
myocardial extraction (allowing imaging to begin within 2
mm) and fast myocardial clearance (thereby requiring a
rapid imaging protocol that starts within 2â€”3mm of
injection and must be completed within 10 mm). Prelim
mary reports utilizing 99mTc@teboroximeand conventional
planar and SPECT scintigraphy have shown good corre
lation with 201Tlscintigraphy and with coronary arteriog
raphy(2â€”11).

This study reports on our experience utilizing a single
detector SPECT camera with a dynamic continuous ac
quisition imaging protocol. In the continuous acquisition
mode, the computer acquires data at each azimuth stop
for a predetermined length of time and then continues to
acquire data during the movement of the camera to the
next azimuth position. This has the advantage of increas
ing sensitivity 25%â€”40%,depending on the camera's ro
tational â€œdeadtimeâ€•without increasing the total time of
study and is ideally suited for 99mTc@teboroximewith its
rapid uptake and washout. We evaluated the efficacy, ease
and practicality of performing 99mTc@teboroximeexercise
studies in comparison to 201T1exercise studies.

METHODS

Seventeen patients (16 males and 1 female) with suspected or
known coronary artery disease (CAD) were studied to assess the
clinical efficacy of @mTc@teboroximein patients who were con
comitantly being studied with 201Tlstress and redistribution
imaging.

The open label study was reviewed and approved by the
Universityof Miami-CedarsMedicalCenter InvestigationalRe
view Board. All patients were 18 yr or older and were enrolled in
the study after giving informed consent according to the following
criteria. All patients had undergone 20Tl exercise stress and
redistribution exams within 2 wk of the 99mTc@teboroximeexer
ciseand reinjectionrest study. All patients underwent maximal
symptom-limited exercise testing on a treadmill to comparable
levels for both the 201Tland 99mTcteboroxjme study. No changes
were known to have occurred in the patient's clinical status
betweenthe two studies.

At the peak of exercise, patients were injected intravenously
with a 3.0â€”3.5-mCi dose of 201Tl and exercise continued for

1 mm. Approximately 5â€”10mm later, patients were imaged in
the supine position with the head in toward the gantry utilizing

To examinethe advantagesof a @â€˜Tc-IabeIedcardiacperfu
sio@iagent, teboroxime or SQ3O,217 (Squibb Diagnostics), a
prospective study was undertaken comparing it to 201T1stress
testingin17 patientssuspectedor knownof havingcoronary
artery disease (CAD). All patients were studied utilizinga
single-detector SPECT camera with a continuous acquisition
imagingprotocol.Testing was performedon a treadmillto
comparable levels with both agents within a 2-wk peilod.
Concordance between the two studies on a patient by patient
basis was seen in 16/17 (94%) patients, and discordance was
seen in 1/17 (6%) patients. Comparison of findings between
20111and @Tc-teboroximeon a segment by segment basis
showed concordancein 107/1 19 (90%) segments,and 12/
119 (10%)were discordant. Both examinations independently
detectedan equal numberof normal(77) and abnormal(42)
segments. There was no significant difference between the
two agents in classifying lesions as ischemic, although there
were significantdifferencesbetweenthalliumandteboroxime
in classifying infarct and infarct/ischemia. Technetium-99m-
teboroximeSPECT imagingis a clinicallyusefulmethod for
detectingCAD, with a major advantage being the shorter
examinationtime per individualpatientstudy.The meantotal
examination time for completion of the @â€˜â€œTc-teboroxime
studywas 2.5 hr versus4.0 hr for 201T1.

J NucI Med 1992; 33:1304â€”1311

n improved cardiac perfusion agent based on @mTc,
which has ideal physical characteristics for scintigraphic
imaging, would be highly advantageous as an alternative
to 201T1imaging, especially for SPE@T. Although 2OVflhas
had extensive clinical use in the past, its low photon energy
(69â€”83keY), prolonged half-life (which limits the dose
that can be administered) and its availability restrictions
have certain limitations in the clinical setting (1).

CardioTec, 99mTclabelod teboroxime or SQ3O,2l7
(Squibb Diagnostics), is a new myocardial perfusion im
aging agent that has rapid myocardial uptake with high
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TABLEIRadiopharmaceuticalQuality
Control(@mTc-Teboroxime)%Bound%Free%HydrolyzedTotal96.932.700.37100.0094.594.540.87100.0095.044.680.28100.0094.523.871.61100.0093.046.520.44100.0091.684.174.15100.0095.514.260.23100.0094.944.270.79100.0096.163.580.26100.0094.994.350.66100.0092.803.903.30100.0094.764.850.39100.0095.034.360.61100.0090.462.377.18100.0095.404.480.12100.0089.565.924.52100.0093.176.370.47100.00Average:94.034.421

.54100.00s.d.1.991.102.020.00C.V.(%)2.1224.83130.790.00
Exerciseandstress43 mm1 7mmimage
timeRest

imagetime25 mm8mmTotal
examtime3 hr 55 mm2 hr 28 mm

a single-headed tomographic camera (ADAC ARC 3000). Images
were acquired with a low-energy high-resolution collimator with
a 64 x 64 x 16 matrix. Thirty-two views were taken for 40 sec
each over a 1800 arc from the 45Â°right anterior oblique (RAO)
position to the 45Â°left posterior oblique (LPO) position in a
continuous acquisition mode. A series of transaxial slices were
reconstructed with filtered backprojection. In the continuous
step-and-shoot acquisition mode, one frame of the study equals
the data acquired at each stop plus the data acquired during
movement to the next stop. The last frame of the study consists
of data acquired at the last azimuth stop for a predetermined
length of time plus data acquired for an additional amount of
time equal to the time of camera movement from one azimuth
position to the next. Therefore, the acquisition duration of each
frame in the study is identical. All images were reconstructed
utilizing a Butterworth filter with a 0.4 cutoff frequency and a
filter order of5. Redistribution images were obtained 3â€”4hr later
using the same acquisition and reconstruction parameters. Pa
tients' ECGs and vital signs were monitored before, during and
after exercise.

Within a 2-wk period, a similar exercise protocol was per
formed for 99mTcte@roxime imaging. Preadministration ECG,
history and vital signs were recorded for each patient.

Teboroxime was supplied in lyophilized form as a single vial
kit for reconstitution by the addition of approximately 100 mCi
of99mTc pertechnetate in 1 ml ofO.9% sodium chloride solution.
Following heating in a thermal block or water bath for 15 mm,
the vial was allowed to cool to room temperature and analyses
were performed to determine the percent free pertechnetate and
reduced hydrolyzed technetium. Total preparation time, includ
ing quality assurance, averaged 40 mm. Since the product is
stable for approximately 6 hr, the contents could be used to
provide both the exercise and rest doses. Our quality assurance
testing confirmed a high labeling efficiency, with the average
percentage bound being 94% Â±1.99% (Table 1).

Patients were injected with 13.5â€”26.0mCi of 9omTc@teborox@

ime at maximal exercise following the same exercise protocol as
in the 201Tlstudy. Immediately after exercise, patients were
imaged supine with the same tomographic scanner used in the
201T1study. Imageswere acquired utilizing a low-energy,high
resolution collimator with a 64 x 64 x 16 matrix. Thirty-two
views were taken at 15 sec per view each over a I80Â°arc scan
beginningin the 45Â°RAO position and ending in the 45Â°LPO
position in a continuous acquisition mode.

Rest imaging was performed 1â€”2hr later after a second injec
tion of 99mTcte@roxime The patients were injected at rest after
they were positioned supine on the examining table under the
detector ofthe same tomographic camera. The dose range for the
reinjection rest study was between 13.8â€”44.0mCi. The total
amount of 99mTcteboroxime injected for both the stress and rest
activity per patient did not exceed 60 mCi. Once again, images
were acquired with a low-energy, high resolution collimator uti
lizing a matrix of 64 x 64 x 16. Thirty-two views were taken at
15-sec intervals over a 180Â°arc from the 45Â°RAO to the 45Â°
LPOpositionin a continuousacquisitionmode.Allimageswere
reconstructed utilizing a Butterworth filter with a 0.4 cutoff
frequency and filter order of 5. As in the thallium study, the
patients' ECGs and vital signs were monitored before, during and
after exercise. All patients were assessed for the presence of any
adverse reactions post-stress and rest injection of 99mTc@
teboroxime.

Total examination times were recorded for both studies, in
cluding individual stress and rest imaging times for each agent as
well as total patient study time for the procedure (Table 2).

Image Interpretation
All 20Tl and 99mTcteboroxime images were interpreted inde

pendently by at least two observers who were blinded to patient
data. All stress and rest images were viewed side by side for each
patient study with a high-resolution display/viewing station
(ADAC-Viewpoint) with the same color code display (â€œIsocon
tourâ€•)for each agent.

The three tomographic views (short-axis, horizontal long-axis
and vertical long-axis) were divided into the following myocardial
segments:

Short-axis views (four segments): anterior, septal, lateral and
inferior/posterior.
Horizontal long-axis views (three segments): apical, septal or
anterior/posterior laterals.
Vertical long-axis views (three segments): anterior, apical and
posterior myocardial segments.

Each 20Tl and 99mTc@teboroximestudy was subdivided into
seven comparable myocardial segments. A total of 119 201T1
myocardial segments were compared to a similar number of
99mTcteboroxime myocardial segments. Each segment was fur

ther categorized as being normal (N) or abnormal Ab). Abnormal

TABLE 2
Comparison of Examu,ation_Times

@Â°â€˜Tl Teboroxime
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segments were further subcategorized as being ischemic (I), in
farcted(X), ischemicand infarcted(P) or equivocal(E).

Image Evaluation
Each physicianreviewedthe @mTc@teboroximeand 20â€•flim

ages independently from each study and scored the uptake of
99mTcteboroxime and 201Tlin individual myocardial segments
from 4 to 0 as follows:

Definitely Abnormalâ€”A focal defect in the left ventricular
wallor a definiteasymmetryin walluptakeshowinga substan
tial differencefrom a normal site.
Probably Abnormalâ€”Afocal defect in the left ventricular wall
that was not a normal variant and occupied less than the
outline ofthe left ventricle in one view or contained a definite
asymmetryin walluptake but with lessof a differencefrom a
normal site.
Equivocalâ€”Afocaldefect that wasclearlynot a normal var
iant, but also was not definitely abnormal; or asymmetry in
left ventricular wall uptake that was less different from normal
sites,but somewhatmore than that usuallyassignedto normal
variation.
Probably Normalâ€”Aslight asymmetry of radioactivity in the
left ventricular wall or a focal defect that could be a normal
variant (i.e., apical thinning, high septal decreasedue to the
valveplane,etc.).
Normalâ€”Left ventricular walls are well visualized without
significant defects or asymmetries.

After completing the scoring of the individual segments, the
reader concluded whether the imaging study was normal or
abnormal using the following criteria:

Normal: Characterizedby uniform distribution of radioac
tivity throughout the myocardium with exception

of known variants (i.e., decreased radioactivity in
the region of the cardiac apexâ€”so called apical
thinning).

Abnormal: Indicative of coronary diseaseâ€”characterized by a
significantdecreaseof radioactivityin the myocar
dial circumference.

Abnormal studies were further categorized on whether the
involved segments were: redistributing (ischemic), fixed (in
farcted) or a combination ofboth (partial redistribution).

Disagreementsin the interpretationofthe studieswereresolved
by consensus after review of the discordant studies.

The readersalsoassessedthe acquiredimagesforoverallimage
quality and graded them according to the following guidelines:

Excellent: Low background activity, good contrast, myocar
dial image well defined.

Good: Moderatebackgroundactivity, moderate contrast;
myocardialimageis adequate for diagnosis.

Poor: Excessivebackgroundactivity,poorlydefinedmyo
cardial image; not adequate for diagnostic use.

Correlation of Procedures with Supporting Data
The investigators correlated the @mTc@teboroximeimaging

results with the results of the 201T1scintigraphic images and
determined ifthe 99mTcteboroxime results agreed with the overall

clinicalimpressionat the time ofthe exam,basedupon accepted
procedures used in the diagnosis of coronary disease as well as
any other available supportive data.

Statistical Analysis
The statistical difference in mean values between the two

groups for the paired exercise testing data was analyzed using the
Student's t-test and for the concordant/discordant imaging results
with the McNemar's chi-square test.

RESULTS

Patient Characteristics
All 17 patients successfully completed both studies. The

mean age of the patients enrolled was 6 1 yr with a range
of 46â€”83yr. Prior myocardial infarction was present in
seven patients for whom a wide variety of medications
were being administered. Radiopharmaceutical prepara
tion proved to be of consistently high quality with an
average percent bound of 94.0%, percent free technetium
4.4% and percent hydrolyzed technetium 1.5% (Table 1).

Comparison of Exercise Protocol
All patients were able to successfully complete the ex

ercise protocols for both studies without any complica
tions. No patient had any serious adverse reaction as a
result of injection ofeither radiopharmaceutical. The level
ofexercise achieved, the duration, hemodynamic response
and the development of ECG changes or chest pain sug
gesting ischemia are summarized in Tables 3 and 4.

Paired analysis revealed a trend for the double product
(peak heart rate times peak systolic blood pressure) to be
slightly higher in the 201Tlgroup. The other exercise-related
variables (chest pain, ST-T segment depression on ECG
and total exercise time) were not significantly different
(Table 4).

One patient (BF) had discordant symptoms between the
201T1and 99mTcteboroxime exercise studies. Chest pain
was experienced by this patient during the 201T1exercise
test but not during the 99mTc@teboroxime stress test. Elec
trocardiographic changes during exercise suggestive of is
chemia were present in this patient in both studies as well
as scintigraphic evidence of CAD.

All remaining patients demonstrated concordant symp
toms and ECG findings for both studies. Technetium
99m-teboroxime examinations could be completed within
a shorter imaging time as compared to 201Tlfor both stress
and rest (Table 2). The mean time for maximum exercise
plus imaging was 17 mm for stress 99mTc..teboroximever
sus 43 mm for stress 201T1.For rest studies, the mean
SPECT imaging time was 8 mm for 99mTc@teboroxime
versus 25 mm for 201Tl.Total examination time for com
pletion of the 99mTc@teboroximestudy was 2.5 hr versus
4.0 hr for 201T1. The resulting teboroxime images were

considered to be of good to excellent quality in 97% of
studies with good correlation with standard SPECT thal
lium imaging.
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2O1@flTeboroximeExercise

TimeExerciseTimePatientDouble
Product(mm)DoubleProduct(mm)LE294507.00255006.15KR328009.30319208.21FM225605.04196806.42MB1512011.511391010.59LL259508.01166407.50IL361106.00356504.53RP163808.59149508.02PM275508.25239708.51GP266908.00275408.12MH223209.02250205.44DD288009.22275409.00JL275505.00219206.04Js281902.01170001.28PV230004.49266404.17BF2356012.002128011.50SM239709.322502012.48JC2768011.002784011.00Average:257467.90236487.6s.d.52162.7059412.9C.V.(%)20.334.0025.138.3

Paired20111Teboroximet-statisticMean

(Â±s.d.)exercise7.9 Â±2.77.6 Â±2.92.237Â°duration
(mm)Double

product25746 Â±521623648 Â±59410.837(mmHg
x heartrate)Patients

withchest32painPatients

withECG77changes*

p < 0.05

TABLE 3
ExerciseParameters

Since teboroxime has a rapid washout, rest images could
be initiated following reinjection as early as 45â€”60mm
after completion of the stress images. SPECT imaging
performed at this time was not affected by residual myo
cardial activity, so patients could have their total procedure
completed within 90 mm.

Comparison of @â€˜Tc-Teboroximeand 201T1Myocardial
Perfusion Scans

Overall, there was excellent correlation between 99mTc@
teboroxime imaging and thallium scintigraphy for the
diagnosis of normal or abnormal myocardial perfusion.

A comparison of findings on a per patient basis between
201T1and 99mTc@teboroximein the study group revealed
the following: three patients had concordant normal stud
ies both for 201Tland 99mTc..teboroxime thirteen patients

TABLE 4
Comparison of Exercise Testing in 17 Patients

demonstrated abnormal findings in both studies and one
patient showed discordant findings between the two stud
ies. Concordance between the two studies for either normal
or abnormal study was seen in 16/17 patients (94%) and
discordance was seen in 1/17 patients (6%).

A total of 119 segments were available for analysis of
both agents' ability to detect an abnormality. A compan
son between 201T1and @mTc@teboroximeon a segment by
segment basis demonstrated the following findings: Both
agents showed concordance in 107/1 19 segments (90%)
and discordance in 12/1 19 segments (10%). Overall, in
comparing the number of discordant segments when clas
sifying the segments as either normal or abnormal, Mc
Nemar's test showed no statistically significant difference
between 201Tland 99mTc@teboroxime(p = 0.7728).

The 12 discordant segments were seen in seven patients
and showed no specific predisposition for any segment
(Table 5). Further analysis revealed that 201Tlscintigraphy
showed six abnormal segments in five patients (LE, IL,
RP, MH, JL), which were felt to be normal on 99mTc@

teboroxime images. The remaining segments in these pa
tients showed concordant findings with respect to being
normal or abnormal. Technetium-99m-teboroxime was
abnormal in six segments in three patients (SM, LL and
JL) which were felt to be normal in the corresponding
thallium segments. Five of the six discordant segments
were fixed, nonreperfusing abnormalities in the teborox
ime studies. Once again, concordant findings for abnor
malities between 201T1and 99mTc@teboroxime studies were
seen in other segments in Patients LL and JL, although in
Patient SM, the 99mTcteboroxime study was the only study
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FIGURE 1. PatIentPM, a 55-yr-oldwhftemalewitha history
of recent onset of chest pain, was referred for evaluation for
CAD. Stressexercisetestingperformedfor both @Â°â€˜T1and @Tc
teboroximeshowed no elecfrocardkgraphicor din@aIevidence
of ischemia.(Top) @Â°â€˜T1and(bottom) @Tc-teboroximemyocar
dial perfusion scans. No evidenceof ischemiawas noted and
both scans are felt to be normal. Both stud@s show good
delineationof the normal left ventricularwalls, with @â€œTc-tebo
roximeshowingbetter delineationof the right ventricle.

FIGURE 2. PatientLL, a 47-yr-oldwomanwithrecentonset
ofatypicaichestpain,wasreferredforevaluationforCAD.Stress
teboroxime StUdyshoWSischemiato septum, inferior and pos
tailor walls (top), which fully reperfuses on the reinjected rest
teboroximestudy (bottom).

FIGURE 3. Patient IL, a 63-yr-old male with a history of hy
pertensionand hypercholesterolemia,status post-MI and post
bypassgraft 9 yr ago, who returnedfor evaluation.The teborox
ime study shows fixed abnOrmalItieSin the inferiorand postenor
wall.

showing four abnormal segments. In this patient, who has
a history of hypertension and hypercholesterolemia, no
history of MI or CAD is known to be present.

Further analysis ofthe patients on a segment by segment
basis demonstrated that both examinations independently
detected an equal number of normal (77) and abnormal
(42) segments (Table 6). Fourteen of 17 teboroxime studies
with a total of 42 segments versus 13/17 thallium studies
with a total of42 segments were abnormal. Although there
were an equal number of abnormal segments in the two
studies, a difference in the type of abnormal lesions was
noted (Table 7). When the abnormal classification is fur
ther subdivided into ischemic, infarct, infarct and ischemia
and equivocal, some significant differences are revealed.
There was no significant difference between 201Tl and
99mTcte@roxime in classifying either study as ischemic (p
= 0.5465) or equivocal (p = 0.2482). In classifying infarct

and infarct and ischemic, however, there were significant
differences, with p < 0.001 in both cases.

Thaffium-20l demonstrated 14 ischemic, 8 infarcted,
14 mixed (ischemic plus infarct) and 6 equivocal, while
99mTcte@ro@me demonstrated 11 ischemic, 28 infarcted,
0 mixed and 3 equivocal (Table 6). Analysis on a segment
by segment basis in the 17 patients for the type of finding
(normal, ischemic, infarcted, mixed or equivocal) showed
concordance in 88 of 119 segments or 74% (71 were
normal, 7 ischemic, 7 infarcted and 3 equivocal), while 31
of 119 or 26% were discordant (Table 7). In the seven
patients with discordant (normal versus abnormal) find

1@1
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PatientThallium
abnormal

TebonormalTebo
abnormal

ThalliumnormalLEApex

(I),ant(I)â€”ILSeptum
(E)â€”RPSeptum
(P)â€”MHAnterior
(I)â€”JLApex

(P)Post(X)LLâ€”Post
Lat(I)SMâ€”lnf

(X),PostLateral(X),
Posterior(X),Sep
tum(X)

@Tc-TeboroximeN

IXP E

N

N=Normal7777I=Ischemic1411x

=Infarcted828P
= Ischemia+Infarction140E
=Equivocal63Total119119

TABLE 7
Comparison of Agreement of Type of Abnormality
201Tland @â€œTc-TeboroximeAccording to Segment

TABLE 5
Discordance

71 1 5 0 0 77
. I 3 7 4 0 0 14

Thallium@ 0@ 7 0 0 8

P 2 2 10 0 0 14
E 1 0 2 0 3 6

77 11 28 0 3 119

N = normal;I = ischemic;X = infarct;P = infarctand ischemia;
andE = equivocal.

patient acceptance. Discordance between the two agents
was seen when classifying lesions as (fixed) infarct or
(mixed) infarct plus ischemia. This was particularly com
mon for lesions situated in the inferior or posterior seg
ments. This small subset of discordant segments did not,
however, limit the study in detecting abnormalities in
other segments in the same patient.

The present study confirms previous reports performed
with conventional planar and SPECT imaging regarding
the diagnostic utility of 99mTc..teboroxime in the detection
of CAD (2â€”15).Our study differs from previous reports
in that we used @mTc@teboroximein conjunction with
single-photon tomographic imaging using a continuous
step-and-shoot SPECT acquisition protocol. This acquisi
tion method shortens the scanning time while increasing
the count statistics. Acquisition of data at each 15-sec
azimuth stop as well as during the 4-sec movement of the
camera to the next azimuth stop is possible (12).

The study demonstrated good correlation between 201Tl
and 99mTc@teboroximein detecting CAD. There was a 94%
agreement between studies on a per patient basis and 90%
agreement on a per segment basis for showing an abnor
mality. When concordance between segments was evalu
ated as to the agreement between the specific type of
abnormality (ischemia, mixed, fixed, equivocal), a 74%
agreement between the two studies was seen. Both agents
detected an equal number ofabnormal segments. Fleming
et al. recently published their results for 30 patients studied
with SPECT utilizing a single-detector camera with a step
and-shoot technique. Those results showed a 77% con
cordance between thallium and teboroxime for demon
strating the presence or absence of disease (1 1).

Unlike Hendel et al. who reported findings of rapid
resolution of ischemic type defects soon after exercise (2),
our study showed a larger percentage of infarct or infarct
and ischemic defects with 99mTcteboroxime as compared
to thallium. We demonstrated discordance in 12 of 119
segments (10%) between the two agents. This appeared to
be more common in hypertensive patients. Kim et al.
reported similar findings in a group of patients studied

ings, 201T1,showed more ischemic segments (five versus
one for teboroxime), while teboroxime showed more seg
ments with fixed defects (five versus zero for 201Tl)(Table
5). One discordant patient study (SM) revealed a persistent
defect in four segments on the 99mTc@teboroxime study
that was not apparent on the 201Tlstudy.

DISCUSSION

Technetium-99m-teboroxime is a neutral lipophilic
agent falling within the class of compounds known as
boronic acid adducts oftechnetium oximes (BATO). These
compounds are known to be extracted by the myocardium
with a greater efficiency than 201T1or @mTc@sestamibiover
a broad range of flow rates. Technetium-99m-teboroxime
has a rapid myocardial uptake with excellent myocardial
visualization during the first minutes after injection. The
myocardial clearance is also rapid, with biexponential half
time clearances of approximately 5.2 mm and 3.8 hr
representing approximately 66% and 33% of the myocar
dial activity. Thus, the first effective half-life for myocar
dial activity is approximately 11mm (10). The continuous
SPECT technique utilized in our protocol starts within 2â€”
3 mm following injection and allows for completion of

imaging within 8 mm for both the stress and rest images.
By utilizing a single-detector SPECT camera and a contin
uous step-and-shoot acquisition imaging protocol, tebo
roxime demonstrated comparable results to thallium when
classifying lesions as normal or abnormal and ischemic or
equivocal. The improved count statistics with the higher
administered doses demonstrated a marked reduction in
study time resulting in improved throughput and better

TABLE 6
Segmental Analysis of Abnormalities Found

201-ri @Tc-Teboroxime
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with a triple-headed detector camera, but with a somewhat
higher incidence (15). Ten of 32 vascular territories (31%)
were either fixed or got worse between stress and reinjec
tion teboroxime imaging.

Seldin et al. previously reported on the use of this agent
in conjunction with planar imaging. They also showed a
high percentage of fixed defects at rest with 99mTc@teborox@
ime (10). These were felt to be due to severe stenoses of
the underlying artery. Other investigators have reported
less than a 5% discordance between the two agents
(10â€”14).

The etiology for the variations seen in the results be
tween 99mTcteboroxime and 201T1 reported by us and
others are not clearly understood (12,15). Various factors
need to be considered as possible etiologies, including
technical, patient-related, radionuclide characteristics and
drug pharmacodynamics. Watson et al. using a phantom
showed that significant SPECT reconstruction errors due
to self-attenuation could occur with @mTcmyocardial
imaging agents and that these often affected the posterior
wall (16). Due to the lower count rate and higher scatter
associated with 201'fl,these may not be as easily appreciated
in thallium imaging. Furthermore, fixed defects (especially
in the inferior or posterior segments) could be artificially
caused by computer overcorrection of scatter from the
liver, which appears to be present to a greater degree in all
technetium cardiac imaging studies.

Finally, that more fixed or fixed plus ischemic defects
were seen on 99mTcteboroMme images may be explained
by the different times of imaging rest between 201Tland
the 99mTcteboroxime (2.5 hr versus 4 hr) and the differ
ence in the pharmacokinetics between the two agents. This
may be due to a persistence of ischemia in these segments
even at rest or due to a faster washout post ischemia in
myocardial segments distal to tightly stenotic lesions (17,
18). A rest study with@ prior to the stress

study may reduce the question of fixed defects and is
currently being studied at a number ofinstitutions. Similar
findings have been reported with @mTc@sestamibistudies
when same-day stress and reinjected rest studies were
compared to 20â€•flredistribution (19,20).

Linksetat.haverecentlydescribedtheresultsutilizing
computer simulations ofthe effects ofdifferential (between
normal and ischemic tissues) tracer washout during
SPECT acquisition (22). By using animal data on
teboroxime washout, they showed potential development
of artifacts resembling defects when the imaging time
exceeded 6 mm when a â€œtrueâ€•defect was present in
another wall. Since in our study, however, discordance
between 99mTc teboroxime and 201Tlwas equally divided
between normal @mTc@teboroxime@abnormal201T1and the
reverse (Table 5), it is highly unlikely that our 8-mm
imaging protocol produced significant artifacts.

The continuous acquisition protocol used in this study
shortens the imaging time and minimizes the effects from
patient motion and varying tracer activity. Since the first

half-life of 99mTcteboroxime in the myocardium is ap
proximately 11 mm and SPECT imaging was started
within 2â€”3mm following injection and completed after 8
mm of imaging for both the stress and rest images, no
image distortion from varying tracer activity was seen in
the studies. Because ofthe short imaging time and reduced
overall total examination time for both stress and rest
studies to be completed with the 99mTc@teboroximethere
was faster throughput with excellent patient acceptance.

Since the 99mTcteboroxime kit is designed with a long
shelf half-life, it is available for immediate reconstitution
for both routinely scheduled studies as well as for use on
patients in an acute setting. The agent appears particularly
promising for evaluation ofwashout kinetics. Since @mTc@
teboroxime has a rapid washout, early resting imaging
performed 10â€”15mm following the postexercise image
may provide quantitative washout curves similar to those
currently obtained with 201T1.This may add additional
important information in patients with underlying CAD
and a balanced but reduced coronary circulation.

Our results using a single-detector SPECT camera with
a continuous acquisition step-and-shoot protocol are sim
ilar to those reported by others using similar or variant
techniques (10,11,13â€”15).The incidence of discordant
segments reported by our group and by others is higher
than that reported by other investigators and may limit
the utility of this agent in assessing viability. Although the
reason for this discordance is not clearly understood, dif
ferences in tracer kinetics may be a factor. Since published
studies using a similar protocol, as well as more recent
studies using a shortened acquisition time (21), show no
trend toward an increased incidence of fixed defects using
teboroxime, further investigation into the ability of tebo
roxime to distinguish between ischemic and infarcted myo
cardium is warranted.
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