
imaging makes this a very attractive agent for evaluating
patients with coronary artery disease. A first-day exer
cisc study followed by a second-day rest study was
originally proposed due to the prolonged myocardial
retention and the large amount of abdominal activity
(4). However, the simplicity of a one-day study would
be desirable for clinical application of this radiophar
maceutical. Therefore, the purpose of this study was to
explore the feasibility of performing rest and exercise
99mTcsestamibi studies on the same day using RNA

and SPECT imaging in conjunction with treadmill test
ing.

MATERIALS AND METHODS

StudyPopulation
Thirty-fourasymptomatic volunteers with less than a 5%

likelihoodof havingsignificantcoronaryartery diseasebased
on sex, age, and exercise treadmill results were prospectively
studied (5). There were 27 men and 7 women with a mean
age of 46 yr (range 31â€”76).Seventeen subjects were studied
using a one-day protocol (Group I) and another 17 using a
two-dayprotocol (Group II). Baselineand treadmill charac
teristicsofthe subjectsin the two groupsare listedin Table 1.
The protocol was approvedby the Institutional Review Board
of Duke University Medical Center. Informed consent was
obtained from each subject priorto the conduct of studies.

Restand ExerciseStudies
After skin preparation and local anesthesia,a sterile 20-

gauge 1.25 in. intravenous catheter was placed into an external
jugular or antecubital vein for injections of radiopharmaceu
ticals. For the one-day studies, â€˜.-lOmCi of@mTc@sestamibi in
1 cc normal saline were flushed in as a bolus with 10â€”20cc
normal saline while the resting RNA was acquired with a
multicrystal gamma camera (ScinticorTM, Milwaukee, WI).
One hour later, SPECT images were acquired. A five-minute
45â€¢left anterioroblique(LAO)planarimagewas then oh
tamed. After rest perfusion imaging, the patient had an exer
cise treadmill test using the Bruce protocol. When 85% of age
predictedmaximalheart rate wasachieved, @.-30mCiof99mTc@
sestamibi were administered in a manner similar to the rest
study, and counts were recordedwith the multicrystalgamma
camera. Exercisewas terminated 1 mm after injection. Exer

Thepurposeof this studywas to explorethe feasibilityof
performing rest and exercise technetium-99m-sestamibi
(@â€œTc-sestamibi)studies on the same day. We prospec
tivelystudied34 asymptomaticvolunteersusingtwo dif
ferent protocols(i 7 patientsstudiedusingone-day pro
tocoland 17 patientsstudiedusingtwo-dayprotocol).For
the one-day protocol, the rest study was performed first.
For the two-day protocol, the exercisestudy was per
formed first followed by a second-day rest study. Left and
right ventricular ejection fractions, myocardium/lung, myo
cardium/liver, myocardium/spleen, and myocardium/gall
bladdercountratiosweresimilarfor theone-andtwo-day
groups. No significantdifferencewas observed in any
variablemeasured.Thesedata suggestthat @â€œTc-sesta
mibican be used for rest and treadmillexercise studies
performed on the same day to provide assessment of
ventricularfunctionand perfusionsimilarto studies per
formed on separate days.
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he new radiopharmaceutical CardioliteTM(techne
tium-99m-methoxy isobutyl isonitrile or sestamibi)
(E.I. Du Pont de Nemours and Company, Inc., N.
Billerica, MA) allows assessment ofventricular function
and perfusion with a single tracer injection ( 1,2). Tech
netium-99m-sestamibi (99mTc@sestamibi) is lipophilic,
binds to a cytoplasmic protein (3), and has a very slow
washout from the myocardium with no significant re
distribution (4). The liver demonstrates a high uptake
immediately following injection and marked clearance
in about one hour with excretion into the small intestine
(4). The possibility of using exercise treadmill testing
in conjunction with first-pass radionuclide angiocar
diography (RNA) followed by single-photon emission
computed tomography (SPECT) or planar perfusion
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FIGURE1
Data-acquisitionprotocolfor a one-day @â€œTc-hexamibiper
fusion (SPECT)and function(RNA)study.

resolution collimator and interfaced to a computer (Medasys
ParagonTM,Ann Arbor, MI). SPECT acquisition was per
formedusinga 180Â°arc from 45Â°rightanterioroblique (RAO)
to 45Â°left posterior oblique (LPO) with 64 stops imaging for
30 sec per stop. Images were recorded on a 64x64 matrix and
stored on floppy disk for subsequent analysis. All images were
prefiltered followed by transaxial reconstruction which em
ployed a standard backprojection technique with a Butter
worth filter(order 5%and 20% cutoff). Reconstructed tomo
graphic slices with 6 mm thickness were reoriented in the
short and vertical long axes and displayed on a color monitor
for visual interpretation.

PlanarImaging
The LAO planar image was acquired to assess ratios of

organ and â€œbackgroundâ€•to myocardium at rest and exercise.
Small regions of interest (3x3 pixels) were placed over the
myocardium,lung,spleen,liver,and gallbladder.A4x I 1pixel
backgroundregionwasplacedimmediatelybelowthe inferior
wall of the left ventricle (Fig. 4). Mean counts per pixel in
eachregionwereobtainedto calculatethe myocardium/organ
ratios. The inferoapical region of the myocardium was used
for the myocardium/abdominal organ and myocardium/
backgroundratios.The posterolateralregionwas used to assess
myocardium/lungratios. Myocardium/spleen,myocardium/
liver, and myocardium/gallbladder ratios were obtained in 17
subjects (ten Group I and seven Group II). Myocardium/lung
and myocardium/background ratios were obtained in all sub
jects. The 45Â°LAO planar images were graded by two inves
tigators blinded to the type of study (one- or two-day) to
evaluate the scatter from the abdominal activity into the

Day Two

cise SPECT images were acquired starting 1hr after the second
injection. The exercise planar image was then obtained for
five minutes in the LAO position. The total rest and exercise
evaluation did not take more than 4 hr (Fig. 1).

For the two-day studies, the exercise was performed on the
firstday,and the rest studywasperformedon the secondday.
The studies were performed in a fashion identical to the same
day protocol except the exercise study was obtained using only
10 mCi oftracer (Fig. 2).

RNAStudies
RNAs were acquired in the anterior projection at 20-msec

intervalsusinga portablemulticrystalgammacamera(Fig.3).
The total acquisition time was 24 sec. Each 20x20 pixel
radionuclideimagewasstoredon a high-speedmagneticdisk.
All the RNA data were processed using commercial software
developed and validated at this institution (6). The histogram
of counts as a function of time was used to identify end
diastolic and end-systolic frames. Beats which were at least
70%of the count activityofthe maximum beat wereselected
for processing. Left ventricular ejection fraction (LVEF) was
calculated from the background-corrected representative
cycle. The left ventricular volumes were calculated by the
area-length method of Sandler and Dodge ( 7). Regional wall
motion was assessed using static images and a cinematic
display of the entire representative cycle. Regional ejection
fraction was evaluated using circle-normalized contours. The
left ventricular images were divided into the anterior, apical,
and inferiorwalls and were quantitatively analyzed using the
diastolic and systolic contours.

SPECTStudies
Perfusion imaging was performed using a rotating gamma

camera (Siemens OrbiterTM,DesPlaines, IL) fitted with a high

Exercise
RNA

(10mCi)

20

Hours Hours
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TABLE 1
Characteristicsof StudyPopulation

Day One
Rest
RNA

(10mCi)

FIGURE2
2 Data-acquisitionprotocolfora two-day

@â€˜Tc-hexamibiperfusion (SPECT) and
function(RNA)studies.



GrouplGroupllpRVEFRest52Â±8.452Â±6.8nsExercise61

Â±7.066 Â±10.3nsLVEFRest59

Â±7.459 Â±4.7nsExercise67
Â±6.666 Â±7.4nsLVEDVRest133

Â±291 24Â±21nsExercise187
Â±38181 Â±47nsLVESVRest54Â±1850Â±11nsExercise62

Â±1761 Â±21nsLV
strokevolumeRest74Â±1478Â±16nsExercise120Â±32125Â±29nsCardiac

outputRest5.6
Â±1.45.3 Â±1.0nsExercise19Â±5.619Â±4.8nsCardiac

indexRest2.9
Â±0.72.7 Â±0.5nsExercise10.0
Â±3.09.9 Â±2.6nsRV

= rightventricularandLV = left ventricular.

myocardialactivity. Any disagreementwas decided by con
sensus of the two readers.

Data Analysis
Baseline clinical characteristics were compared between

Group I and Group II using Chi-square analysis. Exercise
treadmill,ventricularfunction,and myocardialperfusionvan
ables were compared between Groups I and II using the
unpaired t test. Results are expressedas mean Â±1 s.d. A
probabilityvalue(p < 0.05)wasconsideredsignificant.

RESULTS

StudyPopulation
The characteristicsof the two study groups were not

significantly different (Table 1). The age, treadmill re
sults, and likelihood of disease of the two groups were
similar.

FunctionVariables
Table 2 shows the global functional variables oh

tamed with the RNA at rest and during exercise. The
global functional parameters were not significantly dif
ferentbetween the one-day study and the two-day study.
The regional ejection fractions were also similar for the
two different protocols (Fig. 5).

PerfusionVariables
Rest myocardium/organ ratios were not significantly

different for the one- and two-day studies: myocar
dium/lung (2.6 Â±0.6 and 2.9 Â±0.4), myocardium/
background (1.6 Â±0.4 and 1.4 Â±0.2), myocardium/
liver (2.0 Â±0.4 and 2.0 Â±0.6), myocardium/spleen (1.6
Â±0.4 and 1.7 Â±0.6), and myocardium/gallbladder (0.8

TABLE 2
RNAResults

FiGURE 3
Exerciseinitial-transitANA performedon a treadmill.

inferoapicalwall of the left ventricle. A score of 0 was given
for no scatter,a score of 1was given forthe presenceof scatter
above backgroundwhich did not affect image interpretation;
and a score of 2 was given if the scatter was similar to

FIGURE4
Planarimage(45Â°LAO)with limitedROIs.
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Anterior Inferior Apical Technetium-99m-sestamibi gated perfusion images
have also been used for rest and exercise functional
assessment of the left ventricle (14,15). This approach
permits wall motion analysis in regions without a per
fusion defect. However, measurements of LVEF are
limited and measurements of right ventricular ejection
fraction may be impossible with this technique.

High residual background from a first injection has
been thought to preclude the performance of a second
study on the same day. The large amount of radioactiv
ity in the abdominal cavity, particularly in the liver,
might obscure inferior wall perfusion defects and inter
fere with quantitative analysis of planar images. Our
results found no difference in the ratios of myocardial/
abdominal organ activity ratios between one- and two
day studies in normal volunteers. Visual analysis of the
images demonstrated minimal evidence of scatter into
the myocardium, and there was no difference in the
number of subjects with scatter in the one- and two
day protocols. It is unlikely that perfusion defects would
be missed due to scatter from abdominal activity in a
one-day study but would be identified on a two-day
study.

Recently, Taillefer et al. (16,1 7) reported the per
formance ofsame-day rest and exercise @mTc@sestamibi
perfusion studies. Abnormal/normal myocardium
count ratios were similar for one- and two-day studies.
Furthermore, when the exercise was performed before
the rest study, some of the fixed perfusion defects did
show reversibility on the rest/exercise study protocol
(14). Therefore, they concluded that the same-day rest!
exercise sequence would be preferable. However, car
diac function and myocardium/organ ratios were not
measured and compared to a two-day protocol.

Our study clearly documents the feasibility of per
forming same-day rest and exercise @mTc@sestamibi
studies to assess perfusion and function in conjunction
with treadmill testing. No significant difference was
observed between one- and two-day studies as defined
by the myocardium/organ ratios, subjective image
analysis, and functional variables. Further studies com
bining the treadmill, RNA, and SPECT are necessary
to confirm the enhancement ofdiagnosis and prognosis
in patients with coronary artery disease.

These data demonstrated no difference for parame
ters of function and perfusion at rest and during tread
mill exercise when 99mTc@sestamibistudies were corn
pared, using one-day and two-day protocols in subjects
with less than a 5% likelihood of coronary artery dis
ease.

100
@ OneDay

. TwoDay @- --

Re@onal@@ i:i I@ I I@ I I

RestExercise Rest Exercise Rest Exercise
FIGURE5
Comparisonof regionalLVEFfor one- and two-day studies.

Â±0.3 and 0.7 Â±0.6). Exercise myocardium/organ ratios
were also similar for both studies: myocardium/lung
(2.8 Â±0.4 and 2.9 Â±0.5), myocardium/background
(2.5 Â±0.6 and2.8 Â±0.6), myocardium/liver(2.8 Â±0.5
and 3.2 Â±0.7), myocardium/spleen (2. 1 Â±0.7 and 2.7
Â±0.8), and myocardium/gallbladder (1.2 Â±1.0 and 1.2
Â±0.7) (p = ns for all variables measured).

ScatterfromAbdominalCavity
There was no significant difference for the Oroup I

and Oroup II studies in scatter into the inferoapical
walls on the exercise studies. Only one subject had an
exercise study with scatter rated other than 0. This
subject was from the same-day study protocol and had
scatter to the inferoapical wall which did not interfere
with interpretation. There was also no difference be
tween the rest studies of the two protocols. Three sub
jects on the two-day study and two subjects on the one
day study had a scatter score of 1.

DISCUSSION

Radionuclide angiocardiography and thallium-201
(20'Tl) scintigraphy have been used to assess function
and perfusion in patients with coronary artery disease
((8â€”10). The routine performance of these two studies
on the same patient is limited by economic and prac
tical considerations, such as two exercise tests on sepa
rate days. Moreover, two radionuclide tests using dif
ferent tracers result in additional radiation exposure.
Assessment of left ventricular function and perfusion
using only one exercise stress session has been previ
ously reported using gold-195m or iridium-191m in
conjunction with 20'Tl (1 1,12). However, gold-195 and
other ultrashort-lived isotopes have not become avail
able commercially.

Planar and SPECT imaging obtained using the new
radiopharmaceutical @mTc@sestamibihave been shown
to be equivalent to 20'Tl perfusion studies for diagnosis
of coronary artery disease (4,13). Simultaneous assess
ment of ventricular function and perfusion at rest has
been previously reported using 99mTc..sestamjbj (1).
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