
xercise myocardial scintigraphyis a useful tool for
diagnosing and assessingthe severity of coronary artery
disease (CAD) and/or assessing the physiologic signifi
cance of a known stenotic lesion. Thallium-201 (20111)
is currently the most widely used radiopharmaceutical
for perfusion scintigraphy. However, thallium is not an
ideal agent because of a low gamma photopeak energy
that limits resolution, a relatively long half-life that
limits the administered dose, and its high cost.

Technetium-99m (99mTc)has much more favorable
imaging and dosimetry characteristics, spurring ra
diochemists to develop a technetium-labeled myocar
dial perfusion imaging agent. SQ30217 (Cardiotec,
Squibb Diagnostics, Princeton, NJ) is a boronic acid
adduct of technetium oxime (BATO), one of a class of
neutral lipophilic @mTc@labe1edcompounds. This agent
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has been shown to have high myocardial extraction,
low lung uptake, and rapid blood clearance in a Phase
I evaluation ofbiodistribution and cardiac imaging (1).
Myocardial uptake was rapid with excellent myocardial
visualization at 2 mm after injection. Myocardial clear
ance was also rapid, showing biexponential clearance
with half-times of 2 mm (68%) and 78 mm (32%) (2).
Blood clearance was rapid with only 9.5% of the dose
remaining in the circulation 15 mm after injection.
Significant uptake was observed in the hepatobiiary
system, which is the major route ofexcretion. Radiation
dosimetry showed that the liver and intestine were the
targetorgans.

The purpose of this Phase II study was to compare
20111 and SQ30217 planar myocardial imaging in nor

mal volunteers and patients with coronary â€˜arterydis
ease to compare the two methods for detecting the
presence of CAD and for identifying abnormal vessels,
and to obtain additional information on myocardial
tracerkinetics in man.
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Myocardialperfusionin ten normalvolunteersand20 patientswith coronaryarterydisease
documented by recent coronary arteriography was studied with @Tc-labeledSQ30217 and
20111. Plantar 20111 imaging followed standard treadmill exercise and planar SQ30217 imaging

followeduprightbicydeexercise,performedto angina,or the samedoubleproductachieved
on the treadmill test. Upright anterior, 30Â°left anterior oblique, and 60Â°left anterior oblique
imageswereobtainedfor 3, 6, and9 mm,respectively,starting2 mmafter injectionof 15 mCi
of @TcSQ30217. A second15-mCidosewas injectedat rest@ 2 hr later,and the same
Imagingprotocolwas followed.No adversereactionsor laboratoryabnormalitiesattributable
to SQ30217wereobserved.Allscansonthenormalvolunteerswereinterpretedasnormal.
Qualitativereadingsof bothtests wereequallysensitivefor detectingpatientswith coronary
disease(SQ30217 - 16/20, TI - 17/20, p=NS) and identifyingabnormalvessels(SQ30217 -
19/45, TI- 21/45, p=NS). Both agents were falsely positive in 1/1 5 vessels. Ten vascular
regionsshowedpersistentabnormalitieson restingSQ30217 scans;eightof thesewere
distal to stenoses of at least 90% and three were also abnormal on thallium redistribution
images.Hepaticuptakeof SQ30217 obscuredinferoapicalsegmentsin someviewsin 14/20
patientsbut did not interferewith abnormalvesselidentification.
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MATERIALS AND METHODS

Patient Population
Thallium exercise and redistribution scans and SQ30217

exerciseand restscanswereperformedin 33subjects.Allgave
informed consent to participate in the study, which had been
reviewedand approved by the Institutional Review Board.
Ten young healthy male volunteers (mean age 26 yr) without
riskfactorsforCADservedas a normalgroup.The remaining
23 participants (19 males, four females; mean age 55Â±9yr,
range 35-68 yr) had @Â°â€˜11stress imaging for clinical indica
tions. None hada historyofprior infarction.All ofthe patients
except one (who was excluded from further analysis) had
coronary artenography documenting the extent ofCAD. The
meantime intervalbetweenthe thalliumand SQ30217studies
was 14Â±21days. Single plane coronary arteriography was
performedin 22/23 of the patients.The meantimebetween
the 5Q30217 study and arteriographywas 2 1Â±21days.

Exerciseand ImageAcquisitionProtocols
Exercisemyocardialperfusionscintigraphywith @Â°â€˜T1was

performedusing a treadinifiand the Bruce protocol.For
normal subjects exercise was limited by fatigue or achievement
of 85% of age-predictedmaximum heart rate. In the patient
groupexercisewaslimitedbyangina,dyspnea,and/orfatigue.
A 2.2 mCi dose of @Â°â€˜Tlwas then injected and exercise
continued for 1 additional minute. The patient was placed
under a gamma camera and 10-mm 128x128 pixel images
were acquiredin the 30 left anterioroblique (LAO), anterior,
and 60 LAO projections. Four hours later redistribution
images were obtained in the same views with a 14-mm acqui
sition time per view.

ExerciseSQ30217imagingwasperformedfollowingbicycle
exercise.The patientwasseateduprighton an ergometertable.
A gammacamerawaspositionedin theanteriorviewusinga
transmission source to localize the heart. Continuous upright
gaded bicycleexercisewasperformedstartingat a workload
of 150 kpm and increasing in steps of 150 kpm every 3 mm
until the achievementofthe samedoubleproduct reachedon
the thallium stress test or to typical angina. At peak exercise
15mCi of@mTcSQ30217 was injectedand exercisecontinued
for 90 sec at a reduced work load. Dynamic l28x128 pixel
imaging in the anteriorprojectionat 10 sec/frame was started
atthetimeofinjectionandcontinuedfor5 mm.Thecamera
was then repositioned into the 30Â°LAO projection and a
@-mindynamic acquisition was obtained, followed by a third

acquisitionof 9 mmin the60Â°LAOprojection.Theimaging
timeswereselectedto achievesimilarleft ventricularcounts
in the three projections, taking into account the myocardial
washout rate. The time interval between each ofthe sequential
acquisitions was 30 sec.

Approximately 2 hr after the exercise injection, the subject
was again seated on the bicycle. Residual hepatic activity was
used as a landmark to position the patient for the initial
anterior view. A second 15-mCi injection of SQ30217 was
given,andthesameimagingprotocolasdescribedabovewas
used. Vital signs and ECG were monitored in all subjects
before, during, and after SQ30217 imaging.

SQ30217Preparation
SQ30217 was supplied in kit form as a lyophilized powder

in sterile evacuated vials. Seventy-five millicuries of @Tcin

1 cc of 0.9% NaC1 were added to the contents of the vial.
Only eluate from a generator that had been previously eluted
at leastoncewasused.Thevialwasshakenfor 1mm,placed
in a 100Â°Cwater bath for 15 mm, and then allowed to cool.
Both exercise and rest injections were made from the contents
of the same vial. Fifteen millicuriesdoses were drawn from
thevialjustpriorto eachinjection.

Thepresenceoffreepertechnetateandreducedhydrolyzed
technetium species was monitored with paper chromatogra
phy. One drop of the preparationwas placed on each of two
1.3 cm x 11 cm Whatman 31ET strips.One strip was devel
o_ in normalsalinewhile the otherwas developedin a
50:50 (by volume) normal saline/acetone solution. The crite
rion for injectionwas that the sum of free and reduced
technetium species be <10%; the mean bound activity in our
group was 92.6 Â±2.3 %.

ImageProcessingand Analysis
The dynamicSQ30217imagesweresummed,excluding

the initial 2 mm of blood-pool activity on the anterior view.
This process yielded images in the anterior (3-mm summa
tion), 30Â°LAO (5-mm summation), and 60 LAO (6-mm
summation)projections,whichweredisplayedusinga linear
black-and-whitescale.Upperandlowerthresholdvalueswere
individually set for each image so that background activity
adjacent to the myocardium was almost completelyeimi
natedand so that the areaofthe myocardiumwith the greatest
activity was displayed at maximum intensity.

Thallium-20l and SQ30217 exercise and redistribution!
rest images were interpretedby three independent observers
who wereunawareof the resultsof the otherstudies.Disa
greements in interpretation were resolved by consensus review
of the image&Regional perfusion abnormalities seen on the
scans were assigned to one often wall segments corresponding
to the vascular distribution illustrated in Figure 1, and were
correlated with the angiographic findings@Paired comparisons
between 20111and SQ30217 scans were performed using
McNemar'stest(3).

TherateofwashoutofSQ3O2l7activityfromthemyocar
diumwasevaluatedby usinga myocardialregionof interest
drawn from the summation image in each view to generatea
three-phase(one phase foreach view) myocardial time-activity
curve.The regionsweredrawnto excludeoverlappinghepatic
activity. A sample curve us shown in Figure 2. A monoexpo
nential curve was fitted to the first 3 mm of each phase
(anteriorview,2â€”5mm;30 LAO,5.5â€”8.5mm;60 LAO,12â€”
15 mm) to generate a net clearance half-time for that phase.

RESULTS

Detection of CAD and Vessel Identification
Normal subjects. No abnormalities in myocardial

perfusion were seen in either the @Â°â€˜11or SQ30217
studies performed on the normal volunteers. Exercise
thallium scans showed a mean of 102k counts over the
myocardium, dropping to 86k on the redistribution
images. Exercise SQ30217 scans had mean myocardial
counts of 107k. 143k, and 171k, respectively, for the
three summed images, which increased by @@-l00k
counts on the subsequent restingstudies. The SQ30217
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FIGURE1
Diagramof planarmyocardialimages
showingthewallsegmentsthatwere
evaluated and the corresponding
coronary arterial supply.
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scans showed increasinghepatic activity over the course
of each imaging study and significant residual hepatic
activity from the exercise study on the subsequent
resting scan (Fig. 3). This activity precluded visualiza
tion of 9/100 segments on the exercise scans and 16/
100 segments on the rest scans. The nonvisualized
segments were in the inferoapical regions on either the
shallow or steep LAO view. In all cases the vascular
territoryinvolved was visualized on another image.

CAD Patients
Scan data were analyzed for 20 of the 23 patients

injected with SQ32017 during exercise. Three patients
were excluded from analysis: one patient did not have
coronary arteriography; one patient moved during the
anterior image acquisition, which was the only projec
tion that showed a thallium perfusion defect; and one
patient did not perform sufficient exercise to raise her
heart rate above 100 on either the SQ30217 or thallium

FIGURE2
Time-activitycurveoverthe myocar
diumfollowingthe injectionof @â€œTc
SQ30217 during exercise. The
points representcounts in each 10-
sec intervalduringthe anterior,30Â°
LAO, and 60Â°LAO acquisitions. The
breaks in the curve (shown by the
changeinplotsymbol)occurredeach
time the camera position was
changed.Followingblood-pooldear
ance and decay of the fast dearance
component, the change in myocar
dialactivityis small.

exercise study. Perfusion abnormalities were seen on
the 20111studies of 17/20 (85%) patients and on the
SQ30217 studies of 16/20 (80%) patients (Fig. 4). This
difference was not statistically significant. The exercise
studies alone in all cases were sufficient to identify these
abnormalities. Relatively intense hepatic uptake ob
scured inferoapical segments in the SQ30217 studies of
15/21 patients. However, these segments were seen in
multiple views and in no case did we fail to identify a
vascularabnormality because of an obscured segment.

Coronary arteriography revealed 45 coronary arteries
with significant (>70%) stenoses in the patient group
analyzed. Three patients had single vessel disease, nine
had double vessel disease, and eight had triple vessel
disease. Seventeen LAD vessels were abnormal, 15 RCA
vessels were abnormal, and 13 LCF vessels were abnor
mal. The true-positive and false-positive rates for each
perfusion agent are shown in Table 1. SQ30217 showed
a relatively greater sensitivity for LAD lesions and a
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FIGURE3
A: Normalthalliumexercise(top)and
redistribution (bottom) images in the
anterior, 300@ and 60Â°LAO
views. B: Corresponding normal
SQ30217 exercise (top) and rest
(bottom) images. The progressive in
crease in hepatic activity during im
agingisevident.Residualhepaticac
tivityfrom the initialinjection makes
the liver more prominent on the rest
ing views.
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relatively lower sensitivity for RCA and LCF lesions as
compared to 20111in patients with multivessel disease,
but with this small patient sample there were no statis
tically significant differences between the two agents for
the identification of abnormal vessels.

Comparison of Thallium Redistribution with SQ30217
Rest Images

Although none of the patients had history of ECG
evidence for prior infarction, three thallium scans
showed minimal redistributionand ten SQ30217 scans
(which included the three thallium abnormalities)
showed persistent perfusion abnormalities on the rest
scans (p<0.05) (Fig. 4). Eight of these ten persistent
SQ30217 abnormalities (including the areas also abnor
mal by thallium) occurred in vascular territories distal
to a stenosis of at least 90%.

5Q30217 Myocardial Washout Rates
Mean myocardial washout half-times for the three

exercise and rest views, corresponding to increasing
time after injection, are shown in Table 2. There were
no significant differences in washout rates between the
normal volunteers and the CAD patients except for the
last phase of the second (resting) study, for which the
CAD patient washout rate was significantly (p<0.01)
longer than for the normal group (50 mm vs. 31 mm).
For normal volunteers, during the last phase (12-15
mm postinjection) ofthe study there was no significant
difference between the exercise and resting washout
rates;for the earlierphases exercise washout was signif
icantly faster than rest washout (2-4 mm: p<0.005;
5.5â€”8.5mm: p<0.02). Exercise washout was signifi
cantly faster than rest washout during all phases for the
group of patients with CAD.
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FIGURE4
A: Thalliumexercise(top)and redis
tribution (bottom) images in the an
tenor, 30Â°LAO,and 60Â°LAOviews
in a patient with 99% occlusion of
the LAD. There is increasedlungac
tivity anddecreasedperfusionof the
septum, anterolateral wall, and apex
at exercise.A persistentapicalde
fect remains on the redistribution im
ages. B: CorrespondingSQ30217
exercsse(top) images show the same
areas of decreasedperfusion.The
rest (bottom)images show a apical
defect only on the anterior image.
Hepaticactivityon the steepoblique
view obscuresthe inferoapcalseg
mentontheexerciseimageandthe
anteroapical and inferoapical sag
mentsontherestimage.

Adverse Reactions/Laboratory Parameters
The results of blood chemistry and hematology tests

obtained before and after administration of @mTc
SQ30217 showed no differences that were attributed to
tracer administration. Most ofthe individual postinjec
tion values showed less than a 10%change from base
line measurements. None of the individual postinjec

TABLE I
AbnormalVesselIdentification

tion laboratory results were in the abnormal range with
the exception of a patient with chronic active hepatitis,
whose baseline liver function tests were abnormal, and
who showed less than a 10% change postinjection.
There also were no significant changes in either the
mean or individual values for vital signs. No adverse
effects attributable to the radiopharmaceutical were
detected. Earlyin the study, one patient and one subject
experienced vasovagalepisodes because ofthe necessity
of maintaining an uprightposture, sitting on an unpad
ded bicycle seat for @40mm. This problem was reme
died by padding the bicycle seat and asking the patient
to continue to slowly move the bicycle pedals (without
ergometer resistance) throughout the imaging.

DISCUSSION

Thallium-201 myocardial perfusion scintigraphy is a
valuable means for detecting the presence of significant
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ExercisewashoutTÂ½Anterior
6.6 Â±07*7.0 Â±1.8*NS.LAO

30 15.1Â±1.9@14.4 Â±3.T@NS.LAO
60 32.2Â±13.1*34.9 Â±21.4@NS.Rest

washoutTÂ½Anterior
9.1 Â±2.3*9.4 Â±2.8*NS.LAO

30 22.0Â±7.l@18.5 Â±S.2@NS.LAO
60 30.8Â±9.5@49.7 Â±17@3@p<0.01Exercise

vs. rest:@ p <0.005.tp.<O.02.*

p = NS.

TABLE2
MyocardialWashoutRates

Normal CAD
volunteers Patients

adduct of technetium oxime (BATO), a class of corn
pounds which are formed by template synthesis (7). In
isolated perfused rabbit hearts, Meerdink et al. have
shown that over a wide range of myocardial blood flow
rates the myocardial extraction for 99mTc SQ30217 is
significantly higher than that of 201T1or 99mTcMIBI
(mean 0.76 Â±0.09 vs. 0.62 Â±0.09 vs. 0.30 Â±0.10,
p<0.OOl) (8â€”10).In addition, 99mTc SQ30217 had a
significantly greater capillary permeability-surface area
product than 201fl or 99mTcMIBI, suggesting that it
might be a better indicator of myocardial perfusion.
These preclinical studies suggested that SQ30217 had
the potential to be a good myocardial perfusion imaging
agent.

Early Phase I biodistribution studies performed by
Coleman et al. (2,11) demonstrated myocardial visual
ization by 1 mm postinjection, with peak myocardial
uptake of 2.3Â±0.8% of the injected dose. Blood levels
of SQ30217 declined from 39% of the injected dose at
90 sec to 9.5%at 15 mm. Myocardialwashout followed
a biexponential washout patternwith a 2-mm fast corn
ponent and a 78-mm slow component. The target or
gans were the liver (0. 12 rad/rnCi) and the large bowel
(0. 11 md/mCi).

The present study was designed as a trial to evaluate
the safety and efficacy of99mTc SQ30217 to detect CAD
by planar imaging in a larger group of normals and
patients with CAD. There were no significant changes
in vital signs of laboratory parameters following injec
tion of@mTc SQ30217, and no patient or subject noted
any adverse symptom. Our protocol used upright bicy
dc exercise so that we could monitor radiopharmaceu
tical kinetics by beginning imaging from the moment
of injection, while minimizing splanchnic uptake. The
high administered dose possible with a @mTc@labeled
tracer allowed statistically satisfactory images to be
obtained from successive 3-,$-, and 9-mm data collec
ton times following clearance of th@initial blood-pool
activity. We saw no difference bet@@n qualitative inter
pretations of SQ30217 and 20111studies in their ability
to detect the presence of coronary artery disease. In
patients with multivessel disease SQ30217 scans ap
peared to be superior for detection ofLAD lesions while
201Tldetected more RCA and LCF lesions, but these
differences did not achieve statistical significance.

Hepatic activity is initially low, but rapidly increases
relative to the heart so that hepatic activity is dominant
by 5â€”10mm. In some patients, hepatic activity project
ing over the diaphragmatic surface of the heart pre
cluded adequate visualization of the anteroapical and
inferoapical segments of the myocardial wall on the
steep oblique view. This problem was more pronounced
following the second injection of tracer, since a signifi
cant amount of residual hepatic activity from the first
injection was already present. This limitation did not
affect identification of abnormal vessels in our series

myocardial ischemia by comparing exercise and redis
tribution studies. There are several major limitations to
the use of thallium. It has a long physical half-life
restricting the total dose that can be administered to
patients which limits the count rate that can be
achieved, thus requiring relatively long scanning times
of from 30 to 45 mm. Slow myocardial clearance pre
cludes true exercise and rest imaging studies from being
performed on a single day. Redistribution images taken
several hours after the exercise scan in most cases
approximate the distribution of activity that would be
seen on an injection made at rest. However, incomplete
redistribution may make it difficult to distinguish be
tween infarction and ischemia, and rapid redistribution
may hide ischemic zones before they can be visualized.
The necessity for the patient to refrain from eating until
the redistribution images are completed and the length
of the entire procedure are also undesirable. The prim
ciple emitted gamma photon range (Hg x-rays) is not
optimal for Anger camera imaging, and the cost of
thallium is relatively high.

Technetium-99m has superior imaging and dosime
try characteristicsas compared to thallium and is read
ily available in nuclear medicine/nuclear cardiology
labs. Suitable technetium-labeled myocardial imaging
agents have been sought after for some time. Some
radiopharmaceuticals which showed promise in animal
models yielded disappointing results in humans (4).
More recently, myocardial perfusion images similar to
those obtained with thallium have been obtained with
a new class of monocationic technetium-labeled phar
maceuticals, the isonitriles, the most promising of
which is 99mTcMIBI (5). This agent enters the myocar
dium by passive diffusion and remains within the myo
cardium for a prolonged period of time due to binding
to intracellular protein. Relatively little redistribution
occurs (6).

In contrast to these cationic agents, 99mTcSQ302 17
is a neutral lipophilic compound. It is a boronic acid
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since all abnormal vessels produced defects in other,
visualized wall segments.

SPECT imaging may decrease hepatic interference
with visualization ofthe myocardium. Cardiac SPECT
imaging should not begin until 10 mm after exercise
because of the changing position of the heart prior to
that time (â€œcardiaccreepâ€•)(12). The short TÂ½of the
fast component of myocardial washout means that
almost 95% of the activity remaining at 10 mm after
injection is due to the slow (78 mm) clearance compo
nent. The myocardial activity from technetium-labeled
SQ30217 would therefore be changing slowly after this
time. There would still be a high photon flux (-â€˜@-19k
cts/min) as compared to thallium (-@4Okcts/min) that
would permit a short (5â€”10mm) SPECT acquisition
time.

A possible limitation in the use of SQ30217 is the
persistence ofabnormalities on resting studies following
the exercise scans. While these persistentdefects do not
hinder the detection of the presence of coronary artery
disease,it may be difficultto distinguishbetweenische
mia and infarction. This Phase II study was performed
employing only an exercise-rest imaging protocol. It is
possible that activity from the second (resting) injection
was unable to completely mask an initial exercise per
fusion defect; 80% of persistent defects in this study
were in regions distal to high-grade (>90%) stenoses
which would be expected to produce the greatestexer
cise perfusion deficits. Such results have been reported
with same-day exercise-restMIBI tomographic imaging
protocols (13), in which rest defects present on the
exercise-restimages were not seen when the restingscan
was performed first. The longer washout period for the
late resting views in the patients with coronary disease
may also be due to the influence of residual activity
from the initial injection, although in the absence of
studies of the mechanisms of uptake and washout of
SQ30217 in ischemic myocardium a true pharmaco
logic effect cannot be excluded.

All three myocardial perfusion imaging agents
17 thallium, and technetium-labeled MIBI

may find a place in clinical use. The technetium-labeled
agents have more favorable imaging and dosimetry
characteristics, resulting in a sufficiently high photon
fluxto permitfirsttransitventricularfunctionstudies
with bolus injection of the radiopharmaceutical (14).
SQ30217 allows more rapidcompletion ofexercise and
restingmyocardialperfusionstudiesthan thafflum,and
the use of two independent injections provides greater
flexibility in scheduling the exercise and rest imaging
studies. This agent may be well suited for use in con
junction with SPECT imaging. SQ30217 may also
prove particularly attractive to those laboratories that
currently do bicycleexerciseventricularfunction stud
ies to diagnose ischemia, permitting visualization of
myocardial perfusion without major changes in the

exercise protocol. The prolonged myocardial residence
time of MIBI permits visualization of myocardial per
fusion at a time remote from the injection, which could
be of particular use in studying acute ischemic syn
dromes and the effect of interventional procedures.
Thallium may still have a role because of the extensive
experience with its use for standard treadmill exercise
testing with subsequent exercise and redistribution im
aging.

In summary, @â€œTcSQ30217 is a new myocardial
perfusion imaging agent which has rapid myocardial
uptake, allowing imaging to begin within 2 mm follow
ing injection. Myocardial clearance is relatively rapid,
so that a second study can be performed within 2 hr. A
planar exercise and rest @TcSQ30217 study can be
completed fasterthan planarexercise and redistribution
20111 images, and in this limited series using qualitative

analysis was equally sensitive for detecting coronary
artery disease. Hepatic uptake may interfere with vis
ualization of some myocardial segments, especially on
steep oblique views following the second injection. The
agent may be well suited for SPECT imaging. which
may overcome this hepatic interference with myocar
dial visualization.
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