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This study evaluated the diagnostic accuracy of case-based
reasoning (CBR) to automatically detect significant coronary
artery disease from dipyridamole 20'TI myocardial SPECT per-
fusion scintigrams. Methods: The study population included
240 patients (182 men, 58 women; mean age = SD, 61 = 12y)
on whom coronary angiography and perfusion scintigraphy
were performed within 6 = 11 d of each other. The patients were
divided into two groups according to the presence or absence
of significant coronary disease in any major coronary vessel.
Regional myocardial tracer uptake was observed in 84 seg-
ments by polar map analysis. For each scintigraphic image, a
CBR algorithm based on a similarity metric was used to identify
similar scintigraphic images within the case library. The angio-
graphic results of these similar cases were used to obtain the
CBR reading, which was compared with the true angiographic
results. Myocardial scintigrams were also analyzed by a first-
generation Cedars-Sinai (CS) method, including a comparison
with a reference database, and by the visual analysis of an
expert reader. Results: By receiver-operating-characteristic
analysis, the diagnostic accuracy of CBR was not different from
the interpretation by the CS algorithm and from visual interpre-
tation (P = not significant [NS]). For detection of significant
coronary disease, the respective sensitivities at 50% and 80%
specificity were 90% and 67% for CBR, 88% and 65% for CS
polar map analysis, and 91% and 74% for visual interpretation.
For the detection of coronary disease in the vascular territories
assigned to the left anterior descending and the right coronary
arteries, CBR and CS polar map analysis showed similar diag-
nostic accuracy (P = NS). However, for detection of disease in
the circumflex artery, CS polar map analysis was slightly better
than CBR (P = 0.03). Conclusion: Automated interpretation of
dipyridamole 2°'TI myocardial SPECT perfusion images by CBR
has diagnostic accuracy similar to that of visual interpretation or
CS analysis. Thus, use of a case library that includes a variety of
normal and abnormal perfusion images does not appear to have
greater diagnostic power than use of reference limits.
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M yocardial2'T| SPECT perfusion scintigraphy is an
established noninvasive method for the functional assess-
ment of coronary artery disease. Visual interpretation of
perfusion scintigrams requires experienced readers and is
associated with interobserver variability. Thus, computer-
based methods have been developed that support decisions
with quantitative image analysid<{4). Polar map analysis
and comparison with a database of reference values based
on the Cedars-Sinai (CS) protoc@,9) are widely used to
assess perfusion abnormalities quantitatively. Although
high diagnostic sensitivities and normalcy rates of 80%—
90% have been reported for polar map analysis using the CS
reference database, a low specificity50%) has raised
some concerns about its clinical use.

In recent years, methods of artificial intelligence such as
case-based reasoning (CBR) &nd neural networks7¢9)
have improved the diagnostic accuracy of automated inter-
pretation of myocardial perfusion images. These methods
use the individual diagnostic information of both normal
and abnormal images of a case library and thus can poten-
tially offer better diagnostic accuracy than does polar map
analysis using a database of reference limits that have been
derived by statistical analysis.

This study evaluated and compared the diagnostic ac-
curacy of automated assessment of myocardial perfusion
scintigraphy by CBR, polar map analysis including a
comparison with the CS reference database, and visual
interpretation by an experienced observer for a large
patient population, with coronary angiography as the
reference standard to prove or exclude significant coro-
nary disease.

MATERIALS AND METHODS

Patient Population

A retrospective search of the database at our department
initially identified 1,866 patients who had undergone both cor-
onary angiography and myocardial perfusion scintigraphy.
From this group, patients were excluded if they had been
studied by an imaging protocol other than dipyridam@&l&l
imaging, had been referred for evaluation of myocardial viabil-
ity, had a history of coronary revascularization by either per-
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TABLE 1 derived from a database of patients with a low likelihood of
Distribution of Severity of Coronary Disease coronary disease. The extent of perfusion abnormalities was
calculated for the entire polar map and for three vascular

Degree of T ; ; ; ;
stgnosis 0VD 1 VD VD 3\VD sum territories, which wgre assigned to the left anterior _descendlng
(LAD) artery, the circumflex artery (CX), and the right coro-
>50% 58 70 54 58 240 nary artery (RCA).
>70% 72 52 53 37 240 Preprocessing for CBRTo quantify the distribution of tracer
>90% 105 79 37 19 240 uptake on perfusion scintigrams, polar map images were analyzed
along six concentric rings and across the apical region to derive
VD = vessel disease. values for the average tracer uptake in twelve 30° sectors around
Data are for 240 patients classified according to presence of the circumference (Fig. 1). These 84 numbers were then stored in
coronary stenoses in three major coronary vessels. a data file for inclusion in the case library.
Case Library

cutaneous transluminal coronary angioplasty or coronary arteryEach case in the case library consisted of patient information,
bypass grafting, or had suffered a cardiac event between gwlar map data, and the results of coronary angiography. The case
giography and scintigraphy. With these exclusion criteria, théyrary was assembled from two groups of patients selected ac-
final patient population included 240 patients (182 men, 5&rding to the results of angiography. Group 1 included 58 patients
women; age range, 19-91 y; mean ageSD, 61+ 12y) on iy whom all coronary vessels either were normal or showed only
whom myocardial perfusion scintigraphy and coronary angiogninor juminal irregularities £50% stenosis). Group 2 comprised
raphy had been performed within6 11 d (range, 0-82 d) of 135 patients who had coronary stenosis greater than 90% in at least

each other. Of these 240 patients, 127 (53%) showed a perfis major coronary vessel. We adopted this strategy of patient

sion defect on the resting images indicating chronic myocardighie tion for the case library to include mostly typical rather than

infarction. . o indeterminate patterns of normal and abnormal perfusion scintig-

Coronary stenoses were assessed semiquantitatively from cor-_ . .
. . r%ohy findings.

onary angiography by an expert reader using a 15-segment coro-

nary tree and a 7-point scoring scale, in which 0 was a nor

vessel, 1 was up to 50% stenosis, 2 was 51%-70% stenosis, 3 Wa/inal sis of perfusion images by CBR first involved compilation

71%-90% stenosis, 4 was 91%-99% stenosis with normal flow, ? 3{ P d calcul ? )]( 6712 val pf

was 91%-99% stenosis with reduced flow, and 6 was an occlud®gf Poar map and caiculation ot an array o values for

vessel. The distribution of the severity of coronary disease in the'& ative segmental tracer uptake. T‘he.n, Fhesg 84 integer ngmbers
240 patients is given in Table 1. were evaluated for the degree of similarity with each case in the

case library by calculating a similarity metric as previously de-

Myocardial Scintigraphy scribed 6):
SPECT.Patients underwent dipyridamoR8'TI myocardial

SPECT perfusion scintigraphy according to the standard clini-
cal protocol. After the infusion of dipyridamole (0.66 mg/kg
during 4 min) and injection of 74—-111 MBq (2—3 mC#Tl, 30 }L
projection images were obtained by continuous rotation of the
SPECT camera (Apex 415; Elscint, Haifa, Israel) through
180° arc starting from right anterior oblique 55°. Transaxig

? 330
images (pixel matrix, 64x 64 8-bit; pixel size, 0.34 cm) were ~
reconstructed according to the CS protocol and transferred tojan 300 ,

image analysis workstation for image reorientation, polar map ,

analysis, and automated image processing. Image analysis| by "

the automated methods was applied to only the stress imades, '\ )

30
because detection of disease and not evaluation of viability was

wl &} o] o

60

90

the primary focus. 270
Visual AnalysisVisual analysis by an experienced observer was (
based on the stress images, rest images, and sex of the patjent. ‘
Coronary angiography results and projection data were not avail- \\
able to the observer. Long- and short-axis images were interpreted \
for the presence of coronary artery disease based on a 5-pgint 240 \
scoring scheme routinely used for clinical readings: normal, equiv-
ocal, mildly abnormal, moderately abnormal, and severely abnor- 210 150
mal. Visual scoring for individual coronary territories was not paft
of the standard clinical reading protocol and thus was not availatrle 180
for this study.
Polar Map Analysis.Polar map analysis was based on FIGURE 1. Segmentation of polar map (12 sectors, 6 rings,
first-generation CS method using commercial softwargnd apical region) for processing by CBR algorithm using sim-
(Elscint). The polar maps were compared with normal valuélarity metric.

20
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temporarily removed from the case library; and then presented to
the CBR system as a case for evaluation. Thus, for the ROC
analysis, each case in the case library is associated with the scores
derived from the CBR system, the extent of perfusion abnormal-
ities derived from polar map analysis, and the visual grading
indicating the presence of disease.

Implementation

The CBR system was developed using C and Visual AgetC
on an OS/2 image analysis workstation (Xpert; Elscint). A propri-
etary command language (CLIP; Elscint) was used to integrate the
CBR system with the commercial analysis software for image
processing. With this approach, the automated diagnostic assess-
ment of the CBR system was immediately available to the user
after the results of the polar map analysis had been calculated.

True Positive Rate

I RESULTS

i | | |
0 02 04 06 08 1 . .
Detection of Coronary Artery Disease
False Positive Rate The diagnostic accuracy of CBR, polar map analysis, and
visual interpretation for the detection of significant coronary
FIGURE 2. ROC analysis for detection of significant coronary ~ disease was similar by ROC analysis (Fig. 2). The area
artery disease (>70% stenosis) for CBR, polar map analysis (CS  under the ROC curve was 0.82 for CBR, 0.81 for polar map
method), and visual interpretation (V). analysis, and 0.85 for visual interpretatid® € not signif-
icant [NS]). At a specificity of 50% and 80%, the respective
fori =1 to 84 sensitivities were 90% and 67% for CBR, 88% and 65% for

if|current case.segment case in case library.segmgnt tolerance range ~ polar map analysis, and 91% and 74% for visual interpre-
|current case.segment case in case library.segmgnt tation (Fig. 3)_

similar ;=1 —
tolerance range
else Location of Coronary Artery Disease
similar, :=0 . . .
end if For the detection of coronary disease in the vascular
o o weight X similar territories assigned to the LAD artery and the RCA, CBR
similarity score =similarity scoret+ —g———7— . . . .
2%, weight and polar map analysis showed similar diagnostic accuracy
end for by ROC analysis (areas under the ROC curves, CBR vs. CS:

This similarity metric represents the weighted sum of differ0.82 vs. 0.81 for LAD arteryP = NS; 0.73 vs. 0.73 for
ences between segmental uptake values of the index case andRBA, P = NS) (Fig. 4). However, for detection of disease
case in the case library. From the case library, the five cases withthe CX, polar map analysis showed a slightly better
the hlghest degree of SImIIarlty were retrieved and their Corrg'iagnostic accuracy for CS than for CBR (area under the
sponding angiographic data were used to calculate a disease sgggc curve, CBR versus CS: 0.69 versus 0R5s 0.03).
for each of the three major coronary vessels according to tkﬁhe sensitivity of CBR and polar map analysis for the
formula: detection of coronary artery disease in each of the three
2, similarity score X VD value

>>_, similarity score

vessel score=

The VD value for a case in the library is a binary numbdr 100+
indicating the presence (value of 1) or absence (value of 0) |of 90 88 9
coronary artery disease in each vessel. Therefore, the vessel store  gg | - 50%
ranges from 0 to 1 and should estimate the likelihood of diseasq in o 67 65 D Spec
each vessel for the presented case. The maximum of the three go
vessel scores was considered the diagnostic readout of the JBR% o
system for the presence of significant coronary disease. § 40~ . ggé‘;
Analysis of Diagnostic Accuracy 20

Receiver-operating-characteristic (ROC) analysis was used|to
compare the diagnostic accuracy of CBR, polar map analysis, gnd 0
visual interpretation X0). The results of coronary angiography CBR ! cs Vi
were taken as the reference standard, and significant coronary

disease was considered present when at least one major vesseHi@RE 3. Sensitivity for detection of significant coronary
more than 70% stenosis. For evaluation of the CBR applicatiofisease at 50% and 80% specificity for CBR, polar map anal-
each of the 240 cases was taken as a test case; if necessaig,(CS method), and visual interpretation (VI).
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FIGURE 4. ROC analysis for detection of significant coronary artery disease (>70% stenosis) in each of three vascular territories
(LAD artery, left CX [LCX], and RCA) for CBR and polar map analysis (CS method).

major coronary vessels at 50% and 80% specificity is dia- database of reference values to characterize the extent

played in Table 2. and severity of perfusion defects. Polar map analysis as
developed at the Cedars-Sinai Medical Center has been
DISCUSSION reported to be associated with 96% sensitivity, 56% speci-

This study compared the assessment of myocard{§ity, @nd an 86% normalcy rate in a single-center experi-
SPECT perfusion scintigrams by two automated, computét?ce ). A multicenter trial has revealed similar diagnostic

based methods—CBR and polar map analysis based on #€uracy ¥).

CS comparison with a reference database—and by the viA first-generation CS method as applied in this study uses
sual interpretation of an experienced observer. In a largedatabase obtained from healthy volunteers to assess the
population comprising 240 patients who had been studi@gesence and extent of coronary artery disease. A different
by myocardia| Scintigraphy and coronary angiography, tr@pproach, such as CBR, that also includes individual infor-
diagnostic accuracy by ROC analysis for the overall dete@ation from myocardial scintigrams with normal and ab-
tion of significant coronary disease was similar among ti@rmal findings can be expected to exhibit improved diag-
three methods studied. nostic accuracy. However, the current study shows that the

Visual interpretation of myocardial scintigrams requiregiagnostic accuracies of CBR and a first-generation CS
experienced observers and is associated with interobseragalysis are similar. Improved versions of the CS methods
variability. In particular, diagnostic accuracy may varhave recently been developed. However, these algorithms
within and among observers, is tedious to quantify, and \igere not available for this study and thus could not be tested
difficult to standardize. Thus, automated methods have besgainst CBR.
developed that support the decisions of less experiencedCBR used data from images obtained only after dipyrid-
readers and exhibit diagnostic accuracies at well-establistedole stress; data from images obtained with the patient at
levels. rest were not included in the database. Also, patient data

Polar map analysis has been used to quantify regiorsaich as sex and age were not considered during similarity
myocardial tracer uptake and detect perfusion abnormatesting. Thus, whether inclusion of these additional data into
ties. The polar map data for a patient can be compared withsimilarity metric affects the diagnostic accuracy of CBR
remains undetermined.

Although diagnostic accuracy in detecting coronary
artery disease overall was not significantly different
from that for the LAD artery and RCA territories, the
polar map approach showed slightly better accuracy

TABLE 2
Sensitivity of Two Methods for Detection of Disease in
Three Vascular Territories at 50% and 80% Specificity

Vascular Specificity in identifying disease in the CX territory. The rea-

territory Method 50% 80% sons for this difference are not obvious. Although this

L AD CBR 7% 9% effect may be cggsed by chance alpne, other causes may
cs 87% 71% be the composition of the case library, known varia-

Left CX CBR 72% 50% tions in the angiographic tree of the CX artery, or polar
cs 80% 57% map analysis. However, this difference, although statis-

RCA CBR 79% 53% tically significant, does not appear to be of clinical rele-
cs 80% 53%

vance.
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