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The accuracy of an automated quantitative analysis of same-day
rest/stress ®®"Tc sestamibi SPECT images for detection and
localization of coronary artery disease (CAD) was assessed in a
multicenter trial consisting of 161 patients from 7 different clinical
sites utilizing various camera computer systems. Methods: Of
the 161 patients, 102 had angiographically documented coro-
nary artery disease, 22 had normal coronary arteriograms, and
37 had a low (<5%) likelihood of coronary artery disease based
on their age, sex, symptoms and the results of their exercise
electrocardiograms. The patients were studied using previously
optimized image acquisition and processing protocols. An addi-
tional population consisting of 45 patients with single-vessel dis-
ease were evaluated to determine the optimal criteria for detec-
tion of CAD. Results: The quantitative analysis method was
associated with an overall sensitivity of 87%, specificity of 36%,
and normalcy rate (true negative rate in the low likelihood pa-
tients) of 81%. Sensitivity for overall detection of disease was
similar (90%) in patients with and without myocardial infarction
(90% versus 89%). The sensitivities and specificities for identi-
fication of disease in individual coronary arteries were, respec-
tively, 69% and 76% for LAD, 70% and 80% for LCX, and 77%
and 85% for RCA. Conclusion: The results of this study dem-
onstrate that the new objective quantitative method for analysis
of same-day rest/stress ®*™Tc sestamibi SPECT images is ac-
curate for detection and localization of CAD and correlates highly
with expert visual interpretation.
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Technetium-99m-sestamibi is a new myocardial perfu-
sion imaging agent that has favorable imaging characteris-
tics for myocardial perfusion imaging (I-7). Since its clin-
ical introduction in 1992, rest/stress °™Tc-sestamibi
myocardial perfusion imaging is increasingly being used for
detection and localization of coronary artery disease
(CAD). Experience with 2°'T] myocardial perfusion imag-
ing has highlighted the need for quantitative approaches for
the analysis of planar and tomographic images (8-21) in
order to objectify image interpretation and to provide a
more accurate means of assessing the extent, severity and
reversibility of perfusion defects. Earlier quantitative
methods for ®™Tc sestamibi image analysis were applied
to studies which were not acquired by optimized imaging
protocols (22,23). In this refined approach, we initially
optimized image acquisition and processing protocols in
order to take full advantage of the superior physical and
imaging characteristics of this agent (24, 25). Furthermore,
novel quantitative analysis algorithms were implemented
which included automatic feature extraction (26), opti-
mized myocardial sampling and comprehensive polar map
analysis (24,25). Gender-matched normal limits were then
established and objective criteria for detection and local-
ization of CAD were developed and validated (27).

The present study was undertaken to assess the accu-
racy of the quantitative program for detection and localiza-
tion of CAD and to evaluate the applicability of the method
in different imaging laboratories, utilizing various computer
systems and patients from differing geographical locations.

MATERIALS AND METHODS
Patient Populations

The normal limits and criteria for abnormality were developed
previously (27). The normal population was defined as having a
<5% likelihood of CAD based on sequential Bayesian analysis of
age, sex, symptom classification and the results of exercise elec-
trocardiography (20,28,29). The current study included an inves-
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TABLE 1
Multicenter Trial Sites and Investigators

Location Principal Investigator
Siemens Sites (Type A)
Cardiac and Vascular Diag. Ctr. Los Angeles, CA John Friedman, MD
Cardiovascular Consultants Kansas City, MO Tim Bateman, MD
Northside Cardiology P.C. Indianapolis, IN Roland Landin, MD
GE Sites (Type B)
Emory University Atlanta, GA Jack Ziffer, MD
Roosevelt/St. Luke's Hospital New York, NY E. Gordon DePuey, MD
Wiliam Beaumont Hospital Detroit, M Darlene Fink-Bennett, MD
Central Florida Cardiology Orlando, FL Karen Cloninger, MD

tigation to establish criteria for localization of disease as described
below.

Multicenter Trial Patients. Seven hospitals from different geo-
graphical locations utilizing various camera/computer systems
participated in the multicenter trial evaluation (Table 1). Type A
sites consisted of institutions imaging with Siemens camera/com-
puter equipment and Type B sites consisted of institutions imag-
ing with General Electric camera/computer equipment. A total of
161 patients who underwent rest/stress *™Tc-sestamibi SPECT
imaging were included in the study population. The patients con-
sisted of 2 groups: (1) 37 consecutive patients who were consid-
ered normal by having a <5% likelihood of CAD and (2) 124
consecutive patients who underwent coronary angiography (Table
2). One hundred and two of 124 patients had =50% coronary
luminal diameter narrowing involving one (n = 43), two (n = 35),
or three (n = 24) coronary arteries. The remaining 22 patients had
<50% luminal diameter narrowing. Additionally, patients were
categorized according to =70% as the criteria for significant cor-
onary stenosis.

Patients for Establishing Criteria for Localization of Disease.
An additional population consisting of 45 patients (39 male and 6
female) were used to establish the optimal criteria for localization
of CAD in individual coronary arteries. In this group, there were
19 with LAD, 15 with LCX and 11 with RCA disease. None of
these patients had prior myocardial infarction.

Exercise and imaging Procedure

All patients were studied using the previously reported optimal
image acquisition and processing protocols (24,25). Briefly, the
protocol involved a same-day rest/stress imaging approach. The
9mTc sestamibi doses for a 70 kg patient were 8 mCi for the rest
and 22 mCi for the exercise study. For heavier patients, doses
were adjusted upward by 0.11 mCi/kg for the resting and 0.31
mCi/kg for the stress study. Patients were instructed to drink 8 oz

of whole milk or ingest a light, fatty meal 15 min before imaging to
promote tracer clearance from the gallbladder.

Rest images were acquired 1 hr after injection to allow for
clearance from the hepatobiliary system. After an interval of 34
hr from the time of rest injection, the patient exercised on the
treadmill according to the standard Bruce protocol. Exercise was
symptom limited (moderately severe anginal pain, severe dyspnea
or severe fatigue), unless one of the following developed: =4 mm
ST segment depression, malignant arrhythmia or exercise hypo-
tension (greater than 10 mm Hg drop between exercise stages). If
the patient had left ventricular hypertrophy or was taking digoxin,
the ST segment response (>4 mm depression) did not constitute
reason for termination. Exercise continued for at least 1 min after
injection and imaging was begun 30 min after exercise. Patients
who achieved <85% of the maximal predicted heart rate and did
not develop angina or ischemic ST depression were excluded, as
were females with bra size of C-cup or greater and patients with
left bundle-branch block. Studies in which the patients moved,
identified by viewing the cine display of the raw projection data,
were also excluded as were patients with prior coronary bypass
surgery or precutaneous transluminal coronary angioplasty.

Acquisition Protocol

The image acquisition parameters for all rest-stress studies
were a 20% symmetric energy window over the 140-keV photo-
peak, a high-resolution collimator and a circular 180° orbit using
64 projections from 45° right anterior oblique to 45° left posterior
oblique in the supine position. All data was stored in 64 X 64
matrices. Acquisition time per projection was 25 sec for the rest-
ing study and 20 sec for the exercise study.

Computer Processing and Analysis
Tomographic Reconstruction. Each of the projections was cor-
rected for nonuniformity with a flood source image containing

TABLE 2
Patient Populations
Stenosis criteria (=50%) Stenosis criteria (=70%)
Total MeanAge Range M F LL %MI NCA SV DV TV NCA SV DV TV
Type A 75 56.0 33-90 63 12 12 20 9 24 18 12 15 28 1 10
Type B 86 55.0 18-85 59 27 25 17 13 19 17 12 25 20 8 7
Combined 161 55.5 1890 12 39 37 19 22 43 35 24 40 48 19 17

NCA = Normal coronary arteries; % MI = % myocardial infarction; M = males; F = females; SV = single-vessel disease; DV = double-vessel
disease; TV = triple-vessel disease; LL = low likelihood normal patients; Type A = Siemens sites; and Type B = General Electric sites.
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FIGURE 1. Combined results (Type A +
Type B) for the overall sensitivity (CAD pop-
ulation), specificty (NCA population), nor-
maicy rate (low likellhood population) and
sensitivity and specificity for localization of
disease in individual coronary arteries.

30 million counts and the mechanical center of rotation was de-
termined in order to align the projection data with respect to the
reconstruction matrix. Acquired projections of the rest and exer-
cise studies were automatically corrected for radioactive decay
from the start of image acquisition and prefiltered using a two-
dimensional Butterworth filter. For the Type A systems, the filter
parameters for stress imaging were: critical frequency of 66%
Nyquist, order 2.5, and for rest images were: critical frequency of
50% Nyaquist, order 5. For the type B systems the filter parame-
ters for stress were: critical frequency of 0.52 cycles/cm, power 5,
and for rest images were: critical frequency of 0.4 cycles/cm,
power 10. The transaxial tomograms were reconstructed into im-
age slices one pixel thick (6.4 mm) using a ramp filter and filtered
backprojection. Short-axis tomograms of the entire left ventricle
were extracted from the reconstructed transaxial tomograms by
performing coordinate transformation re-orientation with appro-
priate interpolation. No attenuation or scatter correction was
used. Adjacent 6.4 mm slices were then combined two at a time
(staggered summation) to produce a new set of tomograms, each
representing a physical thickness of 12.8 mm.

Quantitative Analysis. Processing parameters for Type A sys-
tems were automatically selected by the computer and then ver-

ified by an operator. For Type B systems, the parameters were
selected manually. In either case, the following processing param-
eters were determined: the apical and basal short-axis slices, the
central axis of the ventricular chamber, and a limiting radius (from
the LV center) for myocardial count search.

Maximum count circumferential profiles were then generated
for all short-axis tomograms, including the base. A hybrid search
algorithm was employed to extract the three-dimensional tracer
distribution by sampling perpendicularly to the myocardial wall.
The apical slices were sampled in a spherical manner, while the
remainder of the myocardium was sampled using a cylindrical
search (24). Maximum count circumferential profiles were auto-
matically generated from all short-axis slices using this two-part
sampling scheme. The stress and rest profiles were normalized to
the most normal wall of the entire patient’s stress study prior to
comparison to the normal limits (27).

Several quantitative polar maps were created from the profile
data. Separate polar maps were generated for the rest and stress
myocardial perfusion distributions and for the severity and revers-
ibility of defects (24,25). Defect extent polar maps for rest and
stress were gencrated after comparing the patients profiles to
gender-matched normal limits. In this multicenter trial study, only

1.00
80 74 75
9 0
44
40 .31
20
n= | 913 [25] [90}89 | FIGURE 2. Overall sensitivity, specificity,
normalicy rates, and total vessel sensitivity
Sens Spec Ng;tn:lcy Sens Spec and ificity with 1o Type A and
Overall Total Vessel Type B sites. p = ns between Type A and
Type B sites.
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TABLE 3
Sensitivity Based on Number of Diseased Vessels

Stenosis Criteria
250% 270%
sv ov v sv bv v
Type A 17119 (.89) 1717 (1.0) 1212 (1.0) 19/20 (.95) 8/8 (1.0) 77 (1.0)
Type B 19/24 (.79) 15/18 (.83) 1112(92) 24/28 (.86) 911 (82 10/10(1.0)
Combined 36/43 (.84) 32/35 (.91) 23/24 (.96) 43/48 (.90) 17119 (.90) 1717 (1.0)

SV = single-vessel disease; DV = double-vessel disease; TV = triple-vessel disease; Type A = Siemens sites; and Type B = General Electric

shes.

the stress defect extent polar maps were used for detection and
localization of CAD.

Development of Criteria for Detection of Disease in the
Three Coronary Territories

For localization of CAD, the polar maps were divided into
three (LAD, LCX and RCA) territories according to the approach
previously described for 2°'T1 (18). In each of the three coronary
vascular territories, the total percentage of circumferential profile
points that fell below the normal limits was determined in the
group of 45 patients with single-vessel coronary disease. With the
use of receiver operating characteristic curve analysis, various
criteria for perfusion abnormality were assessed to determine
those that provided the optimal true-positive versus false-positive
trade-off for identifying disease in each of the three coronary
arteries.

Analysis of Multicenter Trial Deta

Patient data were acquired and reconstructed at each of the
sites. Tomographic image files, cath report, ECG report, visual
interpretation, patient demographic data and history were then
sent to either Cedars-Sinai or Emory University for quantitative
analysis. The final results were then tabulated for this study.
Correlation of visual to quantitative analysis was performed by
comparing the visual scores derived by consensus of each of the
three vascular territories to the quantitative result of the corre-
sponding territory on the polar map. Consensus was reached by
two experienced observers using a 5-point scoring system (0 =
normal; 1 = equivocal; 2 = moderate; 3 = severe reduction of
radioisotope uptake; and 4 = absence of detectable tracer in a
segment). The observers were unaware of the clinical history,
stress testing results and results of coronary angiography.

Statistical Analysis

For overall detection of disease, sensitivity was defined as the
proportion of patients with significant coronary disease, 250% in
one or more coronary vessel, demonstrating an abnormal T

sestamibi quantitative defect extent polar map. Specificity was
defined by the proportion of patients without significant CAD
demonstrating a normal *™Tc-sestamibi quantitative defect ex-
tent polar map. The term “‘normalcy rate’” was defined as the
proportion of patients with a low likelihood of CAD (<50%) who
had a normal quantitative polar map. We used this group to
approximate the true specificity of the test which may be greatly
different from the observed specificity in normal coronary arte-
riogram patients due to post-test referral bias (30-32). For detec-
tion of disease in individual coronary arteries, only the catheter-
ized patients were evaluated. Vessel sensitivity was defined as the
proportion of vessels with 250% or 270% stenosis having an
abnormality in the corresponding territory of the ** Tc sestamibi
quantitative defect extent polar map. Vessel specificity was de-
fined as the proportion of vessels with <50% or <70% stenosis
having a normal polar map in the corresponding territory. Sensi-
tivities, specificities, and normalcy rates were compared in males
and females as well as MI and non-MI subgroups using either the
chi-squared test or the Fisher’s exact test and were tested at the
alpha-0.05 level of significance. Computations were made using
BMDP (Berkeley, CA) and SAS (Cary, NC) statistical software
(33,34).

RESULTS

Overall Accuracy for Detection of CAD and Normalicy
Rates

The results for overall accuracy were a sensitivity of
89%, specificity of 36% and a normalcy rate of 81% (Fig.
1). This data was further categorized according to the type
of camera/computer system and these results are shown in
Figure 2. In the comparison of type A and type B sites the
overall sensitivities were 85% versus 94%, overall speci-
ficities were 44% versus 31%, and normalcy rates were
75% versus 84%. These data were derived based on defin-

TABLE 4
Overall Detection of Disease
Stencsis Criteria

Ml Non-Mi =>50% 270% Male Female
Sensitivity 0.90 (27/30) 0.89 (64/72) 0.89 (91102) 0.91 (75/82) 0.89 (76/85) 0.94 (16117)
Specificity — - 0.36 (8/22) 0.30 (12/40) 0.44 (4/9) 0.31 (4113)
Normalcy Rate - — — — 0.86 (24/28) 0.67 (6/9)
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Spec FIGURE 3. Sensitivity and specificity for
localization of CAD with respect to Type A
and Type B sites. p = ns between Type A
and Type B sites.

ing CAD as at least one vessel having a 250% stenosis
based on coronary angiography. As shown, no significant
difference was noted between the two different types of
camera/computer sites in this regard. The sensitivity for
overall detection of disease increased with the number of
diseased vessels; 84% in single-vessel disease, 91% in dou-
ble-vessel disease and 96% in triple-vessel disease when
the stenosis criteria of 250% was used (Table 3).

Using a criteria of 250% stenosis in the 72 patients
without prior myocardial infarction, sensitivity for detec-
tion of disease was 89%, which was similar to that ob-
served in the 30 patients with prior myocardial infarction
(Table 4). When the criteria of 270% was used to define
significant CAD, 82 patients were categorized as having
disease (40 patients had <70% stenosis). Using this crite-
rion, the sensitivity and specificity were 91% and 30%
respectively which were not significantly different from
those observed with the 250% criteria (Table 4). When the
270% criteria was used to determine sensitivity for overall
detection of disease based on the number of diseased ves-
sels, a sensitivity of 90% for single-vessel disease, 90% for
double-vessel disease, and 100% for triple-vessel disease
was obtained, which was similar to the results obtained
when the =50% criteria was used (Table 3). The sensitiv-
ity, specificity, and normalcy rate for males and females
separately are shown in Table 4. No significant differences
were noted between the two genders, even though the
normalcy rate appeared to be higher in the male (86%)
versus the female (67%) population.

Criteria for Localization of Disease

Receiver operating characteristic curve analysis per-
formed on the data derived from the 45 patients with single-
vessel CAD determined the following optimal criterion for
abnormality: 210% of the pixels were required to be ab-
normal in the left anterior descending and left circumflex

Validation of Quantitative % Tc-Sestamibi SPECT ¢ Van Train et al.

coronary artery territories and =12% in the right coronary/
posterior descending artery territory in order for it to be a
quantitatively significant defect. When the criteria were
applied, the true-positive and true-negative rates obtained
in these 45 patients were 90% (17/19) and 96% (25/26)
respectively for the left anterior descending, 82% (9/11) and
88% (30/34) for the left circumflex and 87% (13/15) and 93%
(28/30) for the right coronary/posterior descending coro-
nary artery territory.

identification of individual Diseased Coronary Arteries

The sensitivity and specificity for the localization of
CAD is shown in Figures 1-3. Sensitivity and specificity
were respectively 69% and 76% for LAD, 70% and 80% for
LCX, and 77% and 85% for RCA (Figure 1). As shown in
Figures 2 and 3, no significant differences were noted be-
tween type A and type B centers with respect to sensitivity
and specificity for detection of disease in individual coronary
arteries. The sensitivity and specificity were further broken
down according to 250% and 270% stenosis and are shown
in Figures 4 and 5. As expected, there was a trend for a
higher sensitivity with slightly lower specificities when the
less stringent =70% stenosis criteria was employed.

The sensitivity for localization of CAD in the MI versus
non-MI patients for the LAD was 81% (17/21) versus 65%
(37/57), the LCX was 71% (12/17) versus 70% (23/33), and
the RCA was 77% (17/22) versus 77% (27/35). The speci-
ficity for localization of CAD in the MI versus non-MI
patients for the LAD was 89% (8/9) versus 67% (10/15), the
LCX was 85% (11/13) versus 87% (34/39), and the RCA
was 75% (6/8) versus 70% (26/37). There were no signifi-
cant differences between these two groups of patients.

Corrvect identification of the Extent of Disease
Table 5 shows the relationship between quantitative per-
fusion data and angiographic results with respect to cor-
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rectly identifying the extent of coronary disease (total num-
ber of diseased vessels) in patients using a =50% stenosis
criteria. Of 43 patients with single-vessel disease, the quan-
titative %™ Tc-sestamibi method correctly classified 21
(49%) as single-vessel disease, 14 as double-vessel disease,
1 as triple-vessel disease, and 7 as not having CAD. Of the
35 patients with double-vessel disease by angiography, 15
(43%) were correctly identified as having double-vessel
disease by quantitative *™Tc-sestamibi method. Of the 24
patients with triple-vessel disease by angiography, nine
(38%) were correctly identified as having triple-vessel dis-
ease by quantitative ™ Tc-sestamibi method. Of the total
of 59 patients with multivessel disease, *™Tc-sestamibi
correctly identified 35 (59%) as having multivessel disease,
20 (34%) as having single-vessel disease, and four (7%) as
having normal coronaries. Additionally, there was only
one patient with documented triple-vessel disease by cath-
eterization that had a normal quantitative SPECT study
and there were no patients with normal coronary arteries
who were falsely identified as having triple-vessel disease

Visual Versus Quantitative Analysis

The results comparing visual versus quantitative findings
for overall detection and localization of perfusion abnor-
malities are shown in Table 6. The quantitative results
correlated with those of visual interpretation, with an
agreement of 89% for overall identification of disease. Fur-
thermore, the two methods correlated for the identification
of defects in the territories of different coronary arteries;
88% for LAD, 83% for LCX and 80% for the RCA.

Accurate visual interpretation of myocardial perfusion
SPECT tomograms requires knowledge of the normal pat-
terns of myocardial count distribution in males and fe-
males, which can only be achieved through an extensive
review of normal and abnormal studies. In addition, visual
analysis only offers a subjective indication as to the extent,
severity and reversibility of a defect, and is not optimal for
comparison of serial studies.

The quantitative method in this study uses normal male
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TABLE 5
Accuracy for Correct Vessel Detection (=50% Stenosis)

Quantitative %*Tc Sestamibi Results
NCA 1-Vessel Disease 2-Vessel Disease 3-Vessel Disease
Coronary Angiography Results
NCA 8 6 8 0
1-Vessel Disease 7 21 14 1
2-Vessel Disease 3 14 15 3
3-Vessel Disease 1 6 8 9

and female myocardial distribution data bases and offers an
objective assessment of a patient’s myocardial perfusion.
Integration of the quantitative method with visual interpre-
tation can accelerate the development of the necessary
skills required for the accurate interpretation of these stud-
ies. Importantly, quantitative values derived from the al-
gorithm for the extent of perfusion defects can be used to
objectively stage sequential myocardial perfusion studies.

Prior to widespread clinical application of the method,
several important issues needed to be addressed:

1. Would the accuracy produced in the pilot study (27)
also be obtained in a larger population?

Would similar accuracy be obtained when different
camera/computer systems are utilized?

Would the gender specific normal limits also apply to
populations from different institutions?

In a larger population, what is the accuracy in pa-
tients with and without prior myocardial infarction?
This study was undertaken to address these issues.

Imaging Method

Same-day rest/stress imaging protocol as opposed to
stress/rest protocol was utilized in this study for several
reasons:

2.
3.

4.

1. This protocol allows better assessment of defect re-

versibility as shown by Taillefer et al. (4-6).

The entire study can be completed in 5-6 hr, in fact,

although not a part of this investigation, it is esti-

mated that by increasing the stress dose, the total
time of the study can be reduced to 2 hr with no
further compromise on defect contrast.

. The high dose used for stress images results in high-
quality images and allows for first-pass studies and
multiple gated tomography, which may be useful for
assessing ejection fraction (35-37), wall motion, wall
thickening (38-41) and for ruling out image artifacts.

2.

For processing these studies, previously optimized fil-
ters defined separately for the rest and exercise studies
were used in order to generate tomograms of comparable
image quality from images of different count density (24).
Since various computer manufacturers define filters differ-
ently, optimal filters for each system were determined sep-
arately.

The quantitative method utilized for this analysis (24,27)
included significant enhancements over our previous °'Tl
quantitative techniques (14, 17). The short-axis tomograms
and processing parameters (cavity center and radius of
search) are selected automatically. This feature results in
increased objectivity and reproducibility of the analysis.
An improved method for apical sampling is employed
where the apical portion of the short-axis slices are sam-
pled using a spherical search and the remainder of the
myocardium is sampled using cylindrical search. Both dis-
tance- and volume-weighted polar maps were created, thus
offering an improved technique for visualizing the true size
and location of the defect. A more comprehensive tech-
nique for normalization is employed which involves sam-
pling eight sectors rather than four (17) for determining the
most normal sector. The increased sample size allows for a
more accurate definition of the normal territory to be used
for the normalization process. Varying standard deviations
for the five myocardial regions (apex, anterior, lateral,
inferior, and septum) are used to establish the threshold for
defect detection. Previous approaches utilized a single
standard deviation (17) or a range approach (18) for the
threshold. The varying standard deviations potentially of-
fer a better definition and localization of the defect than the
previous approaches.

The results reported here are based on comparing both
coronary angiographic findings (Figures 1-5, Tables 3-5)
and expert visual interpretation (Table 6).

TABLE 6
% Agreement Between Quantitative and Visual Analysis for Identification of Disease in Patients and in Individual Vessels
Overall LAD LCX RCA
True-Positive 0.94 (98/104) 0.87 (54/62) 0.77 (41/53) 0.78 (50/64)
True-Negative 0.60 (12/20) 0.89 (55/62) 0.87 (62/71) 0.82 (49/60)
Combined agreement 0.89 (110/124) 0.88 (109/124) 0.83 (103/124) 0.80 (89/124)

Validation of Quantitative *™Tc-Sestamibi SPECT ¢ Van Train et al.
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Overall Accuracy for Detection of CAD and Normalcy
Rates

The overall sensitivity for detection of disease in the
total population, MI versus non-MI, male versus female,
and 250% versus 270% stenosis were all similar, ranging
between 89% and 94% (Fig. 1 and Table 4). In addition, the
comparison between sensitivity results derived from the
Type A and Type B sites was also similar, 85% versus 94%
respectively (Fig. 2).

The overall specificity in the normal coronary artery
patients and normalcy rate in the low-likelihood patients
was 36% (8/22) and 81% (30/37) respectively (Fig. 1). Most
likely, the predominant reason for the reduced specificity is
the referral bias in this population. The normalcy rate of-
fers another measure related to specificity which utilizes
patients with a <5% likelihood of having CAD to deter-
mine the performance of the test in a normal population.
The normalcy rate in the female population was consider-
ably lower than the male: 67% versus 86% (Table 4). This
lower specificity in the female population was most likely
due to variable breast attenuation in females. Two of the
three false-positive low-likelihood females had localized
anterior perfusion defects, which were visually interpreted
as breast attenuation artifact. Attenuation artifacts which
can be visually identified explain most of the errors in the
normalcy rate. Of the seven false-positive low-likelihood
CAD patients, only two were also read abnormal by visual
interpretation. Additionally, in the patients who were
found to have normal coronary arteries by angiography,
visual analysis corroborated the quantitative findings in ten
out of 14 of these false-positive patients.

The accuracy for localization of disease in the MI versus
non-MI populations showed no significant difference be-
tween the two populations. The specificity in the LAD
distribution did show a trend for higher specificity, 89% for
MI versus 67% for non-MI, but this was probably due to
the small sample size in this population.

It should be noted that comparative accuracy between
genders (Table 4) was determined with an unequal number
of patients (male = 122, female = 39). While analyzing an
equal number of female patients would have been pre-
ferred, it would have increased the study length consider-
ably since the female patients only represented approxi-
mately 25% of the patient referral population. The female
sample size was similar to our previous 2°'T]1 multicenter
trial validation (20) which demonstrated similar results in a
comparable gender distribution (male = 209, female = 33).

Development of Criteria for Detection of Disease in the
Three Coronary Territories

The criteria for localization of disease in the previous
paper (27) utilized the 2'T1 thresholds (LAD and LCX:
12% and RCA: 8%) for establishing the accuracy for local-
izing CAD. This study involved a further investigation to
establish criteria specific for ™Tc-sestamibi myocardial
perfusion. While the investigation demonstrated no signif-
icant difference in the location of the coronary artery polar
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map boundaries, the criteria were found to be slightly dif-
ferent, being 10% for the LAD and LCX and 12% for the
RCA.

Identification of Individual Diseased Coronary Arteries

There was no significant difference between the two
computer systems in sensitivity or specificity for localiza-
tion of disease. Also, as expected, there was a trend for a
slightly higher specificity and lower sensitivity in each of
the coronary arteries when the =50% stenosis criteria was
used, compared to the 270% stenosis criteria (Fig. 4 and 5).

The lowest sensitivity was experienced in the left ante-
rior descending (69%) and left circumflex (70%) territory.
This lower sensitivity could be attributed to the degree of
stenosis in these vessels. Of the 24 false-negative LAD and
15 false-negative LCX quantitative results, half of these
vessels (13 LAD and 7 LCX) were in vessels with stenosis
size between 50%-60%.

Correct Identification of the Extent of Disease

Table 5 demonstrates that the accuracy for correctly
identifying diseased vessels was less than 50% for single-,
double-, or triple-vessel disease. Similar results have been
reported with 2°'T1 SPECT. One reason for this reduced
accuracy may be that not all diseased vessels develop a
relative flow reduction during peak exercise. Patients with
multivessel disease who undergo stress may have their
exercise capacity limited by the development of ischemia
in the most severely diseased zone. These patients may
only demonstrate a reduction in flow to their most severely
stenosed vessel. Another factor contributing to the diffi-
culty in quantitatively localizing disease is related to the
fixed territories employed in the analysis. An abnormal left
anterior descending coronary artery producing a perfusion
defect often extends out of the LAD territory on the quan-
titative polar map into an adjacent territory. Thus, a single-
vessel disease study is incorrectly called double-vessel dis-
ease by the quantitative technique.

Visual Versus Quantitative Analysis

Table 6 demonstrates that a high degree of correlation
exists between expert visual interpretation and the quanti-
tative results for detection and localization of perfusion
abnormalities. In practice, clinical interpretation of tomo-
graphic studies should involve integrating both visual and
quantitative results. The benefit of integrating the results is
demonstrated in the improvement obtained in the overall
quantitative true negative rate of 60% (12/20) if the visual
results are also considered. Of the eight false-positive pa-
tients three were females and five were males. Two of the
female patients had breast artifact which were read normal
by visual interpretation. In the male population, four of the
five patients had equivocal visual scores and were found to
have a =250% stenosis in their corresponding coronary
artery.

Comparison Versus Thallium-201
Thallium-201 has been the primary agent of choice for
myocardial perfusion imaging over the past 17 years.
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Therefore, a comparison of the multicenter trial quantita-
tive 2°!T1 results (20) with these *™Tc-sestamibi results is
included in this section. This comparison must be viewed
with some caution since the 2°*Tl multicenter trial popula-
tion contained more disease than the current ®™Tc-sesta-
mibi population. The composition of disease in the Z'Tl
versus *™Tc-sestamibi groups included 33% (64/196) ver-
sus 42% (43/102) with single-vessel disease, 37% (72/196)
versus 34% (35/102) with double-vessel disease, and 31%
(60/196) versus 24% (24/102) with triple-vessel disease. The
overall detection of disease was 89% (91/102) in the *™Tc-
sestamibi multicenter trial population. This was similar to
the 2°'T1 multicenter trial results which showed overall
sensitivity of 94% (184/196).

The overall specificity in the normal coronary artery
patients and normalcy rate in the low-likelihood patients
was 36% (8/22) and 81% (30/37) respectively. These values
were not significantly different statistically to the previous
21T] multicenter trial results: 44% (20/46) and 82% (62/76)
respectively.

Technetium-99m-sestamibi had a higher specificity but
lower sensitivity for localization of disease than the previ-
ous 2°'T] multicenter trial results. The sensitivities for 2'T1
versus ®™Tc sestamibi were 78% (115/148) versus 69%
(54/78) for LAD, 68% (66/97) versus 70% (35/50) for LCX,
and 84% (118/141) versus 77% (44/57) for RCA. The spec-
ificities were 63% (59/94) versus 76% (35/46) for LAD, 68%
(98/145) versus 80% (59/74) for LCX, and 62% (63/101)
versus 85% (57/67) for RCA. Overall, there appears to be a
trend for lower sensitivity and higher specificity with
#mTc-sestamibi. This is due in part to the greater preva-
lence of disease in the 2’Tl multicenter trial population
compared to the *™Tc-sestamibi population. However,
one cannot rule out the possibility that the ™Tc-sestamibi
perfusion agent produces defects which are smaller and
less severe than the °'Tl images. Narahara et al. (42)
recently reported results demonstrating that defect size on
stress images with ®™Tc sestamibi is reduced and less
severe than with 2°'T] imaging. However, when the data in
this study was analyzed according to the ability to correctly
identify diseased vessels, there was no trend for the under-
estimation of disease with ®™Tc-sestamibi (Table 5).

LIMITATIONS

As was previously mentioned, localization of CAD was
determined using fixed coronary territories defined on the
polar maps. A more accurate method for localization of
disease would involve incorporating artificial intelligence
rules similar to those employed by experts at the time of
visual interpretation. The problem associated with inter-
preting a single-vessel disease as a double-vessel due to
extension of a defect into an adjacent vascular territory
probably could be correctly interpreted by using a rule-
based expert system. Rules which consider defect size,
shape, and extension would potentially offer a better op-
portunity to correctly localize disease to the proper terri-
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tory. A program incorporating these artificial intelligence
rules is being developed (43) and should improve the meth-
od’s accuracy when using coronary angiography as the
gold standard. Similar rules could be helpful in identifying
attenuation artifacts. The expert visual reader incorporates
location assessment of the defects and defect reversibility
in calling abnormality, although these aspects are not yet
incorporated in the present quantitative program.

The program’s accuracy in female patients is reduced
due to the variable breast attenuation, which is unac-
counted for in this version of the program. For this reason
the program is currently limited to analyzing females with
a breast cup size of B or less. The solution for breast and
diaphragmatic attenuation is to apply a correction method
for scatter and variable attenuation to the patients study
prior to quantitation. This problem is being addressed by
several investigators (44—47) and preliminary animal work
employing their methodology appears promising.

CONCLUSION

These multicenter trial results have demonstrated that
this new objective quantitative analysis method for same-
day rest-stress **™Tc-sestamibi SPECT utilizing gender
specific normal limits is clinically applicable for the accu-
rate detection and localization of CAD in institutions other
than our own. The accuracy obtained was similar for the
two types of camera/computer equipment used in this
study. Finally, in addition to being accurate based on cor-
onary angiography, the program also correlates well with
expert visual interpretation.
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