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High abdominal background activity of ®®™Tc-sestamibi may in-
terfere with the diagnosis in studies in which a coronary vasodi-
lator is used; supplemental dynamic exercise might reduce this
problem. Methods: Clinical and angiographic determinants of
subdiaphragmatic-to-myocardial activity ratios were measured
on immediate poststress left anterior oblique images and on
corresponding tomographic studies 1 hr after injection in 600
sestamibi studies. Similar measurements were made in 550
historic controls with planar 2°'Tl imaging. Patients performed
symptom-limited ergometry when there were no limiting factors,
dipyridamole-handgrip in which ergometry was not possible and
VEX (vasodilator followed by symptom-limited ergometry) in
which exercise capacity was reduced. Results: Abdominal ac-
tivity was higher with sestamibi than with 2°'Tl, in women versus
men, and with dipyridamole-based tests compared to exercise
alone. Compared to the dipyridamole-handgrip, 3 min of ergom-
etry as pat of VEX decreased abdominal background
(p < 0.02) by 18% on immediate 2°'Tl images, by 13% on
immediate sestamibi images and by 12% on 1-hr delayed ses-
tamibi tomoacquisitions. Conclusion: Poststress abdominal
background activity is influenced by similar factors with both
agents. Supplemental exercise following dipyridamole reduces
potentially interfering abdominal activity but perhaps not as effi-
ciently with sestamibi as with 2°'Tl.
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Developments in stress testing have resulted in a spec-
trum of procedures which are available for the scinti-
graphic assessment of myocardial perfusion (7). A signifi-
cant proportion of patients referred for scintigraphic
procedures is unable to exercise optimally. For evaluation
of these patients, pharmacologic vasodilation with intrave-
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nous dipyridamole was developed in the 1970s (2); it has
subsequently been shown to be a safe and effective tool in
the diagnosis of coronary artery disease (3-6).

Although the sensitivity and specificity of dipyridamole-
thallium scintigraphy have been shown to be acceptable
(4-7), there are several limitations to vasodilator studies
from both the clinical and imaging standpoints. Washout
analysis may be less helpful following dipyridamole than
following exercise stress (8). Abdominal background ac-
tivity may be high enough (9) to interfere with interpreta-
tion of inferior wall activity. Testing with a vasodilator
alone or with supplemental handgrip (10) also limits the
assessment of physiologic indicators, e.g., chest pain and
ST depression which can be discerned more readily with
dynamic exercise testing (11); such exercise-derived vari-
ables may be synergistic with imaging parameters in the
determination of diagnosis or prognosis (12).

A stress-modality combining dynamic exercise with va-
sodilator (VEX) has several potential advantages, suggest-
ing its more widespread employment in conjunction with
scintigraphy (13, 14). These include a higher incidence of
induced scintigraphic defects and a higher incidence of ST
depression when compared to dipyridamole alone (14-16),
or when compared to dynamic exercise alone (17-19).
When combined with the assessment of segmental motion,
as with echocardiography (19), or with gated myocardial
scintigraphy (20), the VEX procedure may have an advan-
tage over either exercise or dipyridamole alone in showing
stress-induced ischemic dysfunction. The addition of exer-
cise to dipyridamole improves the pharmacologically-
based tests performed with 2!T] imaging and has a bene-
ficial effect with respect to washout characteristics (27 ) and
abdominal background activity (9, 14-17,22). With *™Tc-
sestamibi, abdominal background activity, at least imme-
diately after injection, is higher than with 2°'Tl (23), thus
attempts to decrease interfering abdominal activity with
sestamibi (24) may be even more pertinent with sestamibi
than with 2'T1.

In this study, we evaluated factors contributing to ab-
dominal background activity on immediate poststress im-
ages with sestamibi as well as with *°'T1. Our aim was to
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TABLE 1
Scheme to Assign Patients to a Stress-Testing Modality
Pretest evaluation Test selection
(Capacity for ergometry) Dipyridamole Exercise
Optimal No Symptom-limited
ergometry

Limited—physical Yes Ergometry
Limited—pharmacological Yes Ergometry
Not possible Yes Isometric exercise

quantitate the level of dynamic exercise necessary for im-
proved image quality and to determine other factors that
might contribute to abdominal background activity.

METHODS

Patients

Patients were referred for stress myocardial perfusion imaging
May 1985 to October 1993. This report focuses on studies per-
formed with two different imaging modalities: planar 2T imaging
(performed routinely until March 1990) and tomographic sesta-
mibi imaging. After April 1992, all sestamibi studies had an ancil-
lary poststress ECG-gated planar image acquired for 2 min in the
left anterior oblique projection (LAO) (25), facilitating assessment
of image quality with sestamibi. Studies were divided into three
series based on clinical use of the test by referring physicians.

Angiographically correlated cases included all patients who had
coronary angiography, including contrast ventriculography, at
Victoria Hospital within 4 mo of scintigraphy, unless they met
specific exclusion criteria. Diagnostic assessments in these pa-
tients (including stress electrocardiography, thallium scintigraphy
and coronary angiography) were performed based on the usual
clinical indications, i.e., investigation of chest pain. Patients were
excluded if: (1) invasive studies suggested valvular disease or
nonischemic cardiomyopathy or (2) any test was performed within
1 wk of myocardial infarction. A second series of patients had
previously undergone revascularization with either coronary by-
pass grafting or angioplasty. Patients who did not fall into either of
the first two series were considered as having “‘routine”” indica-
tions for scintigraphy. Patients were excluded from this latter
category if angiography had been performed within the previous 2
yr at Victoria Hospital or at another institution.

Selection and Performance of Stress Techniques

Patients were assigned to a testing procedure based on clinical
indications (Table 1) according to the protocol described in pre-
vious studies (14,26). Briefly, the selection system was designed
to optimize the stress test for all patients whether or not they
could perform bicycle exercise. If exercise alone was adequate,
supine ergometry was performed to a symptomatic endpoint. If it
was estimated that the patient could not exercise optimally, intra-
venous dipyridamole was administered followed by handgrip ex-
ercise (if no ergometry could be performed) or by ergometry to the
point of symptoms. Intravenous dipyridamole administration and
“VEX”, the combined testing mode (Fig. 1), were performed
according to previous description (/4). Exercise was continued
for at least 1 min (27) after tracer injection (a longer wind-down
period was used for sestamibi than for 2°'T1), and the LAO 40°
image was acquired 4 min later.

VEX-Test with Thallium-201 and Sestamibi ® Hurwitz et al.

Scintigraphic Protocol

This study focuses on the LAO 40° view which was begun at 4
min after peak exercise. Immediate poststress and delayed images
with 2°'T1 were obtained in three projections for 6-8 min each as
previously described (14). For sestamibi, a dose of 12 MBqg/kg
body weight was injected at peak stress, and immediate poststress
images were acquired for 2 min (Fig. 2). Poststress tomographic
sestamibi images were acquired with thirty-two 30-sec stops in a
180° acquisition starting at 1 hr postinjection. Corresponding rest
images with sestamibi were preferentially performed on a subse-
quent day, or, if required, on the same day as the stress proce-
dures with 25% of the stress dose (3 MBg/kg). High-fat feedings
after sestamibi injection were not used in this study (24).

Cardiac Catheterization

Coronary artery stenoses were assessed by a cardiovascular
radiologist blinded to the perfusion imaging results. Any of the
three main coronary arteries were considered diseased if a 50%
stenosis was present; a left mainstem stenosis was considered
comparable to two diseased arteries. Ventricular function was
graded on contrast ventriculography from 1 to 5 as previously
described (14,26).

Quantitation of Abdominal Uptake

Quantitation of abdominal uptake with 2°' Tl was performed for
all patients with angiographic correlation (n = 550). For sestamibi,
a comparable number of cases (n = 600) was accumulated by
including both angiographically correlated and postrevasculariza-
tion cases (Table 2). For a few of the patients studied with sesta-
mibi, the stress tomographic acquisition data file was not ar-
chived, thus the results for the delayed images were available in
only 272 angiographically correlated cases. Regions of interest
were outlined by the operator over the segment of myocardium
and in a crescentic region below the heart were the segment of
myocardium with the most intense uptake and a crescentic region
below the myocardium (/4), similar to regions used by other
groups (16). On tomographic sestamibi reconstructions, myocar-
dial activity was measured on midventricular short-axis slices; a
rectangular region separated by 2 pixels from the inferior wall of
the myocardium was used to represent abdominal activity. Re-
sults are given as the ratio (A/M) of mean count density in the
abdominal region to mean count density in the myocardial region.
Correlation coefficients for replication of A/M measurements
were 0.98 for immediate thallium images, 0.91 for immediate ses-
tamibi images, 0.98 for delayed planar acquisitions with sestamibi
and 0.93 for short-axis slices with sestamibi.

Calculation of A/M for sestamibi is shown for two patients in
Figure 2. Patient A performed ergometry alone to a workload of
900 kpm and heart rate of 160. High uptake of sestamibi (25) is
evident on the immediate image. Both patients were men with a
history of angioplasty following myocardial infarction. Sestamibi
procedures were performed to assess recurrent symptoms.

Statistical Methods

Multiple regression methods were used to analyze determi-
nants of abdominal uptake. The contribution evaluated (28) di-
pyridamole administration, exercise level, gender, number of dis-
eased coronary arteries, ventricular function, history of infarction
and hypertension. The clinical variables were categorized as in
previous studies (26). To evaluate the principal determinants of
abdominal background by analysis of variance, patients were
categorized by testing modality and gender. Specific means were
then compared by the Newman-Keuls procedure (28).
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FIGURE 1. Protocol for performing stress scintigraphy with the VEX test. Following the standard intravenous dose of dipyridamole, supine
ergometry was commenced immediately with progressive increases in workioad every minute. When limiting symptoms occurred, as
arbitrarily shown here at a workioad of 600 kpm, the perfusion tracer (%°' Tl or sestamibi) was injected rapidly, exercise continued for at least
another minute (27) and the exercise level was then decreased for a wind-down period. Imaging was begun in the LAO projection at 4 min

after the end of peak exercise.

RESULTS

In our laboratory, frequent use is made of intravenous
dipyridamole in conjunction with myocardial scintigraphy

IMMEDIATE DELAYED CORONAL
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FIGURE 2. Abdominal background with sestamibi for immediate
poststress images (left column), corresponding LAO tomoacquisi-
tions started at 1 hr (middie column) and for reconstructed midven-
tricular short-axis slices (right column). In each case, mean count
density in a subdiaphragmatic crescent is compared to the mean
count density in a myocardial segment; regions of interest are shown
here ontly for the tomographic slices. Abdominal-to-myocardial ratios
for each of these images is shown in the lower left comer.
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because referred patients are often unable to exercise to an
adequate endpoint (Table 2). The addition of at least some
ergometry could be performed in over 85% of patients
requiring dipyridamole (Table 3). Of the 3700 studies re-
viewed (Table 2), the combination of intravenous dipyri-
damole and ergometry accounted for almost 50% of the
total stress procedures.

A/M showed wide variation among subjects for each
radiotracer/imaging protocol, but was greater for sestamibi
than 2°'T1 (Fig. 3). A/M was generally dependent on the
level of exercise performed. In comparison to studies using
dipyridamole and isometric handgrip exercise, a significant
decrease in A/M was seen when more than 400 kpm (3 min
of progressive ergometry) was added to the procedure; the
decrement reached a high level of statistical significance on
immediate images with both thallium (Fig. 4) and sestamibi
(Fig. 5) and could still be discerned on 1-hr delayed sesta-
mibi images. With higher levels of exercise after dipyri-
damole, abdominal background activity was similar to that
seen with ergometry alone (Figs. 4, 5). For most categories
of stress, A/M was higher in women than in men for imag-
ing with 2'T1 (Fig. 4); a similar gender difference was
observed with sestamibi.

By regression analysis (Table 4), a number of factors
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TABLE 2
Review of Myocardial Perfusion Studies: Use of Dipyridamole

Angiographic
correlation Revascularization Routine diagnostic Total
Prior CABG or angioplasty No Yes No
Correlating angiogram Within 4 mo Possible None in previous 2 yr
Planar Thallium Series
Dates Apr '85-Mar '90 Apr '85-Apr '90 Apr '85-Apr '90
Total tests—number 550* 425 1525 2500
Dipyridamole—number 359 245 785 1389
Percentage 65% 58% 51% 56%
Tomographic Sestamibi Series
Dates May '92-Nov '93 May '92-Aug ‘83 May '92-Apr '93
Total tests—number 275 325* 600 1200
Dipyridamole—number 183 168 293 644
Percentage 67% 52% 48% 54%

*Patients used for quantification of abdominal-to-myocardial ratios.

could be shown to relate significantly to measurements of
A/M. For each factor, the direction of change in A/M on
immediate images was identical with 2°'T] and sestamibi.
Moreover, these influences on A/M could be still be ascer-
tained on sestamibi images acquired 1 hr after stress injec-
tion. Exercise workload produced the most significant ef-
fect on abdominal activity. The use of dipyridamole as part
of the testing procedure was also associated with higher
abdominal background for each imaging situation. Gender
was a highly significant determinant of background activity
with both agents. Factors relating to the presence of dis-
ease, including a history of infarction and angiographic
findings, showed a small but significant tendency to in-
crease A/M on univariate analysis.

With multivariate regression analysis, factors specifi-
cally contributing to abdominal uptake of perfusion tracers
on the planar images could be pinpointed (Table 5). Thus,
exercise workload was the principal determinant of abdom-
inal background on planar images with 2°'T1, on immediate
planar images with sestamibi and on acquisitions with ses-
tamibi performed after a 1-hr delay. The use of dipyridam-
ole, independent of the attained workload, appeared to be
a determinant of abdominal background only for immedi-
ate sestamibi images. Gender was also a significant deter-

minant for abdominal background in each of the planar
imaging situations. Moreover, workload remained the ma-
jor determinant of sestamibi image quality even after to-
mographic reconstruction.

DISCUSSION AND CONCLUSION

In a number of ways, the VEX test (the combination of
intravenous dipyridamole and exercise) represents an im-
portant tool in the nuclear physician’s stress testing arma-
mentarium. The incremental diagnostic value of scintigra-
phy is most apparent, and is easiest to justify, in those
cases where optimal exercise cannot be performed and a
standard ECG exercise test has provided inconclusive re-
sults (29). Yet standard vasodilator testing (as with dipyr-
idamole-handgrip) precludes the observation of physio-
logic responses to dynamic exercise (12) and may not
provide adequate image quality (16). VEX can optimize
the diagnostic yield from the clinical, electrocardiographic
and scintigraphic components of the test (/8). Although the
benefit of adding exercise to dipyridamole had been quan-
titated for 'l (16,22), the requirement to produce a ben-
eficial effect on image quality had not been previously
evaluated for sestamibi.

TABLE 3
Exercise Performed after Intravenous Dipyridamole
Patient series—number (%)

Angiographic correlation Revascularization Routine diagnostic
Exercise level 27 Sestamibi 2o Sestamibi 201m) Sestamibi
Isometric 34 (9%) 15 (8%) 15 (6%) 20 (12%) 126 (16%) 50 (17%)

Ergometry

200-300 kpm 89 (25%) 48 (26%) 43 (18%) 39 (23%) 166 (21%) 72 (25%)
400-500 kpm 142 (40%) 61 (33%) 114 (47%) 48 (29%) 283 (36%) 114 (39%)
2600 kpm 94 (26%) 59 (32%) 73 (30%) 61 (36%) 210 (27%) 57 (19%)

Total 359 183 245 168 785 293

VEX-Test with Thallium-201 and Sestamibi ¢ Hurwitz et al.
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FIGURE 3. Means and variation (95% confidence intervals) for
abdominal background ratios on dipyridamole-based tests accord-
ing to the level of dynamic exercise attained after drug administration
(Fig. 1). Patients unable to perform bicycle ergometry after dipyri-
damole performed repetitive isometric exercise (workioad = 0).

In this study, we confirmed that relatively high abdom-
inal background was present on planar images obtained
immediately after dipyridamole-handgrip stress with either
21T} or sestamibi, but that this potential problem could be
progressively reduced by use of bicycle exercise as part of
the VEX procedure; a peak workload of 400 kpm (60 watts)
appeared adequate to achieve some beneficial effect with
either 2°'Tl or sestamibi. With sestamibi, the benefit of
supplemental exercise is maintained for at least 1 hr after
injection and is relevant to the unprocessed data acquired
for tomographic analysis. The effect of ergometry docu-
mented with planar imaging also translates to improved
filtered and reconstructed tomographic images with sesta-
mibi.

In the present large series, gender could be shown to be
a determinant of abdominal background activity with both
perfusion agents (Table 5). This knowledge may be impor-
tant in comparisons of stress modalities carried out in a
smaller number of patients with 2Tl (16,22). The results of
such studies could be distorted by patient selection even
though randomization of subjects had been performed. In
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FIGURE 4. Abdominal background on immediate 2°'Tl images
as quantitated by subdiaphragmatic-to-myocardial ratios. The level
of exercise following dipyridamole is indicated: ISO denotes isomet-
ric (handgrip) exercise; 2-3 denotes 200-300 kpm of ergometry;
4-5 denotes 400-500 kpm of ergometry; =6 denotes at least 600
kpm of ergometry according to the scheme shown in Figure 1. The
bars on the right show similar data for comparable cases stressed
with exercise alone. Numbers under each bar indicate the relevant
number of patient studies. Probability values relate to differences
from the dipyridamole-isometric group. *p < 0.05, **p < 0.005,
*** p < 0.0005.

the present study, a beneficial effect of supplemental dy-
namic exercise on dipyridamole images was demonstrated
independently for both genders with °*T1. This was more
difficult to demonstrate with sestamibi, possibly because of
wider variation among individuals in abdominal back-
ground with sestamibi or to a lesser ““efficiency’” of sup-
plemental exercise in the context of dipyridamole-sesta-
mibi studies. Thus, the net benefit of supplemental exercise

DIPYRIDAMOLE NO DRUG
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FIGURE 5. Abdominal background on immediate and delayed
planar images with sestamibi in the LAO projection. Characterization
of exercise workioads and statistical significance are as shown in
Figure 4.
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TABLE 4
Clinical, Angiographic and Stress-Procedure Factors Correlating with Abdoniqa!-b-Myoeardial Ratios on Planar Stress Images:

Univariate Regression Analysis
Associated correlation coefficient*
Thallium Sestamibi Sestamibi
immediate immediate delayed
Factor Effect? (n = 550) (n = 275) (n=272)
Clinical
Gender (male) l 0.30 0.32 0.29
Infarct t 0.10 0.12 0.17
Hypertension l 0.08 (ns) 0.02 (ns) 0.02 (ns)
Angiographic
Coronary disease * 0.08 (ns) 0.12 0.12 (ns)
Ventricular dysfunction t 0.14 0.15 0.17
Stress mode
Worlkdoad (kpm) l 0.51 0.52 0.51
Dipyridamole 1 0.24 037 0.34
Peak heart rate l 0.37 027 0.25
Chest pain h 0.20 0.23 0.23

*Statistically significant relationship, p < 0.05, uniess otherwise indicated.
*Direction of change for each factor was identical for the three radiotracer/imaging protocols.
ns = not significant, p = 0.05; 1 = increasing abdominal-to-myocardial ratio, i.e., higher background activity.

may be somewhat less with sestamibi than with 2°'Tl, but
this determination may require further study.

Certain limitations of the present study need to be ad-
dressed. Because the scheme for stress-test selection was
implemented in a clinical setting, stress modalities were not
randomly assigned; however, the selection of dipyridam-
ole-based tests rather than exercise alone was usually pred-
icated on factors unrelated to the probability of myocardial
ischemia (e.g., knee arthritis). Measurements of A/M were
performed in batch-mode, but were not coded and blinded,
and thus could have been subject to observer bias. As there
are wide variations in tracer uptake in abdominal regions
adjacent to the myocardium, sampling error may have
played a role, and even resulted in a non-normal distribu-
tion of results, particularly with sestamibi tomograms (Fig.

3). In comparing sestamibi to 2°'T1, however, the measure-
ments suggest relatively higher abdominal background
with sestamibi, even on 1-hr delayed images (Figs. 4 and 5)
and highlight efforts (24) to reduce this problem.

Other recent studies suggest analogous benefits of the
VEX procedure in a wider context. Pennell and Ell (30)
found that the combination of exercise and intravenous
adenosine increases myocardial uptake and decreases ab-
dominal uptake of °'TI when compared to adenosine
alone. Ignaszewski et al. (31) recently reported their expe-
rience confirming the safety and efficacy of routine testing
with combined dipyridamole and treadmill exercise in con-
junction with planar thallium imaging. Improved washout
characteristics on 2°'T1 images (21) as a result of adding
dynamic exercise to dipyridamole may represent another

TABLE 5§
Factors Affecting Abdominal-to-Myocardial Ratios: Multivariate Analyses for Each Radiotracer/imaging Protocol
Factors* and statistical significance
Thallium Sestamibi Sestamibi Sestamibi
immediate planar immediate planar delayed planar short-axis slices
Workioad Workdoad Worldoad Workioad
p < 0.00001 p = 0.00003 p < 0.00001 p = 0.003
Gender Gender Gender Coronary disease
p < 0.00001 p = 0.006 p =0.03 p = 0.02
Peak heart rate Dipyridamole Hypokinesis
p = 0.0001 p = 0.04 p = 0.02
Hypertension Hypertension
p = 0.001 p = 0.05
Infarct
p = 0.005
*In order of statistical significance.

VEX-Test with Thallium-201 and Sestamibi ® Hurwitz et al.
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advantage of the VEX procedure. The current study sug-
gests that at least some of the benefit (13, 32) of the VEX
procedure (32) will be applicable during the era of tomo-
graphic imaging and *™Tc-based perfusion agents.
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