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Quantitative Analysis of Dipyridamole-Thallium Images for the
Detection of Coronary Artery Disease

TERRENCE D. RUDDY, MD, FACC, HUMBERTO R. DIGHERO, MD, JOHN B. NEWELL, BA,
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To determine if the detection of coronary artery disease
by dipyridamole-thallium imaging is improved by 1)
quantitative versus qualitative analysis, and 2) combin
ing quantitative variables, 80 patients with chest pain
(53 with and 27 without coronary artery disease) who
underwent cardiac catheterization were studied. Seg
mental thallium initial uptake, linear clearance, mono
exponential clearance and redistribution were measured
from early, intermediate and delayed images acquired
in three projections. Normal values were determined
from 13 other clinically normal subjects.

When five segments per view were used for quanti
tative analysis, sensitivity and specificity were 87 and
63%, respectively, for uptake, 77 and 67% for linear
clearance, 60 and 60% for monoexponential clearance
and 62 and 56% for redistribution. Of the four variables,
uptake and linear clearance were the most sensitive (p
< 0.01) and specificitydid not differ significantly. Using
three segments per view, the specificity of uptake in
creased (p < 0.05) to 78% without a significant change
in sensitivity (85%). With this approach, sensitivity and
specificitydid not differ from those of qualitative analysis
(85 and 78%, respectively).

Thallium imaging after dipyridamole infusion is an alter
native to exercise thallium imaging for the evaluation of
coronary artery disease (1-5). Quantitative analysis of ex
ercise thallium images improves diagnostic accuracy when
compared with visual analysis alone (6-8). In addition, the
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Stepwise logistic regressionanalysisdemonstrated that
the best quantitative thallium correlate of the presence
of coronary artery disease was a combination variable
of "either abnormal uptake or abnormal linear clear
ance, or both." Usingfive segmentsper view, the model's
specificity (85%) was greater than that of uptake alone
(p < 0.02), with similar sensitivity (92%). Using three
segments per view, the model's specificity (93%) was
greater than that of uptake alone (p < 0.05) and of
qualitative analysis (p < 0.05), with similar sensitivity
(85%). Compared with qualitative analysis, the diag
nostic accuracy of the model was greater using either
five segments (90 versus 82%, p < 0.01) or three seg
ments (88 versus 82%, p < 0.05) per view.

Quantitative analysis of dipyridamole-thallium im
ages using single individual variables provides results
comparable with those of qualitative analysis and this
can be further optimized when a combination of quan
titative variables is used.

(J Am Coll CardioI1987;LO:142-9)

observer variability with objective computer techniques is
less than has been reported with subjective visual analysis
of thallium images (8-10). However, the application of
quantitative analysis to dipyridamole-thallium images has
not been widely reported and its diagnostic value is uncertain
compared with that of qualitative analysis.

Quantitative analysis of exercise thallium images has em
ployed abnormal thallium uptake, clearance and redistri
bution as criteria for detection of coronary artery disease
(6-8,11). Previous studies with exercise thallium imaging
have indicated that some of the quantitative variables cor
relate better with the angiographic presence of coronary
artery disease than do others and that a combination of
variables is superior when compared with each alone (8)
and with visual assessment (12). Because thallium kinetics
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after dipyridamole are different from those after exercise,
(13), one should notassumethat the relativediagnostic value
of these criteria after dipyridamole is similar to that after
exercise. Accordingly, we measuredsegmental thalliumup
take, clearanceand redistribution in 80 catheterized patients
with chest pain who underwent dipyridamole-thallium im
aging. The segmental thallium values of these 80 patients
werecompared withcriteriaderived from a second, separate
group of 13 clinically normalsubjects witha low probability
of coronary artery disease. The sensitivity, specifi city and
diagnostic accuracy of these quantitative thallium variables
weredeterminedand comparedwith the results of qualitative
analysis. Using stepwiselogistic regression analysis to com
pare variables, thecombinationof quantitative variables that
best differentiated patients with and withoutcoronary artery
disease was defined. Our study demonstrates the feasibility
of quantitative analysis of dipyridamole-thallium images in
comparison with qualitative analysis.

Methods
Study patients. There were two study groups. One group

comprised 80 patients with a chest pain syndromewho were
referred for coronary arteriography. The second group com
prised 13 clinically normal subjects who did not undergo
cardiac catheterization and who were studied with dipyr
idamole-thallium imaging to definea normalrangeof quan
titative dipyridamole-thallium variables.

The 80 patients who had cardiac catheterization were
classified into two subgroups: 53 patients with coronary
artery disease (43 men and lO women, mean age 54 ± 10
years) and 27 patients with no coronary artery disease (12
men and 15 women, mean age 51 ± 9 years). Of the 53
patients with coronary artery disease, 21 had one vessel, 14
had two vessel, 18 had three vessel and none had left main
disease; 28 had had a previous myocardial infarction.

The /3 normal subjec ts (9 men and 4 women, mean age
24 ± 4 years) were volunteers with no history of cardio
vascular disease, systemic hypertension or other significant
illnesses. All were nonsmokers and took no medication. All
subjects had normal findings on cardiovascular examination
and hada normalelectrocardiogram(ECG) at rest andduring
exercise.

Subjects signed a consent form approved by the Mas
sachusetts General Hospital Subcommittee on HumanStud
ies on December 20, 1983. The anticipated whole body and
renal dosimetry for the thallium-201 tests was 0.52 and 2.2
rem, respectively, per 2.0 mCi of thallium-20!.

Coronary arteriography. Coronary artery disease was
definedas a 2::50% luminal narrowingof one or more major
coronary arteries or their major branches on the basis of the
average score of two independent experienced observers
who were unawareof the thallium scan findings . The major
branches included 1) the first diagonal branch of the left

anteriordescending artery, 2) obtuse marginal branchof the
left circumflex artery, and 3) posterior descending branch
of the right coronary artery in a right dominant system, or
left circumflex artery in a left dominant system (three pa
tients). A ramus intermedius artery was considered equiv
alent to the diagonal branch of the left anterior descending
artery.

Acquisition of dipyridamole-thallium images. The di
pyridamole infusion protocol has been described previously
(2,14). At the beginning of the test, a peripheral intravenous
infusion line was established in an antecubital vein. Heart
rate, blood pressure and a 12 lead ECG were monitored
throughout the procedure. The subject lay supine on a tilt
table. Dipyridamole for intravenous injection was obtained
from Boehringer-Ingelheim, under an investigational ex
emption for a new drug (no. 19,728). Dipyridamole was
infused intravenously at a rate of 0.14 rug/kg per min for
4 minutes. Intravenous aminophylline was available for the
reversal of severe side effects such as nausea or dizziness.
At the end of the 4 minute dipyridamole infusion, the table
was tilted upright. Three minutes later 2.0 mCi thallium
201 was injected intravenously and flushed with a bolus
through the indwelling intravenous catheter. The table was
tilted back flat I minute later and imaging was begun. Three
sets of 8 minute planar images wereobtained in the anterior,
50° and 70° left anterior oblique projections, as described
previously (2, 13). Early images were obtained starting at 2
to 9 minutes (mean 6 ± I minutes) after injection of thal
lium-201 , intermediate images at 24 to 46 minutes (mean
36 ± 4 minutes) and delayed images at 90 to 259 minutes
(mean 164 ± 34 minutes). All patients and normal subjects
were in the fasting state until after the delayed images were
acquired.

Qualitative analysis of dipyridamole-thallium im
ages. The thallium images were viewed on a computer
display, as described previously (10,15). Each image was
interpreted by three independent observers who were una
ware of the patient's cardiac catheterization findings or clin
ical history, and the results were averaged. The left ventricle
was divided into three segments per view. Activity of thal
lium in each segment was subjectively graded using a five
point scale in which 2 was normal and 0 indicated no ac
tivity, with half-grades permitted. In all segments except
for the apical segment, a score of 2 was considered normal.
In the apical segment, a score of 2:: 1.5 was considered
normal. Redistribution (the " fi lling in" of an initial per
fusion defect on the delayed image) was defined as an in
crease between initial and delayed image of 2::0.5 on the
fi ve point scale.

Quantitative analysis of dipyridamole-thallium im
ages. A previosuly describmed computer method was used
to determine myocardial thallium activity on a segmental
basis (8,12,16,17). In brief, an elliptical region of interest
was placed around the left ventricle and the region corre-
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sponding to the valve planes was excluded. The steps of
serial image registration , background subtraction and de
termination of thallium-20 1 activity in five equal-sizedseg
ments per viewin theearly, intermediate anddelayedimages
were automatically carried out. These segments were num
bered I to 5 clockwisearoundthe left ventricle withsegment
3 always representing the apex. The count activities within
the myocardium in the three imagesof each projection were
normalized to the 3 x 3 pixel region, with the greatest
thallium activity in the ellipse of the early image, and rep
resent relative thallium uptake expressed as a percentof the
maximum. Segmental thallium activity of the intermediate
and delayed images was also normalized a second time, to
the 3 x 3 pixel region, with the greatest thallium activity
within the ellipse of the image being analyzed. Once seg
mental thallium activitywas measured , segmental clearance
and redistribution were calculated. The normal limits of
segmental quantitative thallium values were defined as 2.5
SD from the mean observed in the normal group, and are
detailed in Table I. The interobserver and intraobserver
variability of this computer method of determining seg
mental thallium activity has been determined to be very
small (8).

Four aspects of myocardial thallium kinetics were com
pared in the patient group: uptake, linearclearance. mono
exponential clearance and redistribution . These variables
were analyzed using both the early image and the inter
mediate image as the initial image.

I ) Uptake. A segmentof a specific imagewasconsidered
abnormal if the measured value was less than the lower
normal limit for that specific segment and image. The nor
mal lower limits for uptake in the early and intermediate
images are shown in the second and third columns of
Table I.

2) Linear clearance. This was calculated as the percent
decrease in the thallium activity between the initial and
delayedimage andexpressed as percent perhour. This method
assumes a linear model for thallium clearance. A segment
was considered abnormal if the measured linear clearance
value was less than the lower normal limit for that specific
segmentand image pair. The normal lower limits for linear
clearance are shown in the fourth and fifth columns of
Table I.

3) Monoexponential clearance. This was calculated by
fitting a monoexponential curve to the unnormalized thal
lium activity in the initial and delayed images, knowing the
time interval between these images and assuming that ac
tivity at infinite time was zero. A rnonoexponential fit was
chosen because of experimental evidence, obtained in anes
thetized dogs monitored continuously with cadmium tellur
ide probes, indicating that myocardial thallium clearance
after dipyridamole infusion is monoexponential (18). Mono
exponential clearance was expressed as a half-life of thal
lium in each segment in hours. A segment of a specific
image was considered abnormal if the measured monoex
ponential clearance half-life value was negative (indicating
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Table 2. Thallium Uptake. Clearance and Redistribution Data in 80 Patients

No CAD CAD
Thall ium Variable (n ~ 27) (n ~ 53 ) P Value

Uptake (% )

Early image 78.4 :!: 13 .7 72.2 :!: 17.6 0.00 1
Intermediate image X5 .8 :!: 15.1 78.5 :!:: IY.7 0.0005

Linearclearance (%/h)

Early to delayed image 4.1 :!:: 11.3 - 2.8 :!:: 17.1 (l.01
Intermediate todelayed image 7.8 :!:: 11.2 3.2 :!:: 13.9 0.05

Monoexponential clearance ( 1/h)

Early to delayed image (l. 09 :!: 0.17 -0.01 :!:: (l.() I 0.005
Intermediate to delayed image 0.15 :!: 0.18 0.07 :!: 0.01 (l.05

Redistribution ( %)

Early to delayed image 9.0 :!:: 14.0 8 8 :!:: 13.5 NS
Intermediate to delayed image 1. 6 :!:: 13 .2 2.5 :!:: 13.4 NS

CAD = coronary artery disease on angiography. NS = P > 0.05 .
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redistribution) or positive and greater than the upper normal
limit for that segment. The normal upper limits for mono
exponential clearance half-lives are shown in the sixth and
seventh columns of Table I .

4) Redistribution. Redistribution for each segment was
determined by normalizing the 3 x 3 pixel myocardial
segment with the greatest thallium activity of the delayed
image to 100% and by calculating the difference in relative
thallium uptake between the delayed and initial images. A
segment of a specific image was considered abnormal if the
measured redistribution value was greater than the upper
normal limit for that segment. The normal upper limits for
redistribution for normal subjec ts are shown in the eighth
and ninth columns of Table I .

Quantitative variables for detection of coronary ar
ter y disease. The criteria of uptake. linear and monoex
ponential clearance and redistribution were used to define
eight separate diagnostic variables (four using the early irn-

age as the initial image and four using the intermediate
image as the initial image). These single criterion variables
were considered abnormal for a patient if a single segment
was determined to be abnormal. In addition. double criteria
variables were created by combining two single criteria on
a segmental basis to create variables with greater specificity
or sensitivity. Only certain combinations of variables were
used.

Uptake was combined with clearance in two ways : I )

•.uptake and clearance" was abnormal for a segment if both
uptake and clearance were abnormal. and 2) uptake or clear
ance was abnormal for a segment if either uptake or clear
ance. or both. was abnormal. In this way. uptake was com
bined separately with linear clearance and monoexponential
clearance. Uptake was also combined with redistribution as
" uptake and redistribution." which was abnormal for a
segment if both uptake and redistribution were abnormal.
Double criteria variables were derived using the early image

Table 3. Sensitivity. Specificity and Diagnostic Acc uracy (%) of Each Quantitative Thallium
Variable Based on Single Criteria

Five Segments/V iew Three Segments/View

Sens Spec Ac e Sens Spec Ace
Variable (%) ( if) ( 'K ) (%) ( 'K ) (%)

Uptake
Early X7 03 79 85 78* 82
Intermediate 70* 67 09+ 68* 07 68*

Linear clearance
Early to delayed 77 4X 67 68* 59 65
Intermediate to delayed 77 48 68 70* 52 64

Monoexponential clearance
Early to delayed 60 5Y 60 45t 70 54
Intermediate to delayed 75* 52 68 66* 52 61*

Redistribution
Early to delayed 02 44 50 58 44 54
Intermediate to delayed 53 48 5I 42*t 55 46

*p < 0.05; tp< 0.01(fi ve versus three segmentsper view) ; tp< 0.05;*p < 0.01 (earlyversus intermediate
image as the initial image) . Acc ~ diagnostic accuracy; Sens ~ sensitivity; Spec = speci ficity.
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Table 4. Effect on the Sensitivity and Specificity of Uptake by Adding a Second Criterion to
Derive a Double Criteria Variable

Five Segments Three Segments

Sens Spec Sens Spec
Variable (%) (% ) (0/0) (%)

Uptake 87 63 85 78
Uptake and linear clearance 64t 78' 57t 85
Uptake and monoexponential clearance 43t 82' 36t 89
Uptake and redistribution 38t 89t 34t 89
Uptake or linear clearance 94' 37t 89 67
Uptake or monoexponential clearance 92 48' 89 67

' p < 0.05: tp < 0.01 (uptake alone versus uptake with a second criterion). Abbreviations as in Table 3.
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as the initial image and also using the intermediate image
as the initial image, resulting in 10 double criteria variables.

Statistical analysis. All values were expre ssed as mean
± I SD. To determine the significance of differences in
mean values of uptake , clearance and redistribution between
patients with and without coronary artery disease, a mul
tivariate analysis of variance was used (BMDP:P4V, De
partment of Biomathematics, University of California at Los
Angeles, revised 1983). Sensitivity, specificity and diag
nostic accuracy were compared using the McNemar test
(BMDP:P4F) for correlated proportions.

Using stepwise logistic regression, a mathematical model
of the probability of coronary artery disease was derived
from the quantitative thallium variables (8, 12, 15). For each
myocardial segment of each patient , 18 variable s (8 single
and 10double criteria ) were evaluated for abnormality. The
number of abnormal segments was summed for each vari
able. Stepw ise logistic regres sion analysis (BMDP:PLR)
chose variable s to include in the model according to their
ability to correlate with the presence of coronary artery
disease. Potent ial variables were ranked in the order of their
individual relation to the presence of disease using their chi
square values . Variables were included first in the model
on the basis of their chi-square values . The model describes
the correlation between the selected variables and the pres
ence of coro nary artery disease as a probability or likelihood
function with the coefficients of each variable in the model
being adjusted to maximize the likelihood in the observed
sample of 80 patients. As each variable is entered into the
model , the probability or likelihood of disease increase s and
the log-determined likelihood of disease becomes less neg
ative. Thus, the increases in log likelihood observed as each
variable is entered into the model indicate a better correlati on
of the model with the presence of disease .

The probability of coronary artery disease (from 0 to
1.0) for each patient was determined using the derived prob
ability function of the model using the quantitative thallium
data. After choosing a "threshold probabil ity" above which
the diagno sis of disease was acceptable , the sensitivity,

specificity and diagno stic accuracy of the model were de
termined .

In a previous study (8) of quantitative analysis of exerci se
thallium images , specificity was improved without loss of
sensitivity by excluding the two basal segments (segments
1 and 5) in each view from the analysis. Accordingly, the
sensitivity, specificity and diagno stic accuracy of the same
quantitative variables were derived using three segments per
view (excluding the basal two segments in each view) and
were comp ared with those obtained using five segments per
view.

Results
Comparison of uptake, clearance and redistribution

(Table 2). Mean segmental thallium uptake was signifi
cantly less in the patient s with coronary artery disease . Mean
linear and monoexponential clearance was significantly slower
in patients with coronary artery disease. However, mean
redistribution was not significantly different between the two
groups.

Sensitivity, specificity and diagnostic accuracy of
quantitative variables. The sensitivities, specificities and
diagno stic accuracies of the single criteria variables are de-

Table S. Univariate Ranking of the Top Five Quantitative
Thallium Variables in Order of The ir Individual Ability to
Predict the Presence of Coronary Artery Disease

Chi-Square

Log
Variable Value p Value Likelihood

Uptake or linear clearance 62.4 0.0001 - 20.0
Uptake and redistribution 49.6 0.0001 - 26.3
Uptake 45.8 0.0001 -28.2
Uptake or 40.1 0.0001 -30.1

monoexponenrial
clearance

Uptake and linear 38.0 0.0001 - 32.2
clearance
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Step

o
I

2

Variable Entered

Uptake or linear clearance
(early to delayed image)

Uptake and linear clearance
(early tn delayed image)

Log
Likelihood

- 51.2
- 20.0

- 17. 1

Improvement

Chi-square p Value

62.4 0.0001

4.5 0.03

tailed in Table 3. Of the variables based on single criteria,
uptake in the early image had the greatest diagnostic ac
curacy (p < 0.0 I).

The effect of using the intermediate image as the initial
image, rather than the early image, on sensitivity, specificity
and diagnostic accuracy is also shown in Table 3. Sensitivity
and diagnostic accuracy decreased significantly for uptake.
whereas sensitivity increased for monoexponential clear
ance.

The effect of using three rather than five segments per
view (excluding the basal segments) on sensitivity. speci
ficity and diagnostic accuracy is also shown in Table 3.
Specificity of uptake in the early image significantly in
creased, whereas sensitivity significantly decreased for lin
ear clearance, monoexponential clearance and redistribu
tion.

The sensitivities and specificities of the double criteria
variables are shown in Table 4. Variables based on the
combined criteria of " uptake in the early image and a second
criterion (linear or monoexponential clearance or redistri
bution)" had significantlygreater specificity using five seg
ments per view, but had lower sensitivity using either five
or three segments per view compared with uptake alone.
Variables based on the combined criteria of "uptake or a
second criterion (linear or monoexponential clearance)" us
ing fi ve segments per view had significantly greater sensi
tivity but lower specificity compared with uptake alone.

Combining the quantitative thallium variables. Of the
18 potential quantitative thallium variables based on single
and double criteria using fi ve segments per view. the initial
univariate ranking of the top fi ve variables in order of their
individual relation to the presence of coronary artery disease
is shown in Table 5. Variables with the best correlation with
the presence of coronary artery disease have the least neg
ative log likelihood values. All of the variables chosen used
the early image and not the intermediate as the initial image.

When these variables were analyzed in a stepwise logistic
regression analysis , only two were chosen: I) " uptake in
the early image or linear clearance measured between the
early and the delayed image" and 2) " uptake in the early
image and linearclearance between the early and the delayed
image" (Table 6). The first variable entered, "uptake or
linear clearance," resulted in a major increase in log like-

lihood and had a large improvement chi-square value. The
second variableentered, "uptake and linear clearance." had
a smaller effect on log likelihood and a smaller but signif
icant improvement in chi-square value. The final model
describedthe probability of coronary artery disease [P (CAD)] .
using the following equation:

P (CAD) = e( - 3.15+ 1.8a + I.7b) .
I + e ( -3.15+ 1.8a+ 1.7b)

where - 3.15 is a constant. a = number of segments with
"abnormal early uptake or abnormal linear clearance or
both." and b = number of segments with" abnormal early
uptake and abnormal linear clearance. "

The probability of coronary artery disease (from 0 to
1.0) for each patient was determined using the probability
f unction. A range of sensitivities, specificities and diag
nostic accuracies can be determined for the model depending
on the threshold probability chosen as the probability above
which the diagnosis of disease is made (Table 7). Increasing
the threshold probability necessary for the diagnosis of dis
ease maximizes specificity. whereas a decrease in the thresh
old probability increases sensitivity. For this analysis using
five segments per view, we chose a threshold probability
of 0.45. resulting in a sensitivity of 92% and a specificity
of 85%. Compared with the variable of uptake. which was
the best single criterion variable using fi ve segments. the
regression model significantly improved specifi city and di
agnostic accuracy while maintaining sensitivity (Table 8).

Using three segments per vieIl' , a similar logistic regres
sion model was derived from the same double criteria vari
ables. This model had a sensitivity of 85% and a specificity

Table 7. Sensitivity. Specificity and Diagnostic Accuracy (% )
of the Regression Model Using Five Segments per View
With Corresponding Threshold Probabilities of Coronary
Artery Disease

Diagnostic Threshold
Sensitivity Specificity Accuracy Probability

100 37 79 0. 12
92 X5 90 0.45
85 93 89 0.59
X3 96 8X 0 75
81 100 XX 0.89
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Table 8. Comparison of the Sensitivity. Specificity and Diagnostic Accuracy of Qualitative and
Quantitative Analyses (uptake and the regression model)

Diagnostic
Sensitivity Specificity Accuracy
(n = 53) (n = 27) (n = 80)

Analysis (%) (%) (% )

Qualitative
Initial defect 85 78 82
Redistribution 6611 78 7011

Quantitative (five segments)
Uptake 87 63* 79
Model 92 85:1: 90t ,§

Quantitative (three segments)
Uptake 85 78 82
Model 85 93*,:1: 88*.:1:

*p < 0.05; t p = 0.01 (versus qualitative-initial defect); +P < 0.05; §p < 0.01 (uptake versus model);
lip < 0.01 (initial defect versus redistribution) .

JACC Vol. 10. No. 1
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of 93%, values similar to the results of the model based on
data from five segments per view. Compared with the vari
able of uptake, which was the best single quantitative vari
able using three segments per view, the regression model
significantly improved specificity and diagnostic accuracy
without loss of sensitivity (Table 8).

Comparison of qualitative and quantitative analyses.
The comparison of the sensitivities. specificities and diag
nostic accuracies of qualitative and quantitative analyses is
shown in Table 8. Using five segments per view, comparing
qualitative and quantitative analysis. qualitative analysis had
significantly greater specificity. However. the regression
model based on two combined criteria variables had sig
nificantly greater diagnostic accuracy than did qualitative
analysis and had similar sensitivity and specificity.

Using three segments per view , qualitative and quanti
tative analysis had similar sensitivity. specifi city and di
agnsotic accuracy. However. the regression model based on
two combined criteria variables using three segments per
view had significantly greater specificity and diagnostic ac
curacy than did qualitative analysis, with similar sensitivity.

Discussion
Quantitative versus qualitative analysis. Quantitative

analysis based on thallium kinetic data was applied to di
pyridamole thallium imaging and achieved results that were
comparable with or superior to those of qualitative analysis
by three reviewers, depending on the quantitative approach
used. Using three segments per view, the sensitivity, spec
ifici ty and diagnostic accuracy of initial thallium uptake in
the early image were similar to those of qualitative analysis.
In a second approach. logistic regression analysis was used
to select among several quantitative thallium variables to
form a probability model that signifi cantly improved spec
ificity and diagnostic accuracy compared with those ob-

tained with the single quantitative variable of uptake. Also,
this regression model based on data using three segments
per view had significantly greater specificity and diagnostic
accuracy than did qualitative analysis.

Single quantitative thallium variables. The best single
quantitative thallium variable for the detection of coronary
artery disease using dipyridamole imaging was uptake in
the early image. This criterion was also chosen as the single
most important quantitative marker for coronary artery dis
ease in a previous study of exercise thallium imaging (8).
The use of linear or monoexponential clearance as an ad
ditional criterion " abnormal uptake or abnormal clearance
or both") resulted in a large significant reduction in spec
ificity with minimal improvement in sensitivity. Thus. the
quantitative variable of clearance appears to be less useful
with dipyridamole imaging than has been reported with ex
ercise imaging using a similarquantitative approach (6.7.11 ).
Furthermore. because dipyridamole and exercise are dif
ferent stresses. it is likely that the myocardial clearance to
be anticipated with each stress is different.

In a previous preliminary study (13). we examined the
possible diagnostic role of quantitative analysis of thallium
clearance after dipyridamole infusion. Clearance rates in the
previous study were derived using a rnonoexponential model
from data obtained without background subtraction from
manually drawn regions of interest placed on images ac
quired at intermediate and delayed imaging times. Using
criteria for abnormality based on canine studies. a sensitivity
of 75% and a specificity of 85% were obtained in a study
of 66 patients. Compared with the results of our current
study using monoexponential clearance measured from the
intermediate to the delayed image, sensitivity is similar but
specifi city differs with a lower specifi city of 52% in our
current study, This difference in specifi city may be related
to the use of different criteria for abnormality and the use
of background subtraction in our study.
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Effect of a delay in obtaining the initial images. With
exercise thallium imaging, redistribution may occur early
(19.20) and result in filling in of defects observed on the
early image. Previously. we have shown (21 ) that a delay
of 18 minutes in obtaining the initial thallium images after
exercise resulted in decreased sensitivity with no change in
specificity. In our study. we demonstrated decreased sen
sitivity and diagnostic accuracy using the variable uptake
from the intermediate image compared with the early image
with no difference in specificity. Thus. imaging after di
pyridamole infusionshould begin within minutesof thallium
injection. as with exercise.

Value of combining variables. Using stepwise logistic
regression, a mathematical model describing the probability
of coronary artery disease was derived. Two double criteria
variables were chosen over single variables: "uptake or
linear clearance," a variable with high sensitivity and' ' up
take and linear clearance," a variable with high specificity.
According to the derived probability function. the proba
bility of disease increased as the number of abnormal seg
ments increased. Segments that were abnormal by the more
specific variable were weighted more heavily. This approach
allows the degree of scan abnormality to be expressed as a
probability of disease. The clinician can then interpret this
test probability as being a positive or negative test result.
depending on the threshold probability of disease considered
acceptable for the presence of disease. The sensitivity and
specifici ty of the test can be varied by changing the threshold
probability, according to the test indication. For example.
for screening purposes a low threshold probability could be
used.

Clinical implications. Objective computer methods of
analyzing dipyridamole-thallium images provide results
comparable with those of qualitative analysis and with less
observer variability. Combining quantitative variables in a
logistic regression model optimizes the quantitative ap
proach and leads to improved specificity.

We acknowledge the technical assistance of Maureen McCarthy. Gerard
COlier and William Shea.
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