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Technetium-99m-Q3 is a myocardial imaging agent that pro-
duces prompt myocardial visualization in humans. Methods: In
19 patients with angiographic coronary artery disease, 2 patients
with no angiographic coronary artery stenosis greater than 50%
of the luminal diameter and 6 healthy volunteers, exercise and
resting myocardial imaging were performed with ®®™Tc-Q3 and
also with 2°'T1. Technetium-99m-Q3 imaging began 15 min after
injection at rest and with exercise, in a complete imaging se-
quence that required less than 100 min. Results: Overall accu-
racy for coronary disease detection was 78% (21 true-positive or
true-negative studies among 27 study participants) by tomo-
graphic thallium imaging versus 89% for #*"Tc-Q3 tomographic
imaging (p = ns). Accuracy for detection of individual coronary
stenoses was 75% (61 true-positive or true-negative coronary
segment classifications among 81 total coronary segments) for
2017} imaging and 83% for ®®™Tc-Q3 imaging (p = ns). Conclu-
sions: Technetium-99m-Q3 when used in a rest-exercise se-
quence that can be completed in 100 min appears to provide
comparable diagnostic accuracy to 2°'Tl for overall coronary
disease detection and detection of individual coronary artery
stenoses.
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In 1981, Deutsch et al. described the first in a series of
9mTc complexes with uptake in the myocardium (1). Tech-
netium-99m-dichlorodimethylphosphinoethane  (DMPE)
provided a very early example of *™Tc myocardial perfu-
sion images in humans (2). Since that time, numerous
advances have occurred in the development of *™Tc myo-
cardial imaging agents, including the investigation and clin-
ical availability of *™Tc-sestamibi, an isonitrile complex
(3,4), and ®™Tc-teboroxime, a boronic acid adduct (5-8).
These *™Tc agents yield superior myocardial images com-
pared to 2°'Tl as a result of the higher gamma energy of
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#mTc (3). However, these newer imaging agents also have
important limitations of their own. Both have a high level
of hepatic activity early following injection which can in-
terfere with imaging of the inferior and apical left ventric-
ular walls (3,7,8).

Several newer cationic *Tc myocardial imaging agents
are currently being tested, including tetrofosmin (9-11), a
diphosphine complex; furifosmin or Q12 (12 13) and Q3.
Structurally, the Q complexes differ from the diphosphine
complexes, tetrofosmin and DMPE because the Q com-
plexes contain monophosphine ligands as well as a distinct
Schiff base ligand. Therefore, these Q series tracers are
more accurately described as mixed ligand complexes. The
monophosphine ligands of *™Tc-Q3 and *™Tc-Q12 are
identical (i.e., tris(3-methoxy-1-propyl)phosphine), but the
Schiff base ligand of *™Tc-Q12 contains a pair of extra
furan rings. Initial reports suggest that tetrofosmin, Q3 and
Q12 may clear more rapidly from the liver compared to
currently available clinical *™Tc myocardial imaging
agents (9,11,12). If confirmed, accelerated hepatic clear-
ance of these newer *™Tc imaging agents should facilitate
early myocardial imaging following tracer injection, result-
ing in improved convenience for patients. Technetium-
99m-Q12 and *™Tc-Q3 show minimal evidence of myocar-
dial washout (11, 13,14). Therefore, separate exercise and
rest injections are required.

To date, no studies have compared **™Tc-tetrofosmin to
#mTc-Q12 or Q3. Technetium-99m-Q12 is available as an
““instant kit” (15), but no similar kit has been developed as
yet for ®™Tc-Q3. It has been speculated that *™Tc-Q12
may clear more rapidly from the liver in comparison to
9mTc-Q3 (16), but that background activity in the lung may
be lower for *™Tc-Q3 compared to *™Tc-Q12. However,
no direct comparisons of these two tracers in the same
patients have been published.

Presently, no single-photon emitting myocardial imaging
agent has been shown to provide more accurate detection
of coronary artery disease (CAD) in comparison to 2°'Tl.
Therefore, the purpose of the present investigation was to
directly compare *™Tc-Q3 images to 2'Tl images in pa-
tients with documented angiographic coronary anatomy.
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METHODS
Study Population

The study population consisted of 21 patients with known or
suspected CAD and 6 healthy volunteers. Each study participant
completed an informed consent statement approved by the Insti-
tutional Review Board of the University of Cincinnati Medical
Center. Patients with known or suspected CAD were consecu-
tively entered into the study provided that: (1) they were referred
by a physician for exercise ' Tl myocardial imaging; (2) coronary
arteriography was completed or scheduled at the time of study
entry; (3) the patient agreed to and the referring physician con-
curred with study participation; and (4) no revascularization pro-
cedure or cardiac event occurred within the time frame, including
the two imaging procedures and coronary arteriography. No pa-
tient was excluded from study participation based on scintigraphic
or angiographic findings. The mean interval between coronary
arteriography and *™Tc-Q3 imaging was 35 + 13 wk. Patients
with known or suspected coronary disease included 11 men and 10
women with a mean age of 60 + 2 yr. Among the 21 known or
suspected coronary patients, 10 patients were hypertensive, 8 had
known diabetes mellitus, 7 had hyperlipidemia and 2 smoked a
tobacco product. Calcium antagonists were used by nine patients,
beta-adrenergic blockers in three patients and long-acting nitrates
in six patients. No attempt was made to discontinue the use of
antianginal drugs for exercise testing, but patients used the same
medication and dose at the time of thallium imaging and *™Tc-Q3
imaging.

The group of 6 asymptomatic healthy volunteers included 2
men and 4 women with a mean age of 29 * 3 yr. Volunteers were
nonsmokers with no history of diabetes mellitus, hypertension or
hyperlipidemia. The volunteers were using no medication.

Exercise Thallium Tomography

Exercise 2'T1 tomographic testing was performed and inter-
preted by standard methods (17). In the fasting state, each study
participant walked on a motor-driven treadmill according to a
modified Bruce protocol (I8). With continuous electrocardio-
graphic and intermittent blood pressure monitoring, each partici-
pant walked until limiting symptoms occurred. Thallous chloride
(2.0-3.0 mCi) was injected intravenously at peak exercise and the
participant continued exercising for an additional minute.

Tomographic thallium imaging was started 10-15 min following
thallium injection. Tomographic thallium images were acquired
with a Siemens Orbiter large field of view gamma camera (Sie-
mens Medical Systems, Inc., Iselin, NJ) equipped with a low-
energy, all-purpose collimator. The photoenergy peaks were cen-
tered around the 83-keV and 167-keV emissions of 2°'T1 using a
20% window. Images were acquired for 30 sec at 32 stops over a
circular orbit from the 45° right anterior oblique to the 45° left
posterior oblique position. The data were collected on a 64 x 64
matrix on a MEDASYS pinnacle computer (MEDASYS, Inc.,
Ann Arbor, MI). Following a 5-point prefiltering sequence, the
plane projections were filtered with a Butterworth filter with an
order of 5 and then backprojected. Tomographic images were
displayed on radiographic film as a series of 6.5-mm-thick slices
orienfed in the short-axis and vertical and horizontal long-axis
projections.

In patients with uniform or nearly uniform myocardial distri-
bution of 2Tl on the exercise images, redistribution tomographic
images were acquired (without reinjection) 3 to 4 hr later. In
patients with nonuniform exercise distribution of thallium activity
in the left ventricular myocardium, reinjection with 1 mCi of 2°'T1
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was performed at 3-4 hr postexercise, after which reinjection
tomographic images were acquired beginning 20-30 min later
(17). Thallium reinjection was used in 18 of the 19 patients with
angiographic CAD, but not in the patients with normal coronary
arteriograms nor in the healthy volunteers. No indication of the
presence or absence of thallium reinjection was present on the
films submitted for interpretation in blinded fashion.

Preparation of *™"'Tc-Q3

Trans(N,N'-ethylenebis(acetylacetoneimine)bis(tris(3-methoxy-
1-propyl)phosphine) **Tc(Ill) (*™Tc-Q3) was prepared as follows.
N,N'-ethylenebis(acetylacetoneimine) (H,acac,en, 15-25 mgin 0.1-
0.2 ml of ethanol) was combined with KOH (0.03 ml of 1 M solution
in 50% ethanol) and Na®*"TcO, (1-2 ml containing 80-120 mCi) in
a 5-ml sterile vial. The solution was deaerated with a vigorous
stream of oxygen-free argon for 10-15 min. At the same time, a
solution of SnCl, in ethanol (2-3 mg/ml) was prepared by first de-
aerating the ethanol, then adding the SnCl,, and finally stoppering
the vial immediately to ensure anaerobic conditions. Under anaer-
obic conditions, 10-20 ul of the SnCl, solution was added to the
reaction vial, and the solution was heated for 15 min at 70-90°C. The
air-sensitive product formed, ([*™Tc(V) (acac,en)O]*) was assayed
for purity by reversed-phase high-performance liquid chromatogra-
phy (HPLC) as given below. The intermediate was then reduced to
the cationic complex *™Tc-Q3 ([*®™Tc(I1I) (acac,en) (TMPP),]*) by
anaerobic addition of tris(3-methoxy-1-propyl)phosphine (TMPP)
hydrochloride (0.1 ml of 50 mg/ml solution in ethanol) and heating at
80-90°C for 10 min.

Purification was necessary to remove excess ligands prior to
patient injection. The crude *™Tc-Q3 preparation was diluted to
20 ml with water and loaded onto a preconditioned Waters C18
Sep-Pak Plus cartridge. The Sep-Pak was rinsed with 20 ml of
water and then with 4 ml of 80% ethanol/20% water. The purified
radiopharmaceutical was then eluted with 2 ml of 80% ethanol/
20% saline, collecting the middle 1-ml fraction, filtered through a
0.2-um filter, and finally diluted with 4 ml of sterile saline.

Quality control was performed by reversed-phase HPLC on a
Hamilton 150 mm x 4.1 mm PRP~! column using a mobile phase
of 90% methanol/10% 0.01 M ammonium acetate at a flow rate of
1.0 ml/min. The radioactivity was monitored by a Beckman Model
170 radioisotope detector. The chromatograms were recorded and
integrated using a Shimadzu Chromatopac C-R3A integrator. A
radiochemical purity above 85% was considered acceptable for
patient injection. Clinical preparations of *™Tc-Q3 were tested
for bacterial endotoxin levels using the Limulus amebocyte lysate
technique and for sterility using both trypticase soy broth and fluid
thioglycollate medium; results of both tests were available on a
posthoc basis. Bacterial endotoxins for all preparations were be-
low the minimum detectable level of 0.31 EU/ml. Sterility tests
were negative for 25 preparations, and tests for two preparations
showed growth of nonpathogenic bacteria probably introduced
during inoculation of the culture medium.

In 27 clinical preparations of **™Tc-Q3, the radiochemical pu-
rity of the final ™Tc-Q3 complex was 96.0% * 3.6% (mean +
s.d.); the radiochemical purity of the intermediate Tc(V) complex
was 78.8% * 12.3% (n = 20). The radiochemical yield (not cor-
rected for radioactive decay) varied from 31.3% to 55.2% with an
average of 40.7%. Technetium-99m-Q3 preparations were rela-
tively stable. The decomposition rate determined for 10 batches at
times from 2 to 24 hr after preparation averaged 2.3%/hr. The only
decomposition product observed was *™Tc pertechnetate.
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FIGURE 1. Rest and exercise ®™Tc-Q3 imaging protocol.

Exercise **"Tc-Q3 Tomography

Resting and exercise *™Tc-Q3 imaging was performed at least
2 days before or after 2°'Tl imaging in each study participant
(mean 16 + 6 days). Using the same gamma camera and nuclear
medicine computer utilized in the thallium studies, the *™Tc-Q3
studies were performed with a high-resolution technetium colli-
mator. The gamma camera photopeak was centered around the
140-keV gamma energy of *™Tc with a 20% window. The rest-
exercise *™Tc-Q3 imaging protocol was designed to permit com-
pletion of the entire test sequence within 100 min (Fig. 1). In the
fasting state, 5~7 mCi of *™Tc-Q3 was injected at rest and tomo-
graphic imaging was started 15 min later. On completion of tomo-
graphic imaging, the patient underwent the same graded exercise
sequence used for thallium imaging. At the same exercise heart
rate used for thallium administration, 20-23 mCi of **Tc-Q3 was
injected and exercise continued for an additional 1 min. Techne-
tium-99m-Q3 imaging was started 15 min following tracer injection
(19). Tomographic data were acquired with the same acquisition
parameters used for 2°'Tl imaging except as noted previously.
Tomographic filtering, data reconstruction and display on radio-
graphic film employed the same methods described for °'T1 im-
aging.

Heart-to-Organ Ratio Calculation

Heart-to-organ radioactivity ratios were calculated by a modi-
fication of the method of Wackers et al. (3). All data were calcu-
lated from the anterior plane projection from each tomographic
acquisition from the six healthy volunteers. Thus, heart-to-organ
ratios were determined at 20 min following resting *™Tc-Q3 in-
jection, 20 min following exercise 99mTc-Q3 injection, 20 min
following exercise 2°'Tl injection, and at rest 3.5 hr following 2**T1
injection. A region of interest (ROI) was placed around the entire
left ventricular myocardium and the mean number of counts per
pixel was calculated. A 3 x 3-pixel ROI was placed over the
hepatic margin adjacent to the inferoapical wall of the left ventri-
cle. A3 x 3-pixel ROI was placed over the left lung adjacent to the
anterolateral left ventricular wall. The heart-to-liver ratio was
calculated as the mean myocardial activity per pixel divided by
the mean hepatic activity per pixel. Heart-to-lung activity was
calculated as the mean myocardial activity per pixel divided by
the mean pulmonary activity per pixel. Differences in heart-to-
liver or heart-to-lung ratios with Tl and **™Tc-Q3 were tested
for statistical significance with a repeated measures analysis of
variance followed by Scheffe’s F-test.

Interobserver variability in the calculation of heart-to-organ
ratios was determined by two independent operators. Each oper-
ator determined heart-to-liver ratios from rest and exercise images
for each of the six healthy volunteers. For the 12 pairs of heart-
to-liver ratio determinations, the correlation coefficient was 0.92.
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Coronary Arteriography

Coronary arteriography was performed by the Judkins tech-
nique with visualization of each coronary artery in multiple or-
thogonal projections. A 50% reduction in luminal diameter of the
artery or its major branch was considered to be angiographically
significant. All angiograms were interpreted by an experienced
angiographer without knowledge of the ™Tc-Q3 image findings.

Data Analysis

The treadmill electrocardiogram was interpreted by standard
criteria (20). The ?°'T1 and *™Tc-Q3 images were interpreted in a
qualitative manner by two readers who were blinded to all patient
data except for patient gender, height and weight. Disagreement
as to overall normalcy of the study was resolved by a third reader
blinded to study conditions. Assignment of a myocardial perfu-
sion defect to the distribution of a single coronary artery followed
a previously validated template (21). In this scheme, the septum
and anterior wall are in the distribution of the left anterior de-
scending artery, the lateral wall is in the left circumflex distribu-
tion, and the inferior and posterior walls are in the distribution of
the right coronary artery. For this study, perfusion defects located
in the apex of the left ventricle were considered to be consistent
with but not specific for the distribution of any single coronary
artery. A perfusion defect on postexercise images showing no
evidence of improvement on rest, redistribution or reinjection
images was classified as a fixed defect. A perfusion defect on
postexercise images that showed improved tracer activity on rest,
redistribution or reinjection images was classified as a redistrib-
uting defect. Differences in sensitivity, normalcy rate or accuracy
between radiotracers were tested by McNemar’s test. A p value
<0.05 was considered to demonstrate statistical significance. For
subsequent analysis of noninvasive test accuracy, the two pa-
tients without angiographic CAD were considered together with
the six healthy volunteers to form a group of eight ‘‘normals”’.

RESULTS

Exercise Electrocardiographic Results

Each of the 21 study participants completed two exer-
cise electrocardiograms—one in conjunction with %' Tl in-
jection and one with ®™Tc-Q3 injection. Results of the
exercise tests are given in Table 1.

Heart-to-Organ Radioactivity Ratios

Heart-to-liver and heart-to-lung radioactivity ratios for
9mTc-Q3 and 2°'T1 are shown in Table 2. Resting heart-to-
liver ratios, as calculated at the hepatic margin adjacent to
the inferoapical myocardial wall, tended to be lower for
9mTc-Q3 compared to Z'TI, but the differences were not
statistically significant. The postexercise mean heart-to-
liver ratio was significantly greater for ?°'T1 compared to
9mTc-Q3. The exercise °'TI mean heart-to-liver ratio was
also significantly greater than the mean resting heart-to-
liver ratio. The heart-to-liver ratio for *™Tc-Q3 was not
significantly different at exercise when compared to rest.
This may have resulted in part from the presence of resid-
ual hepatic activity from the rest ™Tc-Q3 injection at the
time of exercise imaging. Heart-to-lung activity ratios were
similar for 2'T1 and for *™Tc-Q3 both at rest and following
exercise. In general, lung activity was low for both radio-
pharmaceuticals.
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TABLE 1

Exercise Electrocardiographic Results
Patients with known or
suspected coronary disease
(n=21) Volunteers (n = 6)
201m) %mTc-Q3 207 %®mTe-Q3
Exercise duration(s) 321 +50 345 + 47 768 + 68 738 + 72
Tracer injection 124 =5 125+ 4 177 £ 3 179+ 4
heart rate (bpm)
Peak exercise heart rate (bpm) 132+5 1305 185+ 4 183 +4
Peak exercise systolic 160+ 5 164 + 3 173 + 6* 153 + 6*
blood pressure (mmHg)
Peak exercise diastolic 82+2 84 +2 832 80+2
blood pressure (mmHg)
Chest pain with exercise 2 4 0 0
(number of patients)
ST segment result
Abnormal 3 3 0 0
Normal Iy 4t 6 6
Nondiagnostic 14 14 0 0
*p < 0.05.

includes the two patients with no angiographically significant CAD.

Myocardial Perfusion imaging—Qualitative
Interpretation

Representative examples of exercise and rest Tl and
%mTc-Q3 images from a healthy volunteer are shown in
Figure 2. Examples of exercise and rest 2! Tl and *™Tc-Q3
images from a patient with an occluded left anterior de-
scending coronary artery are shown in Figure 3. The short-
axis ®™Tc-Q3 images delineate the anterior, septal and
inferior extent of the reversible ischemic defect. Adjacent
hepatic activity on the rest ®™Tc-Q3 images is also evi-
dent. On the horizontal long-axis images from the same
patient, the extent and severity of the apical perfusion
defect are shown.

By qualitative analysis, 16 of 19 patients with angio-
graphic CAD had a corresponding regional perfusion ab-
normality on *™Tc-Q3 imaging (sensitivity equals 84%)
and 13 of 19 patients had a corresponding 2*'T1 perfusion
defect (sensitivity equals 68%, p = ns versus Q3 sensitiv-
ity). Each of the eight normal subjects had a normal
#mTc-Q3 scan and a normal *'Tl scan (normalcy rate

equals 100%). Detection of stenoses in individual coronary
arteries by qualitative analysis of myocardial perfusion im-
ages is shown in Table 3. Technetium-99m-Q3 and *'Tl
imaging provided comparable sensitivities and normalcy
rates for disease detection in each of the three coronary
arterial distributions. Overall, there was agreement be-
tween *™Tc-Q3 interpretation and 2°'Tl image interpreta-
tion regarding the presence or absence of a perfusion de-
fect in 140 of 162 myocardial segments (86%, kappa
statistic = 0.63).

An assessment of defect reversibility was made from the
myocardial perfusion tomograms in each left ventricular
segment with 22T and **™Tc-Q3. For the 27 study partic-
ipants, six myocardial segments (septal, anterior, lateral,
inferior, posterior and apical) were assessed on each study
and interpreted by two independent readers. Thus, a total
of 324 myocardial segment evaluations were available for
each radiopharmaceutical. For 20171, 33 reversible and 27
fixed myocardial perfusion defects were reported (19% of
all segments). With °'T] imaging, reversibility of a segmen-

Heart-to-Organ Ratios for nghsn:smf\-m-os and Thallium-201
Heart-to-Liver Heart-to-Lung
Rest Exercise Rest Exercise
®MTe-Q3 0.67 + 0.06* 0.94 + 0.06* 1.82 + 0.09 1.88 + 0.08
2017y 1.21 = 0.09* 2,06 + 0.15*" 1.81 £0.12 233 +0.18
*'n < 0.05,n =6

subjects.
*p = ns vs. 2°'T at rest, 3.5 hr after injection.

Technetium-99m-Q3 ratios were obtained 20 min after injection. Exercise thallium ratios were obtained 20 min after injection. Rest thallium ratios

were obtained 3.5 hr after injection.
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FIGURE 2. Representative short-axis
(left panel) and horizontal long-axis (right
panel) tomographic images acquired fol-
lowing 2°'Tl injection with exercise (top
row) and at rest (second row) in a healthy
volunteer. Corresponding ™ Tc-Q3 exer-
cise (third row) and rest images (fourth
row) are shown for the same volunteer.
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tal perfusion defect was reported in 55% of abnormally
perfused segments. For *™Tc-Q3, 32 reversible defects
and 37 fixed defects were reported (21% of all segments).
With ™Tc-Q3 imaging, reversibility of a segmental perfu-
sion defect was reported in 46% of abnormally perfused
segments (p = ns, kappa statistic = 0.19 for defect revers-
ibility by 2°'T1 versus **™Tc-Q3). Two study patients had
fixed perfusion defects only based on *™Tc-Q3 images but
had evidence of reversible ischemia on the corresponding
2017} images. Conversely, one patient with fixed perfusion
defects only based on °'Tl images had evidence of revers-
ible ischemia on the corresponding *™Tc-Q3 images.

Interobserver agreement was present in 24 of 27 thallium
studies (89%) and 25 of 27 ®™Tc-Q3 studies (93%). Inter-
observer agreement concerning the presence or absence of
a perfusion defect in an individual myocardial segment
occurred in 141 of 160 segments (88%) with 2! Tl and in 139
of 160 segments (87%) with *™Tc-Q3 (p = ns versus *'T}).
Of 67 left ventricular myocardial segments identified by
both readers as containing a perfusion defect with exercise,
there was interobserver agreement regarding defect revers-
ibility in 28 of 36 segments (78%) imaged with ?°'T1 and in
25 of 31 segments (81%) imaged with *™Tc-Q3 (p = ns
versus 2'7T1).

FIGURE 3. Short-axis (left panel) and
horizontal long-axis (right panel) tomo-
graphic slices from a 63-yr-old man with
proximal occlusion of the left anterior de-
scending coronary artery and collateral fill-
ing from the right coronary artery. Exercise
and rest images following 2°'T1 injection
are shown in the top two rows. Exercise
and rest images following ®*™Tc-Q3 injec-
tion are shown in the lower two rows.
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DISCUSSION

Technetium-99m-Q3 is a mixed-ligand imaging agent
that provides prompt myocardial visualization and rapid
hepatic clearance. In the present study which used a rest
and exercise sequence that could be completed in less than
100 min, *™Tc-Q3 permitted overall detection of CAD and
detection of individual coronary artery stenoses with an
accuracy comparable to that of *'Tl. Technetium-99m
myocardial imaging agents currently available for clinical
use have provided improved myocardial image clarity
compared to 2! Tl but have been limited by cardiac overlap
from prominent hepatic activity early after tracer injection
(3-8). In the present study, heart-to-liver ratios of
#mTc-Q3 activity acquired 20 min following Q3 injection at
rest compared favorably to corresponding 60-min postin-
jection ratios for *™Tc-sestamibi reported in the literature
(3). This confirmed the subjective impression that resting
9™Tc-Q3 tomograms acquired beginning 15 min following
radiopharmaceutical injection were not substantially de-
graded by scattered photons from *™Tc-Q3 distributed in
organs located below the diaphragm.

Studies of ®™Tc-Q3 in an open-chest, anesthetized ca-
nine model have shown a high correlation of myocardial
9mTc-Q3 activity to actual myocardial blood flow over a
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TABLE 3
Detection of CAD and Stenosis in Individual Coronary Vessels by Qualitative Methods

) | %mTe-Q3
Sensitivity Normaicy Rate Sensitivity Normalcy Rate
CAD 13/19 (68%) 8/8 (100%) 16/19 (84%) 8/8 (100%)
LAD 79 (78%) 17/18 (94%) 8/9 (89%) 16/18 (89%)
LCX 5/11 (45%) 14/16 (88%) 4/11 (36%) 15/16 (94%)
RCA 6/14 (43%) 12/13 (92%) 1114 (79%) 13/13 (100%)

p = NS for all comparisons of 2°'Tl vs. **™Tc-Q3. CAD = overall detection of the presence or absence of CAD; LAD = left anterior descending

artery; LCX = left circumfiex artery; RCA = right coronary artery.

flow range of 0 to 2.0 ml/g/min as measured by microsphere
methods (I4). In an open-chest, anesthetized canine
model, in which reduced flow through the left circumflex
artery was maintained constant over 4 hr and intravenous
dipyridamole was administered to augment left anterior
descending artery flow at the time of *™Tc-Q3 administra-
tion, no evidence of *™Tc-Q3 redistribution was observed
over 4 hr (14). There have been few previous accounts of
9™Tc-Q3 administration in humans (12, 22,23). Rossetti et
al. (22) administered a single dose of ®™Tc-Q3 to six
healthy volunteers in order to determine whole-body bio-
distribution. Blood clearance was rapid and followed by
prompt tracer clearance through the hepatobiliary system.
These authors also described ischemic and infarcted re-
gions on ®™Tc-Q3 tomographic images in eight patients
with angiographically documented CAD (22). Bisi et al.
(23) administered ®™Tc-Q3 to three patients at rest and
performed tomographic imaging 2 hr later. Subsequently,
#mTc-labeled microspheres were injected into the coro-
nary arteries at the time of coronary arteriography and
tomographic imaging was repeated. The regional distribu-
tion of ®™Tc-Q3 correlated with the distribution of the
9mTc-labeled microspheres.

In the present study, the myocardial tomograms ac-
quired following ®™Tc-Q3 injection were of excellent tech-
nical quality and compared favorably to the corresponding
21T] tomograms. By subjective evaluation, *™Tc-Q3 and
'] imaging provided comparable assessment for the
presence or absence of CAD and for detection of individual
coronary artery stenoses. In addition, there was good in-
terobserver agreement in the interpretation of *™Tc-Q3
images— comparable to that obtained with 2°'T1. With the
exception of photopeak and collimator selection, the imag-
ing methods and tomographic data filtering procedures
used for *™Tc-Q3 images were those previously optimized
for ' T1 tomographic imaging. It is likely that image acqui-
sition and s)(Elyll;(l{cessing methods can be further improved to
optimize c-Q3 images. Previous studies (24,25) have
shown that reversible myocardial defects on exercise, re-
distribution and reinjection 2'T1 images predict improve-
ment in left ventricular regional wall motion following a
revascularization procedure. However, Cuocolo et al. (26)
found fewer reversible segmental perfusion defects with
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rest and exercise injections of *™Tc-sestamibi compared to
the number of reversible defects on exercise, redistribution
and reinjection °'T1 images in the same patients. In the
present study, defect reversibility was observed in 55% of
perfusion defect interpretations using exercise and reinjec-
tion 2°'T1 imaging and in 46% of perfusion defect interpre-
tations using separate rest and exercise *™Tc-Q3 injec-
tions. The difference was not statistically significant. It has
been shown that mild or moderate fixed 2°'T1 defects usu-
ally contain viable myocardium (27,28). In a preliminary
report, Arrighi et al. (29) found that classification of fixed
PmTc-sestamibi defects as mild, moderate or severe could
improve detection of viable myocardium. This type of ap-
proach may also improve assessment of myocardial viabil-
ity with ®™Tc-Q3 in future studies.

Potential limitations of the present study require com-
ment. In previous studies of new *™Tc radiopharmaceuti-
cals, planar imaging was generally used (3) and heart-to-
organ ratios were calculated from planar anterior images
containing a large number of scintigraphic events. In this
tomographic study of *™Tc-Q3, the heart-to-organ ratios
were calculated from the anterior plane of the tomographic
sequence. Although the number of scintigraphic events
was lower than those obtained from a standard planar
anterior image, the interobserver and intraobserver vari-
ability in calculation of heart-to-organ ratios was low.
Comparability of heart-to-organ ratios calculated from to-
mographic anterior projections and from standard anterior
planar acquisitions is further illustrated by the similar ra-
tios for 2°'T1 using the former method in the present study
and the latter method in the study of Wackers et al. (3).

The principal limitation of this initial study of ™Tc-Q3
is the small size of the study population. The trend toward
higher sensitivity for detection of CAD with ***Tc-Q3
compared to °'T] imaging was not statistically significant.
Larger studies with increased statistical power would be
required to demonstrate conclusively that the higher num-
ber of correct diagnoses with *™Tc-Q3 compared to °'Tl
imaging was not due to chance alone. In addition, further
basic investigation is needed to clarify the mechanism by
which *™Tc-Q3 is taken up and retained by myocytes.

We conclude that rest and exercise ®™Tc-Q3 injection
imaging provides high quality myocardial images with di-
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agnostic accuracy for detection of CAD and individual
coronary artery stenoses comparable to that of °!Tl. In
addition, a favorable early ratio of heart-to-liver activity
following *™Tc-Q3 administration suggests that a rela-
tively condensed imaging sequence may be possible. Fur-
ther investigation of ®™Tc-Q3 is justified.
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