
xercise injected thallium-20l (201Tl) imaging is
widely used to identify patients with angiographically
significant coronary artery disease (CAD) (l@J4). The
classic hallmark of CAD on an exercise thallium image
is reduced initial myocardial uptake indicating a re
gional perfusion abnormality. Recently, slow thallium
myocardial clearance has been suggested as a second
imaging marker ofCAD (15,16), although others have
suggested that factors unrelated to coronary perfusion
affect clearance rate (13). If initial uptake and clear
ance are useful variables in identifying CAD, their
range in normals should be narrow.
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Although patients with no CAD by angiography
have been used to define the normal exercise thallium
scan, the selection bias in choosing which patients
should undergo coronary angiography results in some
of these patients having abnormal thallium perfusion
images reflecting either false-positive scans or true ab
normalities of coronary perfusion or coronary reserve
which are not appreciated on the coronary angiogram

(9,10,17â€”19).Clinically normalsubjects withiow prob
ability of CAD are an alternative group from which to
define the normal range (20). These subjects seldom
undergo coronary angiography and their normality is
inferred from their clinical status, not from their coro
nary anatomy. Nevertheless, patients from both groups

constitute the normal population in comparison to pa
tients with significant CAD, especially in terms of pa
tient management and prognosis (11). The present
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Measurementof myocardialclearanceratesbetweeninitialanddelayedimagesis a major
justificationfor addingcomputerquantificationto the interpretationof exercise201Tlimages.
Toclarifytherangeof normalthalliumclearanceanditsrelationshipto thelevelof exercise
achieved,exercisethalliumimagesin 89 normalsubjectswereanalyzed:45asymptomatic
subjects with <1 % probabilfty of coronary artery disease (CAD) (Goup I), and 44 patients
with chest pain found to have no significant CAD on angiography ((loup II). Mean initial
regionalthalliumuptakewas similar in the two groups,but myocardialthalliumclearance
(meanÂ±1 s.d.)was slower in @â€˜oupII, expressedas a longerhalf-life in the myocardium
(8.2 Â±7.6 hr compared with 3.4 Â±0.7 hr p <0.001). Analysis of variance using ten
clinical and exercise variables as covariates showed that the slower clearance in Goup II
was related to a lower peak exercise heart rate (HA) (154 Â±27 compared with 183 Â±11,
respectively, p <0.00 1). By linear regression analysis, a decrease in peak HR of 1 beat/mm
was associated with a slower thallium clearance (longer half-life) of 0.05 hr. Using this
formula, the clearance value in each patient was then corrected for peak exercise heart rate
by decreasing measured clearance by 0.05 hr multiplied by the amount peak exercise heart
ratewhich was below 183 (themeanvaluein (loup I).Therewere no differencesin the
â€œcorrectedâ€•clearancebetweenthe two groups.We concludethat thalliummyocardial
clearance after exercise is related in part to factors other than the presence of CAD, being
slowerwhenpeakexerciseHRis lower.Therefore,thalliumclearanceratesalone
uncorrectedfor peakexerciseheartrate shoukibe usedwith cautionwhendiagnosingCAD.
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viewSegment
170 Â±870 Â±10N.S.Segment
291 Â±490 Â±6N.S.Segment
389 Â±587 Â±10N.S.Segment
487 Â±685 Â±11N.S.Segment
562 Â±862 Â±11N.S.50Â°

LAOviewSegment
173 Â±875 Â±12N.S.Segment
292 Â±492 Â±5N.S.Segment
387 Â±584 Â±9N.S.Segment
480 Â±579 Â±10N.S.Segment
565 Â±967 Â±15N.S.70Â°

LAOviewSegment
171 Â±674 Â±9N.S.Segment
290 Â±488 Â±9N.S.Segment
386 Â±683 Â±9N.S.Segment
490 Â±587 Â±9N.S.Segment572

Â±976 Â±11N.S..

Values are meanÂ± 1 s.d.

study analyzed both quantitative thallium uptake and
clearance imaging variables in a large number of nor
mal subjects with either <1% probability of CAD or no
significant CAD by coronary angiography. The hy
pothesis to be tested is that these two â€œnormalâ€•popula
tions have similar coronary perfusion so that any differ
ences between them can be related in part to
demographic differences, such as age, sex, medications,
or the level of exercise achieved.

MATERIALS AND METHODS

Eighty-nine â€œnormalâ€•subjects who underwent max
imal exercise testing in conjunction with thallium im
aging were included in this study. They were divided
into two groups: Group I was clinically normal and
Group II was angiographically normal. Group I con
sisted of 45 subjects below age 45 referred for exercise
evaluation and who had <1% likelihood of CAD before
the thallium test (20). There were 39 males, six fe
males, mean Â±1 s.d., age 38 Â±5 yr. All had a normal

rest and exercise electrocardiogram and achieved at
least 85% of their maximal predicted heart rate (220
minus age).

Group II consisted of44 patients who had undergone
cardiac catheterization and exercise thallium imaging
within 2 wk of each other. There were 23 males, 21
females, age 52 Â±13 yr. Twenty of these patients were
on cardiac medications, which were not discontinued
for the exercise test. Thirty-one (70%) had ST segment
depression at rest or exercise. All had no or <25%
stenoses as judged by two independent observers. All
patients had normal left ventricular wall motion and
ejection fraction on biplane contrast ventriculography
and a left ventricular end-diastolic pressure at rest of
less than 13 mmHg.

All subjects underwent maximal treadmill exercise
based on the Bruce protocol (21). During the proce
dure, heart rate, blood pressure, and the electrocardio
gram were monitored by a cardiologist. At peak exer
cise, all patients were injected with 2.0 mCi of 201Tl
intravenously and encouraged to exercise for an addi
tional 45 to 60 sec. The thallium imaging methods have
been previously reported (8,14). Initial (5 mm postex
ercise) and delayed (3 to 4 hr postexercise) images were
collected in each of the three views, anterior, 50Â°left
anterior oblique (LAO), and 70Â°LAO.

The computer method of quantifying thallium im
ages has been described previously (22â€”24).Briefly,
images were transferred to a minicomputer* by way of
magnetic tape, which is interfaced with an image dis
play system.t An elliptical region of interest (ROl) is
placed around the left ventricle and the region corre
sponding to the valve planes is excluded. Subsequent
steps of registration, background subtraction, and de
termination of regional thallium activity in the initial

and delayed images are automatic. From these data,
initial thallium uptake and clearance in five segments in
each image are derived. The initial uptake is in relative
units (100% hottest 9-pixel region) and not in abso
lute counts. Myocardial thallium clearance rates are
expressed as the tracer half-life presuming mono
exponential washout from the myocardium (25).

Statistical Analysis
Differences between the mean segmental values in

Group I compared with Group II variables were con
sidered significant at p <0.01 using a Neuman-Keuls
multicomparison test. If a significant difference was
found, then analysis of variance with covariates was
performed to explain any possible reason for the differ
ence. The covariates included age, sex, rest, and exer
cisc heart rate and blood pressure, use of beta blockers,
and duration of exercise. If a covariate correlated with
the difference in a particular variable between the two
groups, then linear regression was performed between
the covariate and that variable. Then, a normal range
was established based on the 2 s.d. range of values in
Group I (clinically normal subjects). Those Group II
(catheterized patients) outside this range were identi
fled before and after correcting for the effect of
covariates. Statistical software was used for analysis.@

RESULTS

There was no significant difference in mean relative
initial thallium uptake in any of the 15 segments be
tween the two groups of patients (Table 1). In both

TABLE I
Initial Regional Thallium Distribution (%)â€˜
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Group IGroupIIItem
(n 45)(n 44) p Value

. Clearance values are mean Â± 1 s.d. and expressed as half-life

of thallium in myocardium in hours.

groups, mean activity in the basal segments (1 and 5) in
each view was similarly lower compared to segments 2,
3, or 4, (p <0.01), related to attenuation of the basal
segments and their proximity to the inflow and outflow
tract of the left ventricle. However, mean myocardial
thallium clearance (expressed as the half-life of tha
hum in the myocardium) was slower in 14 of 15 seg
ments in Group II (p <0.001) and this is shown in Table
2. Overall thallium clearance for all segments was 3.4 Â±
0.7 hr in Group I and 8.2 Â±7.6 hr in Group II, p <0.001.

Using clinical and exercise parameters as covariates
in all 89 subjects, peak exercise heart rate (HR) corre
lated with clearance (Fig. 1). No other variable im
proved this correlation and within each group, the cor
relation was not statistically significant. For a decrease
in peak HR of 1 beat/mm, clearance slowed (half-life
increased) by 0.05 hr. Conversely, for an increase in
peak HR of 1 beat/mm, clearance was more rapid
(half-life decreased) by 0.05 hr. Measured clearance
values could then be â€œcorrectedâ€•to any HR using the
following formula:

Corrected clearance Measured clearance
â€”(0.05)(l83 â€”peak exercise HR).

Peak exercise HR was 183 Â±11in Group I and 154 Â±
26 in Group II (p <0.001). The mean peak HR in
Group I patients, I83, was chosen arbitrarily as an ideal
peak HR. After clearance values in Group II were
â€œcorrectedâ€•to this HR, there was no longer a signifi
cant difference in mean thallium clearance between the

TABLE 2
Myocardial Thallium Clearance (hr)

two groups. When normal clearance before â€œcorrec
tionâ€•was defined by the 2 s.d. range ofvalues in Group
I, 39 of 44 Group II patients had abnormal myocardial
thallium clearance. After â€œcorrectionâ€•to a peak HR of
183, only ten Group II patients continued to have ab
normal thallium clearance, compared to 39 before
â€œcorrection.â€•

DISCUSSION

The present study demonstrates that patients with
chest pain and no significant CAD by coronary angiog
raphy have similar initial thallium uptake compared
with clinically normal subjects, but they differ in terms
of a slower myocardial thallium clearance. Although a
slow thallium clearance has been suggested as a quanti
tative thallium parameter useful for detecting CAD
(15,16) these data show that in our patients without
CAD it correlated with peak exercise heart rate, a
factor unrelated to the presence of CAD. This is similar
to a previous study (13). This observation is consistent
with the hypothesis that with greater levels of exercise
and higher heart rates, there is increased flow of blood
to the myocardium resulting in a higher initial delivery
of thallium to the myocardium and a faster subsequent
thallium clearance. Previous experimental data suggest
that the clearance of thallium is related to the myocar

14
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PEAKEXERCISEHEARTRATE

FIGURE 1
Relationship between thallium myocardial clearance
(ordinate)comparedwith heart rate achieved at peak
exercise(abscissa)in 89 normalpatients.Thallium
clearance is expressedas half-life of thallium in
myocardium in hours. Values are mean Â±s.e.m. (circles
and bars). 89 patients are from two populations with two
data points on right containing all Group 1 patients and two
data points on left containing only Group 2 patients. p
<0.05 compared with >180; t p <0.05 compared with
161â€”180
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dial blood-pool gradient of thallium activity such that
delivery of a greater amount of myocardial thallium
initially will result in its being cleared faster (25).
However, our quantitation of thallium activity is in
relative not absolute counts and, therefore, this cannot
be proven from our data.

Because peak exercise heart rate may vary consider
ably in the population, we analyzed our data to provide
a nomograrn so that clearance data may be compared
with normal (defined by Group I) even when the stress
is not maximal. For each heart rate reduction by 1,
normal clearance slows by 0.05 hr in terms of half-life
of thallium in the myocardium. Of 44 patients with no
CAD, 39 had an abnormal thallium clearance, as de
fined by Group I patients. However, â€œcorrectionâ€•of
clearance to peak exercise heart rate placed 29/39
(74%) of the no CAD patients, who had lower peak
exercise heart rate and who initially appeared to have
abnormal myocardial thallium clearance, in a category
with those having a normal clearance. Once the clear
ance in Group II patients was â€œcorrectedâ€•for peak
exercise heart rate, there was no longer a difference in
clearance between Groups I and II. This suggests that
peak exercise heart rate is one major variable explain
ing the differences in clearance observed. Nevertheless,
ten (26%) continued to have abnormal â€œcorrectedâ€•
clearance. This is consistent with the occurrence of
abnormalities of coronary perfusion in some of these
patients and suggests that other factors present in pa
tients with chest pain and no angiographic CAD may
also affect clearance. Clarification of this issue awaits
future studies.

Clinical Implications
Patients with chest pain and no significant CAD by

angiography are a heterogenous group often showing
abnormalities of thallium clearance in comparison to
clinically normal subjects with < 1% probability of
CAD. Because the clearance of thallium to be antici
pated in an individual patient depends in part on peak
exercise heart rate, â€œcorrectingâ€•clearance for peak
exercise heart rate will help to determine whether a
particular clearance value should be judged as normal
or abnormal. Some patients with chest pain and no
CAD by angiography, however, may still be abnormal,
even after the effect of lower levels of exercise are
considered in this manner.

In establishing the range of normal for exercise thal
hum imaging or possibly any test to detect CAD, the
type of normal patient chosen will affect the results. If
normal is defined by Group I subjects, the range of
normal will be narrow and the sensitivity for detection
ofCAD will be high. As a result, some patients shown to
have no CAD at coronary angiography will appear to be
similar to those with CAD, which may produce an
apparently poor specificity. Alternatively, if normal is

defined by Group II patients, the range of normal will
be wider and the specificity of determining CAD de
fined by coronary angiography will increase, probably
at the expense of sensitivity. Therefore, a test for CAD
needs to consider both sets of normal patients to define
its true diagnostic value.

FOOTNOTES

* VAX 1 1 /780, Digital Equipment Corporation, May

nard, MA.
t DeAnza Systems, Sunnyvale, CA.
t University of California at Los Angeles (BMDP, revised

1983), including programs PID, P1R, and P2V.
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