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Measurement of myocardial clearance rates between initial and delayed images is a major
justification for adding computer quantification to the interpretation of exercise 2°'Tl images.
To clarify the range of normal thallium clearance and its relationship to the level of exercise
achieved, exercise thallium images in 89 normal subjects were analyzed: 45 asymptomatic
subjects with <1% probability of coronary artery disease (CAD) (Group 1), and 44 patients
with chest pain found to have no significant CAD on angiography (Group Il). Mean initial
regional thallium uptake was similar in the two groups, but myocardial thallium clearance
(mean * 1 s.d.) was slower in Group ll, expressed as a longer half-life in the myocardium
(8.2 + 7.6 hr compared with 3.4 + 0.7 hr p <0.001). Analysis of variance using ten
clinical and exercise variables as covariates showed that the slower clearance in Group ||
was related to a lower peak exercise heart rate (HR) (154 + 27 compared with 183 + 11,
respectively, p <0.001). By linear regression analysis, a decrease in peak HR of 1 beat/min
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

rate which was below 183 (the mean value in Group 1). There were no differences in the
*‘corrected’’ clearance between the two groups. We conciude that thallium myocardial
clearance after exercise is related in part to factors other than the presence of CAD, being
slower when peak exercise HR is lower. Therefore, thallium clearance rates alone
uncorrected for peak exercise heart rate should be used with caution when diagnosing CAD.
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Exercise injected thallium-201 (2°'Tl) imaging is
widely used to identify patients with angiographically
significant coronary artery disease (CAD) (/-14). 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 of CAD (15,16), although others have
suggested that factors unrelated to coronary perfusion
affect clearance rate (/3). 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
(9,10,17-19). Clinically normal subjects with low 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 (//). The present
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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 “normal” 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 “normal” 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 + 1 s.d., age 38 £ 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 of 44 patients who had undergone
cardiac catheterization and exercise thallium imaging
within 2 wk of each other. There were 23 males, 21
females, age 52 + 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 20!TI
intravenously and encouraged to exercise for an addi-
tional 45 to 60 sec. The thallium imaging methods have
been previously reported (8,/4). Initial (5 min postex-
ercise) and delayed (3 to 4 hr postexercise) images were
collected in each of the three views, anterior, 50° left
anterior oblique (LAO), and 70° LAO.

The computer method of quantifying thallium im-
ages has been described previously (22-24). Briefly,
images were transferred to a minicomputer* by way of
magnetic tape, which is interfaced with an image dis-
play system.' An elliptical region of interest (ROI) 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
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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 1 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-
cise 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 11
(catheterized patients) outside this range were identi-
fied 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 1
Initial Regional Thallium Distribution (%)*
Group | Group Il
Item (n = 45) (n = 44) p Value

Anterior view

Segment 1 70+ 8 70+ 10 N.S.

Segment 2 91+ 4 90+ 6 N.S.

Segment 3 89+ 5 87+ 10 N.S.

Segment 4 8716 85+ 11 N.S.

Segment 5 62+ 8 62+ 11 N.S.
50° LAO view

Segment 1 7318 754 12 N.S.

Segment 2 92+ 4 92+ § N.S.

Segment 3 87+5 84+ 9 N.S.

Segment 4 80+5 79+ 10 N.S.

Segment § 65+ 9 67 + 15 N.S.
70° LAO view

Segment 1 71+ 6 74+ 9 N.S.

Segment 2 90+ 4 88+ 9 N.S.

Segment 3 86+ 6 83+ 9 N.S.

Segment 4 905 87+ 9 N.S.

Segment 5 72+9 76 £ 11 N.S.

_'ms are mean £+ 1s.d.
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TABLE 2
Myocardial Thallium Clearance (hr)*

Group | Group Il
Item (n = 45) (n = 44) p Value
Anterior view
Segment 1 3.6+ 0.8 72+6.8 <0.001
Segment 2 3.5+ 0.7 6.4+ 48 <0.001
Segment 3 3.2+ 0.7 51+72 <0.001
Segment 4 3.3+ 06 8.1+ 18.7 <0.001
Segment 5§ 34+08 59+ 40 <0.001
50° LAO view
Segment 1 3.6+ 09 6.5+ 5.1 <0.001
Segment 2 33106 58+ 46 <0.001
Segment 3 3.2+ 0.6 6.2+ 5.2 <0.001
Segment 4 3.41+0.7 6.3+ 438 <0.001
Segment 5§ 3.7+ 0.8 10.0 + 233 <0.001
70° LAO view
Segment 1 3.4+0.7 5.6+ 3.0 <0.001
Segment 2 3.3+05 3.5+ 12.2 N.S.
Segment 3 3.1+ 06 54126 <0.001
Segment 4 3.3+ 0.6 5.7+3.0 <0.001
Segment § 3.6+038 7.2+9.2 <0.001

* Clearance values are mean * 1s.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-
lium 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 +
0.7hrinGroupland 8.2 + 7.6 hrin 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/min, clearance slowed (half-life
increased) by 0.05 hr. Conversely, for an increase in
peak HR of 1 beat/min, clearance was more rapid
(half-life decreased) by 0.05 hr. Measured clearance
values could then be *“‘corrected” to any HR using the
following formula:

Corrected clearance = Measured clearance
— (0.05)(183 — peak exercise HR).

Peak exercise HR was 183 + 11 in Groupland 154 +
26 in Group II (p <0.001). The mean peak HR in
Group I patients, 183, was chosen arbitrarily as an ideal
peak HR. After clearance values in Group II were
“corrected” to this HR, there was no longer a signifi-
cant difference in mean thallium clearance between the
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two groups. When normal clearance before “correc-
tion” was defined by the 2 s.d. range of values in Group
I, 39 of 44 Group II patients had abnormal myocardial
thallium clearance. After “correction” to a peak HR of
183, only ten Group II patients continued to have ab-
normal thallium clearance, compared to 39 before
*“correction.”

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 (/3). 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-
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Relationship between thallium myocardial clearance
(ordinate) compared with heart rate achieved at peak
exercise (abscissa) in 89 normal patients. Thallium
clearance is expressed as half-life of thallium in
myocardium in hours. Values are mean + 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; ' p <0.05 compared with
161-180
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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 nomogram 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, “correction” 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 “corrected” for peak
exercise heart rate, there was no longer a difference in
clearance between Groups I and I1. 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 “corrected”
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, *“correcting” 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-
lium 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
of CAD 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
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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 11/780, Digital Equipment Corporation, May-
nard, MA.

t DeAnza Systems, Sunnyvale, CA.

! University of California at Los Angeles (BMDP, revised
1983), including programs P1D, P1R, and P2V.

ACKNOWLEDGMENTS

The authors thank Wendy Kowalker for technical, and
Janie Cahill for secretarial assistance.

This work was supported in part by USPHS grant numbers
HL 26215, 32953, and 07416 of the National Institutes of
Health.

REFERENCES

1. Bailey IK, Griffith LSC, Rouleau J, et al: Thallium-201
myocardial perfusion imaging at rest and during exer-
cise. Comparative sensitivity to electrocardiography in
coronary artery disease. Circulation 55:719-87, 1977

2. Botvinick EH, Taradesh MR, Shames DM, et al: Thal-
lium-201 myocardial perfusion scintigraphy for the
clinical classification of normal, abnormal, and equivo-
cal electrocardiographic stress tests. Am J Cardiol
41:41-51, 1978

3. Ritchie JL, Zaret BL, Strauss HW, et al: Myocardial
imaging with thallium-201: A multicenter study in pa-
tients with angina pectoris or acute myocardial infarc-
tion. Am J Cardiol 42:341-350, 1978

4. Leppo J, Yipintsoi T, Blanstein R, et al: Thallium-201
myocardial scintigraphy in patients with triple-vessel
disease and ischemic exercise stress tests. Circulation
59:714-721, 1979

5. Dash H, Masie BM, Botvinick EH, et al: The noninva-
sive identification of left main and three-vessel coronary
artery disease by myocardial stress perfusion scintigra-
phy and treadmill exercise electrocardiography. Circu-
lation 60:276-284, 1979

6. Caldwell JH, Hamilton GW, Sorenson SG, et al: The
detection of coronary artery disease with radionuclide
techniques: A comparison of rest-exercise thallium im-
aging and ejection fraction response. Circulation
61:610-619, 1980

7. Okada RD, Boucher CA, Strauss HW, et al: Exercise
radionuclide imaging approaches to coronary artery
disease. Am J Cardiol 46:1188-1204, 1980

8. Brown KA, Boucher CA, Okada RD, et al: Prognostic
value of exercise thallium-201 imaging in patients pre-
senting for evaluation of chest pain. JACC 1:994-1001,
1983

9. Meller J, Goldsmith SJ, Rudin A, et al: Spectrum of
exercise thallium-201 myocardial perfusion imaging in
patients with chest pain and normal coronary angio-
grams. Am J Cardiol 43:717-723, 1979

10. Rozanski A, Diamond GA, Forrester JS, et al: Alterna-

29



14.

30

tive reference standards for cardiac normality: Implica-
tions for diagnostic testing. Ann Int Med 101:164-170,
1984

Pamelia FX, Gibson RS, Watson DD, et al: Prognosis
with chest pain and normal thallium-201 exercise scinti-
grams. Am J Cardiol 55:920-926, 1985

Maddahi J, Garcia EV, Berman DS, et al: Improved
noninvasive assessment of coronary artery disease by
quantitative analysis of regional stress myocardial up-
take and washout of thallium-201. Circulation
64:924-935, 1981

Massie BM, Wisneski, Kramer B, et al: Comparison of
myocardial thallium-201 clearance after maximal and
submaximal exercise: Implications for diagnosis of cor-
onary disease: Concise communication. J Nucl Med
23:381-385, 1982

Okada RD, Boucher CA, Kirschenbaum HK, et al:
Improved diagnostic accuracy of thallium-201 stress
test using multiple observers and criteria derived from
interobserver analysis of variance. Am J Cardiol
46:619-624, 1980

Bateman TM, Maddahi J, Gray RJ, et al: Diffuse slow
washout of myocardial thallium-201: A new scinti-
graphic indicator of extensive coronary artery disease. J
Am Coll Cardiol 4:55-64, 1984

Abdulla A, Maddahi J, Garcia E, et al: Slow regional
clearance of myocardial thallium-201 in the absence of
perfusion defect: Contribution to detection of individual
coronary artery stenoses and mechanism for occur-
rence. Circulation 71:72-79, 1985

Bourdoulas H, Cobb TC, Leighton RF, et al: Myocardi-
al lactate production in patients with angina-like chest

Kaul, Chesler, Pohost et al

20.

21.

22.

23.

24.

25.

pain and angiographically normal coronary arteries and
left ventricle. Am J Cardiol 34:501-504, 1974

Kemp HG, Vokonos PS, Cohn PF, et al: The angina
syndrome associated with normal coronary angiograms.
Report of a six year experience. Am J Med 54:735-742,
1976

Cannon RO, Watson RM, Rosing DR, et al: Angina
caused by reduced vasodilator reserve of the small coro-
nary arteries. JACC 1:1359-1373, 1983

Diamond GA, Forrester JS: Analysis of probability as
an aid in the diagnosis of coronary artery disease. N
Engl J Med 300:1350-1358, 1979

Bruce RA: Exercise testing of patients with coronary
artery disease: Principles and normal standards for
evaluation. Clin Res 3:323-332, 1971

Lim YL, Okada RD, Chesler DA, et al: A new approach
to quantitation of exercise thallium-201 scintigraphy
before and after an intervention: Application to define
the impact of coronary angioplasty on regional myocar-
dial perfusion. Am Heart J 108:917-925, 1984

Kaul S, Kiess M, Liu P, et al: Comparison of exercise
electrocardiography and quantitative thallium imaging
for single vessel coronary artery disease. Am J Cardiol:
56:257-261, 1985

Okada RD, Lim YL, Boucher CA, et al: Clinical, angio-
graphic, hemodynamic, perfusional and functional
changes after single vessel left anterior descending coro-
nary angioplasty. Am J Cardiol 55:347-356, 1985
Okada RD, Leppo J, Boucher CA, et al: Myocardial
kinetics of thallium-201 after dipyridamole infusion in
normal canine myocardium and in myocardium distal
to a stenosis. J Clin Invest 69:199-209, 1982

The Journal of Nuclear Medicine





