Left anterior descending artery
Attenuation-noncorrected

SPECT 0.686 0.693 0.641
Plus gated SPECT 0.681 0.694 0.668
Plus attenuation-corrected

SPECT 0.734 0.717 0.680

Left circumfiex artery
Attenuation-noncorrected

SPECT 0.571 0.618 0.616
Plus gated SPECT 0.571 0.765 0.607
Plus attenuation-corrected

SPECT 0.617 0.765 0.612

Right coronary artery
Attenuation-noncorrected

SPECT 0.759 0.782 0.687
Plus gated SPECT 0.751 0.846 0.725
Plus attenuation-corrected

SPECT 0.785 0.819 0.770

*Areas are not significantly different.

specificities were 83%, 72%, and 76%, respectively. No
significant difference was found between methods. The
sensitivities for operator 3 were 71%, 67%, and 74%,
respectively, and the specificities were 51%, 58%, and 75%,
respectively. Again, no difference was found between
methods.

For each arterial territory, the diagnostic sensitivity and
specificity between the 3 methods—namely, attenuation-
noncorrected SPECT, attenuation-noncorrected plus gated
poststress SPECT, and attenuation-noncorrected plus gated
poststress plus attenuation-corrected SPECT—were not sig-
nificantly different.

Grade Changes of Each Operator When Viewing Further
Gated SPECT and Attenuation-Corrected SPECT Images

For operator 1, the ratios of grades 1 and S (definite
grades) to the total number of grades were 78% with
attenuation-noncorrected SPECT, 82% with attenuation-
noncorrected plus gated SPECT, and 85% with attenuation-
noncorrected plus gated plus attenuation-corrected SPECT
(Fig. 3A). The ratios of definitive grades increased but not to
statistically significant levels because for attenuation-
noncorrected SPECT, the ratio of definitive grades was
already high (79% for the left anterior descending artery,
94% for the left circumflex artery, and 87% for the right
coronary artery). Even though the ratios of definitive grades
increased stepwise in the diagnosis of each arterial stenosis,
their effects were minimal.

For operator 2, the ratio of definitive grades increased
from 29% with attenuation-noncorrected SPECT to 57%
with attenuation-noncorrected plus gated SPECT to 68% of
attenuation-noncorrected plus gated plus attenuation-
corrected SPECT (Fig. 3B). However, for each artery, the
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ratio per step did not increase. The final definite grades were
65% for the left anterior descending artery, 81% for the left
circumflex artery, and 72% for the right coronary artery.

For operator 3, the ratio of definite grades did not change
after viewing gated or attenuation-corrected SPECT images
(Fig. 3C). The ratios of definite grades were 40%, 43%, and
43% for the 3 methods. Again, the ratio per step did not
increase. The final definite grades were 53% for the left
anterior descending artery, 72% for the left circumflex
artery, and 58% for the right coronary artery.

DISCUSSION

By displaying resting wall motion, gated SPECT helped
differentiate true fixed perfusion defects from artifacts. If
resting wall motions were normal, then perfusion in that
segment was normal and the apparent perfusion decrease at
rest was an artifact (2). If decreased uptake during stress was
similar to that seen during the resting period and that
segment showed good wall motion, the apparent hypoperfu-
sion during stress was also an artifact. However, when
decreased uptake was found only during a period of stress,
or when it was necessary to differentiate a reversible
decrease from an artifact, gated SPECT was no longer
helpful.

Artifacts are associated primarily with attenuation (23).
Experienced physicians can discriminate attenuation arti-
facts using projection files and planar images and by
comparing stress and rest differences (23).

Smanio et al. (/) recently suggested that gated SPECT
could improve diagnostic accuracy in 2 ways. In subjects
with a low pretest likelihood of CAD (<10%; n = 137), the
normal rate increased significantly if gated SPECT images
were evaluated; in patients with both CAD and myocardial
infarction (n = 49), the true-positive ratio also increased.

To assess whether additional information acquired from
gating or attenuation correction is helpful, the number of
false-positive segments must be known before gated or
attenuation-corrected SPECT images are interpreted (3). In
this study, we found only 3 false-positive cases among 51
significantly stenosed arteries and thus found no additional
advantage in either method. Similar issues were raised by
Kang et al. (24), who found that, in routine reading, the
frequency of persistent defect was so low that gated SPECT
was thus not very helpful. The lower prevalence of persistent
defect could be attributed to population difference or charac-
teristics of the population with an intermediate pretest
likelihood (or both) in our study. The pretest likelihood of
CAD or a history of myocardial infarction was probably
related with the prevalence of persistent defects.

In an early report by DePuey and Rozanski (2) referring to
the diagnostic usefulness of gated SPECT, the efficacy of
gated SPECT relied on a history of myocardial infarction. In
102 patients with such a history, these authors determined
that all fixed defects were real. On the other hand, they
determined the 60 of 78 patients with no history of
myocardial infarction by observing normal wall motion. If
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FIGURE 3. Changes in scoring characteristics for operators 1 (A), 2 (B), and 3 (C). Each step is same as in Figure 2. Grade 1 means
definitely normal; grade 2, probably normal; grade 3, equivocal; grade 4, probably abnormal; and grade 5, definitely abnormal. Height
of bar indicates percentage of each grading/total number of grading. NAC = nonattenuation-corrected; AC = attenuation-corrected.

these 78 patients were considered normal because they had
no history of myocardial infarction and had a low pretest
likelihood (<5%) before the SPECT study, we doubt that
DePuey and Rozanski would have had difficulty in proving
the efficacy of gated SPECT in defining normal.

Experienced operators finalize their reading by consider-
ing the patient’s history and the pretest likelihood when
comparing stress and rest images. If informed that the pretest
likelihood of these patients is low, they tend to decide that an
apparent defect is an artifact; if the pretest likelihood is high,
they classify the defect as real. In this group of patients,
using conventional rest/stress SPECT, we try to determine
which arterial territory is responsible for stress-induced
ischemia. When evaluating the efficacy of a diagnostic test,
the pretest likelihood is thus important.

In this study, factors such as age, sex, smoking history,
lipid serum concentration, types of chest pain, history of
infarction, rest electrocardiogram, and history of diabetes
were used to assess the pretest likelihood of CAD according
to the report of Pryor et al. (19). We considered a probability
of 15%-85% as an intermediate likelihood. We hypoth-
esized that these new methods would be very helpful if we
could prove the diagnostic efficacy of gated or attenuation-
corrected SPECT in patients with an intermediate pretest
likelihood.

In patients with a pretest likelihood of less than 5% or
10%, myocardial circumferential profiles became more
homogeneous by attenuation correction (6,9). Several re-
ports have stated that the normalcy ratio, used to identify
low-likelihood subjects, improved significantly after evaluat-
ing attenuation-corrected SPECT (5-8). These investigators
reached consensus in this regard and, furthermore, main-
tained that sensitivity had improved. We suspect, however,
that because physicians were relieved about the homogene-
ity of normal walls, they were able to determine decreased
myocardial uptake more definitively and confidently. Prelimi-
nary reports have shown that, in triple-vessel or left main
disease, attenuation correction helped to detect a *““balanced”

GATED OR ATTENUATION-CORRECTED SPECT ¢ Lee et al.

decrease of myocardial uptake or mild decrease in wider
areas of the myocardium. Because overestimation of uptake
was moderated by attenuation correction, they were more
easily able to determine lateral wall abnormality (/0-12).

We did not include left main artery disease in our group of
patients, and there were 8 patients with triple-vessel disease
among the total 68. These 8 patients were not treated
separately. Twenty-three patients had left circumflex dis-
ease, but attenuation correction did not significantly increase
diagnostic accuracy. We initially hypothesized that gating or
attenuation correction would help differentiate an inferior
wall, but we found no evidence that these methods increased
diagnostic performance in that region in this patient popula-
tion of intermediate likelihood.

Gated SPECT grades for operator 2 tended toward both
ends of the scale (definitely normal or abnormal) after
viewing attenuation-corrected images—that is to say, this
operator’s grades became more definite. In contrast, operator
1 tended to score grade 1 or grade 5 in conventional
attenuation-noncorrected SPECT and changed grades only
slightly after viewing gated or attenuation-corrected SPECT
images. Similarly, operator 3 changed his grades slightly
after viewing gated or attenuation-corrected SPECT images.

These 3 operators read in different ways, but using the 3
methods, the differences in their conclusions were no greater
in a statistical sense than those observed after repeated
readings of the same SPECT images. Because we found no
increments in the AUC with gated or attenuation-corrected
SPECT, we concluded that in patients whose pretest likeli-
hood of CAD was intermediate, stepwise addition of gated
poststress SPECT and attenuation-corrected rest/stress
SPECT did not add incremental diagnostic value.

The sensitivity or specificity obtained by the 3 different
methods was averaged and found not to differ significantly
between the 3 operators (Fig. 4). The sensitivity was slightly
higher and the specificity was slightly lower for operator 3
than for the others.

The AUC was calculated using Hanley and McNeil’s
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FIGURE 4. Average diagnostic accuracy of each operator.
Sens = sensitivity; Spec = specificity.

method (20). We used their Wilcoxon statistics and so tended
to obtain a slightly smaller area (conservative estimate) than
with the Gaussian fitting of curves and consequent area
calculation. A type II error representing the power of
statistical testing is one whose significant difference could
be missed and therefore in this study deserved our due
attention. We tried to decrease the possibility of underestima-
tion of this statistical power by calculating the AUC taking
into consideration paired characteristics of our data accord-
ing to Hanley and McNeil’s method (27). Because we had
hypothesized that there was incremental value, it was, in a
strict sense, necessary to perform a 1-tailed comparison test.
Each operator made each comparison twice; however, the
Bonferroni correction should have been applied. Taking both
facts into consideration, P was set at <0.05. Statistical
sequential repetitive testing was performed for the 3 opera-
tors so the statistical difference could have been overesti-
mated. However, this type of error was not compensated for
because this effect of overestimation would have increased
the type I error but we did not find any significant difference.

The largest difference between the AUCs, which were
0.691 and 0.765, was 0.147. According to the table presented
by Hanley and McNeil (20), several hundred subjects should
have been recruited to prove that this difference was
significant. We studied only 68 patients; accordingly, increas-
ing this sample size S times or more might have enabled us
to observe differences between the methods. Therefore, from
the statistical point of view, a final conclusion should be
deferred.

The performance of operator 3 increased stepwise from
0.687 to 0.725 to 0.770. This operator had the least
experience among the operators, and we therefore thought it
likely that operator experience would relate to the incremen-
tal diagnostic performance of gated or attenuation-corrected
SPECT. Further studies are required to determine the
incremental efficacy of gated and attenuation-corrected
SPECT observed in less-experienced physicians (25).

Over a period of 1 y we interpreted >1000 attenuation-
corrected ungated resting 2°'T1 and stress *™Tc-MIBI SPECT
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images. When we read attenuation-corrected images, we
applied different normal distributions of wall uptake accord-
ing to our experience. However, we could not be certain that
we used the best standards for interpreting attenuation-
corrected SPECT. We did not use a quantitative approach in
this study, and we admit that a quantitative approach could
have enhanced the diagnostic capability of attenuation-
corrected SPECT better than that of attenuation-noncor-
rected SPECT. The generation and switching of normal files
and the application of a quantification program such as
Cequal are now warranted to prove this advantage of attenua-
tion correction. Furthermore, scatter and attenuation correc-
tion would have additive value but was not attempted. This
study evaluated 1 of the commercially available methods of
attenuation correction.

Most previous investigators observed that gating was
helpful in differentiating real fixed defects from artifacts;
however, gating was not helpful in finding arteries that are
significantly stenotic and usually have a reversible decrease
in patients with an intermediate pretest likelihood. Gating
would have proven to have an incremental value for the
diagnosis of coronary artery stenosis in patients with a
history of infarction (2). This study does not preclude the
possible value of gating to diagnose viable, stunned, or
hibernating myocardium. This study did not include a
comprehensive assessment of the promising diagnostic role
of gating for evaluation of function and perfusion at the
same time.

If we select a subgroup with an intermediate likelihood of
CAD, such groups need the support of newer technology
most because more equivocal cases exist; we clearly showed
by ROC curve analysis that, for such groups, addition of
attenuation correction did not help in the diagnosis of
coronary artery stenosis. This finding explains why the
present system of attenuation correction is not commonly
adopted or referred to by many laboratories. The cost of the
transmission source of the present system was not justified
according to this study’s results. The present attenuation-
correction system is developed insufficiently and the method-
ological improvement of scatter or resolution correction (or
both) is warranted.

CONCLUSION

In myocardial SPECT, determination of the incremental
diagnostic efficacy of newer supplementary technology
depends crucially on the number of false-positive findings
determined to be present with conventional attenuation-
noncorrected SPECT. When attention was focused on pa-
tients in whom the pretest likelihood of CAD was of
intermediate degree, the incremental value of gated or
attenuation-corrected SPECT was not found to differ signifi-
cantly from the value of conventional SPECT.
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