Clinical usefulness of
thallium-201 scintigraphy in
the study of coronary artery
disease: a comparison of two
exercise systems

Exercise-related thallium-201 (*'Tl) scintigra-
phy has become an established diagnostic technique
in the study of coronary artery disease."™ Its pre-

Donald A. Underwood, M.D. dictive value, like that of stress electrocardiography
Gustavo Rincon, M.D. or any other diagnostic test, varies according to the
John Yiannikas, M.D. likelihood of the disease in any given population,’

but in the study of symptomatic patients, or those
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identified as at risk, it often provides information

Sebastian A. Cook. M.D. about the extent as well as the presence of disease.
William J MacInt’yre Ph.D. A recent review by Okada et al,' which combines
Raymundo T. Go Mb the results of many studies (1817 patients), gives an

overall sensitivity of 87% and specificity of 91%.
This paper will review the experience at the Cleve-
land Clinic with thallium testing in daily clinical
practice and compare the results from two test
protocols.

Department of Nuclear Medicine

Materials and methods

The patients involved in the study were referred
to the Cleveland Clinic for evaluation of a chest
pain syndrome, possibly representing coronary in-
sufficiency, or for study following documented myo-
cardial infarction. The records of patients from two,
separate, 3-month periods who underwent exercise
and equilibrium myocardial imaging with *'Tl
were reviewed; those who had undergone coronary
angiography within 6 weeks of the procedure were
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included in the analysis. Patients who
had undergone myocardial revasculari-
zation procedures were excluded.

The two exercise systems are shown
in Table 1. These differed in terms of
type of exercise, dose of *’'T1 and inter-
val between exercise and imaging. An
abnormal electrocardiographic response
was considered to be an ST-segment
depression = 1 mm, either horizontal or
downsloping in quality. A diagnostic
test either showed an abnormal response
or was carried to limiting symptoms and
a pulse rate greater than 85% of the age-
predicted maximum (cstimated as 220
minus the age of the patient). Both sys-
tems used continuous graded exercise
protocols. In the first group, a bicycle
ergometer with graded 300 kpm (kilo-
pond-meter) stages of 3 minutes each
was utilized. In the second, a treadmill
(with use of the Bruce protocol) was the
mechanism of stress.

Thallium images were obtained in the
standard fashion: at peak effort, 1.5
mCi (Group 1) or 2.0 mCi (Group 2) of
'T1 was injected through a previously
placed free-flowing intravenous line and
exercise continued for an additional 30
to 60 seconds. After a 3-6 minute recov-
ery period, the patient was then trans-
ported to the imaging area and three
sequential images were obtained: 45°
left anterior oblique view; 60°-70° left
anterior oblique view; and an anterior

Table 1. Exercise technique

Group 1 Group 2
Work system  Bicycle Treadmill
ergometer
Protocol Graded 3-min  Bruce
300 kpm
stages
ECG system Frank leads + 12-lead ECG
bipolar V5
Thallium dose 1.5 mCi 2.0 mCi
Exercise imag- 10-12 min 4-6 min

ing delay
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view, in that order. Counts were col-
lected for a 10-minute period for each
image. Approximately 3-4 hours after
exercise, the same views were repeated
in the same time sequence and the two
sets of images compared. An abnormal
thallium image was defined as one or
more segments showing count-rate ac-
tivity below 80% of that identified in
the most intense segment for each view.
Ischemia was diagnosed if an abnormal
region improved in the recovery (equi-
librium) phase. Scar was indicated by a
persistent or incompletely resolved per-
fusion defect.

Coronary angiography was done in
the standard fashion via the Sones tech-
nique.® In the sensitivity calculation for
this study, significant disease was con-
sidered present if any major coronary
vessel showed atherosclerotic changes
reducing the vascular lumen by 70% or
more from an estimated normal caliber.

Sensitivity was calculated as true-pos-
itive divided by true-positive plus false-
negative responses (TP/TP + FN). In
the calculation of specificity, only coro-
nary lesions blocking less than 50% of
the vessel lumen were considered. Spec-
ificity equaled true-negative divided by
true-negative plus false-positive re-
sponses (TN/TN + FP).

Between August 1 and November 1,
1979, 80 patients had exercise thallium
imaging and accompanying catheteri-
zation who had not undergone prior
bypass surgery. Of these, 48 had at least
one coronary artery lesion = 70% of the
vessel lumen; 13 had lesions measuring
50%-59%, and 19 had minor or no cor-
onary irregularities.

The second group comprising 78 ac-
ceptable patients was studied between
April 1, and July I, 1980. Forty-eight
had coronary lesions of 70% or more of
the vessel lumen. Lesions in 10 measured
between 50% and 69%, and 20 had mild

or no disease.
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Thallium images

Sensitivity of thallium imaging in de-
tecting significant coronary artery dis-
ease (70% of the lumen or greater) for
the two groups is shown in Table 2.
Thirty-five of 48 (73%) and 41 of 48
(85%) were identified as having either
scar or ischemia; the sensitivity for ex-
ercise-related abnormalities (transient
defects) alone was 54% (26 of 48) and
71% (34 of 48) for Groups 1 and 2,
respectively. If images showing only re-
versible defects were considered, this
rose to 67% and 83% for each group,
respectively. Specificity for each group
for coronary artery disease < 50% was
84% (3 of 19 false-positives) and 35% (13
of 20 false-positives), respectively.

Electrocardiography

Sensitivity for the two ECG stress sys-
tems is shown in Table 3. Thirty of 48
(63%) and 41 of 48 (85%) in Groups 1
and 2 had exercise-related ST-segment
changes or significant Q-waves on the
resting ECG, suggesting prior myocar-
dial infarction. For ST-segment changes
alone, the sensitivity in Group 1 was
35% and in Group 2, 50%. The specific-
ity for ECG responses, excluding coro-
nary artery disease of less than 50%
narrowing, was 100% (0 of 19 false-pos-
itives) for the first group and 90% (2 of
20 false-positives) for the second.

The value of the test in patients with-
out resting electrocardiographic evi-
dence of myocardial infarction was re-
viewed. Twenty-nine of 48 patients in
Group 1, and 21 of 48 patients in Group
2 did not have electrocardiographic ev-
idence suggestive of myocardial infarc-
tion. Table 4 compares the sensitivity of
thallium imaging and ST-segment
changes between these groups. Thal-
lium was more sensitive than the ECG
in both groups and the combined tests
tended to result in higher sensitivity
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Table 2. Sensitivity of thallium-201 in
identifying patients with significant
coronary artery disease®

Group 1 Group 2
(n = 48) (n = 48)
Rest and exer-  73% (35/48)  85% (41/48)
cise PD}
Exercise PD 54% (26/48)  71% (34/48)

* Significant CAD = 70% or more. Sensitivity =
TP/TP + FN.
T PD = perfusion defect.

Table 3. Sensitivity of rest and exercise
electrocardiography in patients with
significant coronary artery disease

Group 1 Group 2
(n = 48) (n = 48)
Abnormal rest 63% (30/48)  85% (41/48)
or exercise
ECG
Exercise- 35% (17/48)  50% (24/48)
induced ST
changes

Table 4. Thallium and stress ECG
sensitivities in the absence of ) waves
on the resting electrocardiogram

Group 1 Group 2
Thallium im- 69% (20/29)  71% (15/21)
ages
Exercise- 41% (12/29)  67% (14/21)
induced ST
changes
Combined 72% (21/29)  86% (18/21)

than either alone. The sensitivity of both
thallium imaging and stress ECG for
the two groups based on the presence of
single-vessel and multivessel disease is
shown in Tables 5 and 6. With more
advanced disease, abnormal results are
more likely and the testing technique
used in Group 2 tended to be more
sensitive than that used in Group 1.

Discussion

The electrocardiographic results are
in agreement with those recently re-
ported by others. Bailey et al” and Rit-

Downloaded from www.ccjm.org on August 1, 2025. For personal use only. All other uses
require permission.


http://www.ccjm.org/

76 Cleveland Clinic Quarterly

Table 5. Relative sensitivity of
thallium-201 and stress
electrocardiography in patients with
single-vessel coronary disease

Group 1 Group 2
(n =32 (n=27T)
Thallium
Rest and exercise 63% 81%
PD
Exercise PD 44% 67%
ECG
ST changes 31% 44%

Table 6. Relative sensitivities of
thallium-201 and stress
electrocardiography in patients with
multivessel coronary disease

Group 1 Group 2
(n = 16) (n=21)
Thallium
Rest and exercise 94% 90%
PD
Exercise PD 69% 76%
ECG
ST changes 50% 57%

chie and associates® obtained sensitivity
values of 38% and 45%, respectively for
exercise-induced ST-segment depression
using comparable exercise and electro-
cardiographic lead systems. Although
the use of multiple leads was introduced
for our second group, and the stress
environment was switched from the bi-
cycle to the treadmill, the exercise-re-
lated ST-segment sensitivity rose to only
57%.

Test results in this population con-
firmed the value of exercise thallium
scintigraphy in the identification of cor-
onary artery disease. The sensitivities of'
*'T} testing in Groups 1 (73%) and 2
(85%) are similar to those of Bailey et
al” (75%), Ritchie et al® (76%), and
Okada et al' (82%)..

Comparison of the two groups dem-
onstrates the importance of the testing
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technique for increasing sensitivity. In
Group 2, a larger dose of *'Tl was
administered, resulting in a greater
number of counts, which decreases the
effects of statistical randomization. In
addition, the exercise for patients in
Group 2 was carried out in a room
immediately adjacent to the gamma
camera, permitting the onset of imaging
within 4-5 minutes after termination of
exercise, thus minimizing early redistri-
bution. In Group 1, there was usually a
10-12-minute delay because the patient
had to be transported to another floor
for imaging.

The specificity for thallium was re-
duced in the second group. The false-
positive values appear to result from
subcritical occlusion or other abnormal-
ities of the heart muscle simulating per-
fusion defects.

It has been shown that primary myo-
cardial diseases or hypertrophic changes
can produce false-positive thallium im-
ages in the absence of coronary artery
disease. Losse et al’ studied 39 patients
with chest pain who had normal coro-
nary arteriograms and left ventriculo-
grams. Twenty-seven had ?*'T1 defects
and of these, 20/27 showed abnormal
stress ECG responses, 10/22 had abnor-
mal pulmonary artery pressure changes
with effort, and 12/12 had abnormal
right ventricular biopsy specimens,
which suggests an underlying myocar-
dial abnormality. Pitcher et al’® found
a high incidence (18/23) of abnormal
and variable ' Tl distribution in young
patients with hypertrophic cardiomy-
opathy. In 14/44 patients with sarcoid-
osis without cardiac involvement, Kin-
ney et al'’ found abnormal thallium
perfusion patterns associated with ech-
ocardiographic suggestion of left ven-
tricular dysfunction.

Myocardial bridging may also reduce
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specificity. Ahmad and associates™
demonstrated abnormal exercise thal-
lium images in 3 of 4 patients with high-
grade systolic narrowing of a coronary
artery by a myocardial bridge, whereas
Greenspan et al,"® using the same clas-
sification, found no abnormalities in 7
patients referred for **'Tl testing. The
inclusion of subcritical disease in the
calculation of specificity reduces test re-
liability. Mews et al** saw 7/13 “appro-
priately located” ®'Tl perfusion defects
in patients with coronary lesions occlud-
ing 30-45 percent of the lumen. In our
second group of patients, there were 13
false-positive scans. Appropriately lo-
cated subcritical lesions (< 50%), or
myocardial bridges were seen in 4. Myo-
cardial changes of left ventricular hy-
pertrophy, primary myocardial dys-
function, or more classic hypertrophic
cardiomyopathy were present at the
time of catheterization in 6. Of the re-
maining 3 subjects, 2 had definite de-
fects that could not be explained which
were thus thought to represent true
false-positive results. The other patient
was an obese woman; breast-tissue ab-
sorption was thought to explain the ap-
parent anterior perfusion defect.

These results reflect the use of this
technique in the day-to-day assessment
- of patients with possible occlusive coro-
nary artery disease. The present proto-
col of Group 2 has a high sensitivity but
lower specificity, apparently related to
detection not only of critical lesions, but
also of subcritical occlusion and other
types of cardiac disease. True false-pos-
itive images (those for which no expla-
nation of perfusion defect is possible)
are uncommon. This is merely a part of
the overall assessment of patients who
present with possible coronary artery
disease. The technique is useful in decid-
ing whether coronary angiography
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should be performed. With the second
protocol, subcritical coronary lesions or
noncoronary cardiac abnormalities may
be placed in a group for extended study
but significant, occlusive coronary dis-
ease, especially multivessel disease, is less
likely to be ignored.
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