TEACHING EDITORIAL

The SPECTrum of Thallium-201 Imaging in Coronary Artery Disease

In this issue of the Journal a study using single photon emission computed tomography
(SPECT) with thallium-201 reports an improvement in the noninvasive diagnostic accuracy of the
detection of coronary artery disease (/). In our laboratory, conventional, as well as quantitative
planar thallium imaging, is used alone or with exercise: (1) for screening high-risk patients for cor-
onary artery disease; (2) for determining if nonspecific symptoms may be secondary to coronary
artery disease; (3) in attempting to determine the severity or localization of coronary disease in pa-
tients with typical symptoms; (4) for ascertaining the viability of tissue distal to a severe stenosis
with regard to potential candidacy for revascularization; (6) for determining the location and ex-
tent of irreversible damage in myocardial infarction and ischemic cardiomyopathy; and (6) (relat-
ed to 4 and 5) for evaluating the success of intracoronary streptokinase administration in evolving
myocardial infarction. In order to evaluate rationally the use of SPECT in cardiac diagnosis, it is
important to examine first what can be reasonably expected from planar thallium imaging.

Stress test screening. Thallium-201 planar imaging using exercise as a provocative maneuver
has become a useful adjunct in the diagnosis of coronary disease. Reports of thallium imaging dur-
ing exercise demonstrate a sensitivity of 75-85% (2-7) with a specificity of 85-100%, compared
with electrocardiographic stress testing with a sensitivity of approximately 65% (2-5). Thallium
imaging, in combination with exercise electrocardiography, increases sensitivity to approximately
90% with a concomitant decrease in specificity to 80-85%. Exercise-thallium imaging may be
especially helpful in those patients with resting ECG abnormalities (2), in patients receiving pro-
pranolol (7), or in those otherwise unable to reach a target heart rate. In critically evaluating these
studies, however, one must keep in mind that the criteria for abnormality were fairly stringent, re-
quiring a 50-70% luminal diameter narrowing to qualify as significant coronary stenosis. Patients
with less critical stenoses of major vessels are subject to untoward events, including myocardial in-
farction, and could be missed by exercise-thallium testing as currently described.

Unfortunately, many patients with coronary disease have other illnesses that render them inca-
pable of treadmill or bicycle exercise. Dipyridamole, a potent coronary vasodilator, reliably in-
creases coronary blood flow in normal coronary arteries, producing relatively photopenic areas,
which are supplied by stenotic arteries (8-11). It takes approximately a twofold increase or differ-
ential in coronary blood flow from a normal to a relatively ischemic zone to detect a significant
change in a thallium image (8). Intravenous dipyridamole can produce coronary vasodilation suf-
ficient to provide images comparable to those obtained at maximal exercise (8). Unfortunately,
however, dipyridamole can also cause a “coronary-steal” phenomenon and angina pectoris if given
in sufficient doses in the presence of critical coronary disease. Aminophyline may reverse this ef-
fect, however; aminophyline itself causes tachycardia, which may be contraindicated in patients
with significant coronary disease. Dipyridamole thallium studies have shown similar sensitivity
(93%) and specificity (72%) in comparison with combined ECG thallium studies (/7). Despite
promising results using dipyridamole as an adjunct in diagnosing coronary disease it is not ap-
proved by the FDA for that purpose and, hence, is unavailable for routine clinical use.

Identification of severity and location of coronary disease. For thallium scanning to be an effec-
tive tool, it should help identify the location and extent of coronary disease. Thallium scanning ap-
pears to be a poor method for differentiating ischemic from idiopathic cardiomyopathy. Large
partial defects, which may demonstrate improved uptake on redistribution, are seen in idiopathic
cardiomyopathy as well as in ischemic cardiomyopathy (12). Similarly, nonhomogeneous defects
in cardiomyopathy may also appear in ischemic disease, whereas complete perfusion defects are
more likely to be secondary to coronary disease (/3). Thus, partial thallium defects, even with evi-
dence for reperfusion, may not reliably indicate the presence of coronary disease, in patients with
dilated hearts.

Planar thallium imaging is useful for detecting coronary disease but is much less reliable for de-
termining the severity or location of coronary lesions (/3-17). Left circumflex lesions are particu-
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larly difficult to detect with planar thallium imaging even with exercise (/4,16). Stenoses of 90%
or greater in severity yield positive tests in 80% of patients whereas less severe stenoses (70-90%)
are positive in only 39% of the cases (/4). Patients with high-risk lesions, such as left main or se-
vere three-vessel disease, are not clearly identified by thallium imaging (/5-17). Quantification
of the thallium images may improve the detection of regional disease (/8,31,32). Stenosed vessels
supplying noninfarcted myocardium are much less readily recognized than those supplying in-
farcted or partially infarcted myocardium (/9). As one would expect, even with critical stenoses
extensive collateralization to the involved artery results in poor sensitivity of the test as long as the
artery supplying the collaterals is not significantly diseased (20).

Detection of reversible ischemia. It is often difficult to determine when patients with left-ven-
tricular dysfunction should be considered for revascularization surgery. The concept of reversible
left-ventricular dysfunction distal to a severe stenosis is controversial. Nevertheless, experimental
and clinical evidence suggest that thallium imaging may be useful in these patients. Since thallium
activity is dependent on extraction and delivery rates as well as on washout rates, pertubation of
these parameters by severe stenoses may produce useful information on tissue viability. Animal
experiments have demonstrated that thallium activity in the myocardium supplied by a normal
coronary artery gradually decreases over time after the initial distribution phase. In mildly ische-
mic areas, however, thallium activity increases over time (2/) or possibly decreases in time at a
much slower rate than areas supplied by a normal artery (22-24). The net effect is a resting thalli-
um image demonstrating a relatively photopenic area that gradually resolves over time and several
hours later achieves similar activity compared with normal regions. This principle has been evalu-
ated in patients undergoing coronary bypass surgery. Rozanski reported that in 25 patients, 54%
of 72 dyskinetic left-ventricular segments improved after bypass surgery. Ninety percent of those
that improved had relative thallium defects that resolved at redistribution, and 76% of defects that
did not demonstrate reperfusion remained functionally abnormal (25). Thus it appears that de-
layed redistribution of a significant thallium perfusion defect is an extremely good prognostic sign
and may accurately identify those patients with reversible left ventricular dysfunction secondary
to severe coronary stenosis.

Role of thallium imaging in myocardial infarction. Thallium-201 has been used both for the de-
tection and quantification of myocardial infarction. Animal studies suggest that cellular uptake
of thallium is dependent on metabolic integrity (i.e. reversible injury) (26). It is felt that an area
with no uptake will not significantly increase in activity if the area in question is irreversibly dam-
aged. Thus persistent areas with no uptake at redistribution imaging imply completed infarction
(27,28), and the defect size correlates reasonably well with regional function abnormalities (29).
Persistent defects are reported in up to 95% of patients with diagnostic electrocardiographic evi-
dence for myocardial infarction (29). Thallium defects appear to decrease in size over time up to
three months after myocardial infarction. This may indicate increased collateral blood flow into
the ischemic zone surrounding the infarct and may contribute to decreased sensitivity in detecting
patients with small myocardial infarctions (30).

Quantitative analysis of thallium imaging. Attempts have been made to improve the sensitivity
and diagnostic accuracy of thallium imaging with digital image enhancement and quantitative
analysis. Most investigators find that using quantitative techniques can improve the sensitivity of
rest/exercise thallium imaging to 95% (3/-33) with little decrease in specificity. This finding
compares favorably with the combined sensitivity of visual interpretation of thallium images and
the results of electrocardiographic stress testing. Quantitative analysis may also improve the abili-
ty to identify specific vessel involvement as well as the presence of three-vessel disease (/8,31,32).
Less severe stenoses might also be more readily identified by quantitative analysis (3/). Nonethe-
less, three-vessel disease is still identified in only 78% to 86% of patients, and circumflex lesions are
detected in only 63% of patients (3/,32).

Single photon emission computed tomography. Two methods are available for thallium image
analysis using tomographic techniques. The technical aspects of both multiple pinhole tomography
and transaxial tomography are well outlined by Budinger (34). Of these two methods, transaxial
tomography is by far the preferred technique, but statistical limitations, especially with the use of
low-energy radionuclides such as thallium-201, limit its applicability in studies of the heart. Abso-
lute quantification is theoretically not feasible for measurements such as flow analysis (34) in the
heart. With seven-pinhole tomography true cross-sectional activity is not obtained, and defects ap-
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pear to be propagated into adjacent slices where in fact they do not exist (35,36). Seven-pinhole
tomography appears to have equivalent accuracy with planar thallium imaging in determining the
presence of myocardial infarction (36,37).

Transaxial tomography in combination with intravenous dipyridamole has been used to evalu-
ate patients for coronary disease. There was a 10% improvement in sensitivity using SPECT com-
pared with planar imaging if quantitative analysis of the SPECT images was performed (38). The
results of qualitative analysis of SPECT images were no different from the results with qualitative
analysis of planar images (38). One recent study found no difference in sensitivity between planar
and emission computed tomography in the detection of coronary disease; however, location of dis-
ease and estimation of severity was better using emission computed tomography (39).

Transaxial tomography is reported to be better than planar thallium imaging in detecting myo-
cardial infarction especially in patients with inferior or nontransmural infarction (36,37,40).
Quantitative analysis of emission computed tomography images in animal models suggests that
a reasonable correlation exists between infarct size determined by tomographic imaging and actu-
al measurements (4/). Quantification of regional myocardial blood flow was not possible in intact
dogs. Qualitative interpretation of these images, however, correlates reasonably well with quanti-
tative flow measurements (42).

In the article by Kirsch et al. in this issue of the Journal (1), analysis of SPECT was compared
with planar images in patients with coronary disease without myocardial infarction, in patients
with myocardial infarction, and in control patients. The patients with coronary disease without
myocardial infarction had relatively severe disease with 33 of 40 patients having greater than 75%
or complete coronary occlusion. More than half the patients had significant wall-motion abnor-
malities. Images were obtained without intervention at rest. Using emission tomography the sensi-
tivity was 87% in the noninfarct group compared with 58% using planar imaging techniques. Myo-
cardial infarction was correctly identified in 93% compared with 68% using planar imaging. The
disparity in sensitivity between this report and others (36,37,40,39) may represent differences in
the patient populations, but it may also represent differences in efficiency and accuracy of the
imaging equipment used as well as the skill of the interpreters. Certainly without intervention one
would not expect a superior detection of patients with coronary disease due to the limitations of
thallium-201 imaging (8). Quantitative analysis of planar thallium images may well produce re-
sults as good as those reported by Kirsch’s group (32-33).

It would appear that sensitivity in detecting coronary disease using emission computed tomog-
raphy is approximately 10% better than that with planar imaging, but this small advantage is still
subject to question (38,39). Quantitative analysis of planar images, however, may produce similar
sensitivity and specificity to tomographic techniques in detecting coronary disease (32,33).
SPECT does appear to be better for localizing disease and assessing severity of disease especially
in the inferior and posterolateral circulations (39). Emission computed tomography may be better
than planar imaging for detecting myocardial infarction especially in patients with inferior or non-
transmural infarcts (37,40). Relative quantification of infarct size may be possible (40); however,
quantitative flow analysis in the myocardium appears out of the reach of SPECT technology
(34,42).

Although commercial cameras equipped with computers necessary for quantitative analysis
may cost in the range of $150,000, an additional $30,000 must be expended for upgrading these
cameras to perform transaxial computed tomography. Cameras designed specifically for transax-
ial tomography cost approximately $230,000. Using the available information, it would appear
that quantitative analysis of planar thallium images, a process most camera-dedicated computing
systems are capable of, will produce results comparable to those of SPECT. One wonders then if
the additional cost of a SPECT system is compensated for by the ability to detect smaller areas of
myocardial ischemia or infarction on the posterior wall of the left ventricle. Since absolute quanti-
tative infarct sizing and flow analysis are not possible with current SPECT technology, it appears
at the present time that SPECT offers little additional benefit compared with planar thallium
imaging.

RICHARD W. SMALLING
University of Texas Health

Sclence Center at Houston
Houston, Texas
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