
perfusion in a subset of patients conforms to this hypothesis.
Because the use of HMPAO precludes the determination of
absolute perfusion, the distinct possibility remains that a global
CBF deficit, including the cerebellum, can occur during TGA.
Further imaging studies, specifically with PET, are needed to
elucidate the chain of events that elicit TGA.
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Correlations Between Uptake of Technetium-99m
Q12 and Thallium-201: Myocardial Perfusion and
Viability in a Model of Acute Coronary Reperfusion
Nono Takahashi, Christopher P. Reinhardt, Robin Marcel and Jeffrey A. Leppo
Myocardial Isotope Research Laboratory and Departments of Medicine and Nuclear Medicine, University of Massachusetts
Medical Center, Worcester, Massachusetts

To investigate whether Q12 uptake is affected by myocardial viabil
ity, as has been noted for201Tl and sestamibi, we analyzed the initial

and delayed distribution patterns of Q12 in a rat coronary artery
occlusion-reperfusion model. Methods: Animals were intubated
and ventilated, and their arterial pressures were monitored. A left
thoracotomy was performed. After a 1-hr occlusion and a 1-hr
reperfusion of a major branch of the circumflex artery, 201TIand Q12

were injected intravenously. Radiolabeled microspheres were used
to document the areas of risk and reperfusion. The animals were
killed at 5 min or 1 hr after administration of the diffusible tracers.
Tracer distribution was determined by segmental tissue analysis,
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and tissue viability was determined by histochemical staining.
Results: Both the initial uptake and delayed retention of Q12 are
sensitive to myocardial viability as shown by significantly lower
uptake (28% Â±8%) and retention (41% Â±13%) of Q12 in the
nonviable as compared to the viable segments (p < 0.001). In
addition, the myocardial retention of Q12 was significantly less in the
nonviable tissue when compared to the initial uptake (p < 0.01).
Conclusion: The clinicalimplicationof these observationssuggests
that initial and delayed imaging after Q12 administration would
reflect both the initial regional blood flow pattern and myocardial
viability. Also, delayed imaging of Q12 may reflect viability better
than the initial imaging.
Key Words: technetium-99m Q12; myocardial viability; ischemia;
coronary artery disease; thallium-201
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Stress 20IT1 myocardial perfusion imaging is widely used for
the scintigraphic evaluation of coronary artery disease (1-3).
However, Tc-labeled sestamibi has shown a diagnostic
ability that is similar to that of 20IT1 (4). As a result, sestamibi

is now commonly used to evaluate coronary artery disease.
Given the improved imaging characteristics afforded by the
99mTc label and the early experimental and clinical success of
sestamibi, research into the development of additional "'"Tc-

labeled myocardial imaging agents continues.
Trans-(l,2-bis(dihydro-2,2,5,5-tetramethyl-3(2H)furanonate-

4-methyleneimino (ethane )bis(tris(3-methoxy-1 -propyl)phosphine)
99mTc(III) (known as Q12) is a recently developed myocardial

perfusion agent (5). Using a canine model, Gerson et al. (6)
demonstrated that the clearance rates of Q12 are the same from
normal and ischemie myocardium. In addition, a human volunteer
study has shown minimal 5-hr clearance (5), thereby potentially
allowing for clinical imaging several hours after administration.

Previous studies have demonstrated that the myocardial
distributions of sestamibi and 2()1T1are affected by myocardial

viability ( 7-9), and this property may be important in the early
detection of myocardial infarction. Like sestamibi, Q12 is a
lipophilic cation (5), and it is possible that they both share
similar cardiac transport properties. Therefore, we hypothesized
that the cardiac transport of Q12 would also be affected by
tissue viability and that initial Q12 myocardial uptake would be
relatively stable over time.

To evaluate these hypotheses, we compared the initial and
delayed distribution patterns of Q12 in a rat model that is
designed to simulate the clinical problem of assessing flow and
viability after successful thrombolysis or reperfusion in an
evolving myocardial infarcÃ¬or acute ischemie event. The
distribution pattern of Q12 was then compared with that of
simultaneously injected 20IT1. A previous study (9) used 99mTc-

sestamibi and tetrofosmin in a similar model and would serve as
a useful comparison with the 99n1Tc/Q12 results described here.

MATERIALS AND METHODS

Radiopharmaceutical Preparation
Mallinckrodt, Inc. (St. Louis, MO) supplied Q12 as an "instant

kit." Each vial was reconstituted with 2-3 ml of 99mTcas sodium
pertechnetate containing no more than 100 mCi of 99mTc.The vial

was placed in a boiling water bath for 15 min and then cooled to
room temperature. Radiochemical purity was tested using Sep-Pak
Alumina cartridges (Millipore Corp., Milford, MA), as described
previously (10). Radiochemical purity values ranged from 95% to
97%. Within 1 hr after chemical preparation, Q12 was injected in
the animals. It has been reported that radiochemical purity remains
unchanged for at least 8 hr (5). In addition, we repeated this quality
control measurement at the conclusion of each experiment and
noted no significant change in Q12 purity.

Surgical Preparation
Sprague-Dawley male rats (n = 14, 300-600 g; Taconic Farms,

Germantown, NY) were sedated with intramuscular ketamine (0.14
mg/g) and xylazine (0.035 mg/g) and then anesthetized with
0.5%-2.0% isoflurane administered through an anesthesia appara
tus (Ohio model 7000; Ohio Medical, Cleveland, OH). Ventilatory
parameters and supplemental oxygen were adjusted to maintain
physiological arterial blood gases. The carotid artery was calheter-
ized, and arterial pressure was recorded continuously (Linearcorder
WR3101; Graphtec Corp., Irvine, Ã‡A).A femoral artery and vein
were isolated and cannulated for withdrawal of arterial blood
samples (microsphere references and blood gases) and for admin
istration of Q12 and 2()IT1,respectively. The heart was exposed in

a pericardia! cradle through a left thoracotomy, and a catheter was

Experimental Design
n =7Occlude

Reflow 5mjni1

hr '-â€¢-I

Ml '^Ms1

99mTc-Q12, 201TI

&Ms2of
OUp Â¿.n

= 7Sacrifice

FIGURE 1. Schematic representation of the experimental design. Ms1, first
set of microspheres; Ms2, second set of microspheres. Group 1 represents
the initial tracer distribution pattern, whereas Group 2 represents the delayed
distribution pattern.

placed in the left atrium for the injection of radiolabeled micro-
spheres.

Experimental Protocol
The experimental design is shown schematically in Figure 1.

Severe regional hypoperfusion was induced by occlusion of a
major branch of the left circumflex artery for 1 hr. After 55 min of
occlusion, the first set of microspheres (95Nb, 5 X 10s, 12-15 mm)

was injected through a left atrial catheter (11). Simultaneously, a
2-min reference blood sample was drawn at a rate of 0.97 ml/min
from a femoral arterial catheter using an infusion pump (Harvard
Apparatus, Millis, MA). After 1 hr of reperftision, WmTc-labeledQ12
(5 mCi) and 20IT1(250 mCi) were administered (11.12). Immediately

after administration of the tracers, a second set of microspheres
(103Ru,5 X IO5, 12-15 mm) was injected, and the reference blood

sample was withdrawn for 2 min to document the extent of reperfusion
flow. The tracers were allowed to circulate for 5 min (Group l, n =
7) to evaluate initial distribution or 1 hr (Group 2, n = 7) to assess
delayed distribution after which the rats were killed.

Postmortem Analysis
The hearts were excised and then frozen to allow for uniform

sectioning. Transmural left ventricular segments were collected
and weighed (32-40 segments per heart). The average left ventricle
and sample weights were 1.09 Â±0.11 g and 0.03 Â±0.01 g,
respectively. Because histochemical stains have been shown to
affect the postmortem distribution of 20IT1 (9,13), each thawed

segment was incubated separately in a bath of nitroblue tetrazolium
(NBT) (1 ml in 0.05% phosphate-buffered solution; pH 8.0) at
37Â°C.On the basis of histochemical results, segments were

classified as viable (100% blue stain) or nonviable [mosaic (mix of
pale and blue stain) or infarcÃ¬(100% pale)].

The tissue segments were Ihen removed from the histochemical
buffer and placed in separalely labeled lesi lubes. The lissue
samples, along wilh the NBT solution and arterial blood samples,
were then counled in a Nal (TI) gamma well scinlillation counter
(Aulo-Gamma 5530; Packard Inslrumenl Company, Downers
Grove, IL). Any poslmorlem tracer activity loss associated wilh Ihe
NBT incubaiion was accounled for by a separale aclivily measure-
menl of Ihe lissue and NBT bath. All samples were corrected for
inlerradionuclide cross-over and tracer decay during the counting
period. Tracer aclivity concentration was expressed as dpm/g.

Absolute Myocardial Blood Flow
Absolute myocardial blood flow (ml/min/g) was determined, as

described previously (14). Briefly, the myocardial microsphere
densily in each segmenl (dpm/g) was delermined, and Ihe micro-
sphere conlenl in the 2-min reference blood colleclion (dpm/ml/min)
was Ihen used to calculate absolule flow (dpm/g + dpm/ml/min).
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TABLE 1
Hemodynamic Measurement

Heart rate (beats/min) Peak systolic pressure (mmHg)

Group Baseline Occlusion Reflow Baseline Occlusion Reflow

1 203 Â±17 207 Â±16 211 Â±16 84 Â±6
2 204 Â±12 207 Â±28 215 Â±38 87 Â±10

74 Â±5*
73 Â±9*

73 Â±10*
76 Â±11*

*p < 0.05 compared to baseline

Tracer Activity Concentration (Relative Concentration)
The relative blood flow in each segment (dpm/g) was also

normalized to the average left ventricular activity concentration
(dpm/g), as defined by the following equation:

where 2LVA and 2LVrn represent the total tracer activity and total
mass of the left ventricle, respectively. Then the microsphere
content for each segmental tissue sample could be expressed as a
relative concentration (RC) (15,16) as compared to the average left
ventricular activity concentration. We also used a similar normal
ization procedure for 201T1and Q12 so that the RC values for each

tracer could be compared over a similar range. In these analyses, a
value of 1.0 represents unity and is the average activity concentra
tion of any specific isotope in the myocardium. Therefore, RC
values above 1.0 define higher flow or diffusible tracer content,
whereas values below 1.0 have low flow or tracer content as
compared to the average left ventricular concentration.

Tissue Retention After Histochemical Staining
To evaluate the effect of NBT staining on the distribution of

each diffusible tracer, we measured the tissue retention (TR) in the
viable and nonviable region:

TR = Tissue activity/(tissue activity

+ corresponding NBT buffer solution activity) X 100%.

Statistical Analysis
All data are presented as mean Â±s.d. Univariate analysis of

groups was performed by a paired Student's t-test, unpaired
two-sample Student's t-test, Wilcoxon signed rank test or Wil-

coxon rank-signed test. An analysis of variance and Bonferroni
Student's t-test were used when multiple comparisons were made

as a function of time. Analysis of variance was also performed in
comparison of regression lines. All of these statistical calculations
were performed using a commercially available computer program
(Sigma Stat, Jandel Corporation; or Stata, Stata Corporation).

RESULTS

Hemodynamics
Hemodynamic variability in heart rate and peak systolic

pressure during baseline, occlusion and reperfusion periods are
shown in Table 1. All groups showed stability in heart rate
during the experimental protocol. Peak systolic pressure fell
slightly as compared to baseline during occlusion and reperfu-
sion in both groups. There were no significant differences in
heart rate and blood pressure between groups.

Measurement of Myocardial Blood Flow
To simplify the comparison of the tracer uptake in the viable

and nonviable myocardium, all individual segments were
placed into one of four categories based on normalized reper-
fusion measurements as shown in Table 2. We used a lowest
flow region, represented by <0.75 of average left ventricular
reperfusion flow; a lower flow reduction, defined by a flow
level of 0.75-0.99; a higher flow, classified by a normalized
level of 1-1.25; and a highest flow level, defined by >25% of
average flow. This division into four sequential subgroups of
lowest to highest reperfusion flow permitted us to evaluate the
effect of viability on tracer content independently of variations
in regional blood flow. Given the small number of mosaic
segments, mosaic and infarcÃ¬segments were combined into one
nonviable category.

TABLE 2
Comparison of Blood Flow, Thallium-201 and Q12 Distribution Based on Four Levels of Normalized Reperfusion Flow

Normalized reflow (relative concentration)

<0.75 (lowest) 0.75-0.99 (lower) 1.0-1.25 (higher) >1.25 (highest)

Viable Nonviable Viable Nonviable Viable Nonviable Viable Nonviable

Group1No.
ofsegmentsOcc

(ml/min/g)Occ
(RC)Rep
(ml/min/g)Rep
(RC)201Tl
(RC)Q12

(RC)Group
2No.

ofsegmentsOcc
(ml/min/g)Occ
(RC)Rep
(ml/min/g)Rep
(RC)201TI
(RC)Q12(RC)31.65

Â±0.650.80
Â±0.232.17
Â±0.410.73
Â±0.010.94
Â±0.030.96
Â±0.0461.67

Â±0.221.07
Â±0.111.78
Â±0.750.66

Â±0.071.10
Â±0.101.11

Â±0.08210.24

Â±0.35*0.13
Â±0.19*1.39Â±0.38t0.63

Â±0.08*0.53
Â±0.11*0.60

Â±0.12*150.18

Â±0.34*0.10
Â±0.16*1.16Â±0.28Â§0.55

Â±0.130.52
Â±0.15*0.48
Â±0.13*652.38

Â±0.411.28
Â±0.222.34

Â±0.570.92
Â±0.061.10

Â±0.101
.08 Â±0.09652.10

Â±0.481.24
Â±0.232.55

Â±0.890.91
Â±0.071.08
+0.111.09

Â±0.14250.64

Â±0.61*0.36
Â±0.34*1.97Â±0.40t0.88

Â±0.0750.69
Â±0.16*0.76

Â±0.15*210.37

Â±0.45*0.25
Â±0.30*1.89

Â±0.25*0.85

Â±0.07f0.64
Â±0.15*0.60
Â±0.16*712.71

Â±0.421
.47 Â±0.212.70

Â±0.651.10
Â±0.071.18
Â±0.111.16
Â±0.10812.38

Â±0.501.38
Â±0.212.70

Â±0.941.10
Â±0.061.17
Â±0.101.19

Â±0.12330.98

Â±0.72*0.51
Â±0.36*2.88

Â±0.711.12
Â±0.070.92

Â±0.14*0.92
Â±0.11*370.71

Â±0.60*0.43
Â±0.34*2.92

Â±0.991.11
Â±0.080.81

Â±0.14*0.78
Â±0.15*92.92

Â±0.451.67
Â±0.312.75

Â±0.611.35
Â±0.071.27

Â±0.191.22
Â±0.1772.49

Â±0.691.59Â±
0.413.34

Â±1.061.37
Â±0.121.24
Â±0.181.23
Â±0.24121.00

Â±0.57*0.56
Â±0.32*3.12

Â±0.681.33
Â±0.060.95

Â±0.08*0.95
Â±0.08*120.98

Â±0.71*0.56
Â±0.39*3.88

Â±1.281.38
Â±0.150.93
Â±0.15*0.90
Â±0.13t

*p < 0.001comparedto viable.
fp < 0.01 comparedto viable.
*p < 0.05 comparedto viable.
Â§p< 0.02 comparedto viable.
Rep = reperfusion blood flow; Occ = occlusion blood flow; RC = relative concentration (activity of segment/weight of segment)/(activity of whole

ventricle/weight of whole ventricle).
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In each of the four subgroups, RC values are displayed for
viable and nonviable segments, as well as for occlusion and
reperfusion flow. As expected, both the absolute (ml/min/g) and
normalized occlusion blood flow in the nonviable segments
were significantly lower than those noted for the viable seg
ments at all flow levels of both groups. In addition, we
documented successful reperfusion because the absolute blood
flow during reperfusion increased significantly, as compared to
the flow during occlusion in the nonviable segments in all four
subgroups (p < 0.001). In the viable segments, the absolute
blood flow during reperfusion significantly increased (p <
0.01 ) or was stable, as compared to that during occlusion. The
absolute reperfusion blood flow was not statistically different
between Groups 1 and 2 at all flow levels.

Myocardial Distribution of Thallium-201, Q12 and
Reperfusion Blood Flow Between Viable and Nonviable
Segments

As displayed in Table 2, the reperfusion blood flow in most
subgroups at the time of diffusible tracer administration was
similar between the viable and nonviable segments. In contrast,
the mean activity concentration of diffusible tracers was signif
icantly lower in all the nonviable segments, as compared to the
viable segments. Therefore, as shown in Figure 2, this decrease
in tracer uptake and retention in both groups cannot be
explained by regional flow differences. Specifically, in Group
I, the activity concentration of Q12 in the nonviable segments
was 38% lower in the lowest flow group and 30% less in the
lower flow segments as compared to Q12 activity in the viable
segments. At the higher and highest flow levels, there was a
mean Q12 reduction of 21% in the nonviable higher flow
segments and a 22% reduction in the highest flow segments.

Similar findings were observed in Group 2. Q12 activity
concentration in the nonviable segments was reduced by 57% in
the lowest flow group and by 45% in the lower flow group. In
addition, Q12 activity concentration in the nonviable segments
was 34% less in the higher and 27% less in the highest flow
segments as compared to viable segments.

In an analogous fashion, 2()1T1activity concentration in the

nonviable segments was significantly lower than that noted for
the viable segments in both groups at all flow levels. This
observation demonstrates that both the initial and delayed
distribution of Q12 and 201T1 are affected by myocardial

viability.

Myocardial Distribution of Thallium-201 and Q12 Between
Groups 1 and 2

The normalized reperfusion blood flow was not statistically
different between Groups I and 2, except in the nonviable
segments at lowest flow level (p < 0.05). Overall, there was
only a 4% difference in viable and nonviable normalized
reperfusion flow. In contrast, the average differences in Q12
content between the viable and nonviable segments were 28%
in Group I and 41% in Group 2. These findings suggest that
there was preferential loss of myocardial Q12 activity in the
nonviable myocardium 1 hr after administration.

Similarly, the net retention of 201T1(Group 2) was lower than

the initial uptake (Group 1) in the nonviable segments, but the
difference only reached statistical significance at the higher
flow level (p < 0.01). The average differences in 20IT1 activity

concentration between the viable and nonviable segments were
32% in Group 1 and 37% in Group 2. These findings also
suggest that there is preferential loss of 201T1 in nonviable

myocardium, but it appears that the loss of Q12 from nonviable
myocardium is more prominent.

Figure 3A shows the correlation of Q12 as a function of
reperfusion blood flow for Groups 1 and 2. The slope and
intercept for the Group 1 and 2 hearts show essentially no
change. This suggests that Q12 does not undergo tracer redis
tribution during the time course of this protocol.

In contrast to Q12, the slope for the regression lines of 2()IT1

from Group 2 was lower (and intercept was higher) than that of
Group 1, as displayed in Figure 3B. This significant (p <
0.02) difference in the slope of the nonviable segments
suggests that there is 20IT1 redistribution during 1 hr of tracer

recirculation. In addition, this loss of tracer from the nonvi
able segments may be reduced at the lower and lowest flow
levels.

Effect of Nitroblue Tetrazolium Staining on the
Distributions of Thallium-201 and Q12

Table 3 shows the TR rate for 2()lTl and Q12 in the viable,

mosaic and infarcÃ¬regions. In both Group 1 and 2 hearts, the TR
of 201T1 in the nonviable region (mosaic and infarcÃ¬)was

significantly higher than that noted for the viable region. In
contrast, the TR of Q12 in the nonviable region was signifi
cantly lower than that noted for the viable region. In addition,
we noticed that the TR of 20IT1 was approximately 50% of the

value of Q12.

DISCUSSION
This study shows that both the initial (5-min) uptake and

delayed retention of Q12 and 20IT1are affected by the status of

myocardial viability. This was demonstrated by significantly
lower uptake and retention values for 20IT1 and Q12 when the

nonviable segments were compared with the viable segments at
all flow levels. In addition, this study suggests that the Q12 has
a more stable myocardial distribution pattern over time than
does 20IT1 and does not display appreciable tracer redistribu

tion.

Interaction of Viability and Tracer Uptake
The finding that Q12 uptake is affected by myocardial

viability is consistent with observations in an isolated rat heart
study (10). Although the myocellular mechanism(s) associated
with the uptake and retention of Q12 are as yet unknown,
several prior investigations into the cellular mechanisms gov
erning the retention of sestamibi and 20IT1 have been reported.

Specifically, Piwnica-Worms et al. (77) showed that sestamibi
transport involves passive diffusion across the plasma and
mitochondrial membranes, and it is sequestered largely within
mitochondria by the large negative transmembrane potentials.
When plasma or mitochondrial membrane potentials are depo
larized secondary to irreversible myocardial injury, there is an
inhibition in net uptake of sestamibi and, thereby, a reduction in
myocyte retention. Given the similar lipophilic cation nature
and composition of Q12 (5), it may also be inhibited by similar
mechanisms that have been noted for sestamibi. We previously
reported that sestamibi uptake was lower in the nonviable as
compared to the viable segments in a similar model to that
presented here (9). We also noted that both sestamibi (9) and
Q12 show higher tracer retention in nonviable tissue after
histochemical staining techniques. Overall, these observations
in our prior (9) and current experiments support a common
transport mechanism for these two WmTc perfusion tracers.

Although both uptake and retention of Q12 and 201T1were

depressed in the nonviable segments compared to the viable
segments, the activity concentration of both tracers displays
linear uptake as flow increases, which is independent of
viability. This same trend was observed in the other cationic
perfusion tracers, WmTc-tetrofosmin (tetrofosmin) and sesta-
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RGURE 2. Bar graphs display normalized reperfusionblood flow (A),Q12 (B)and 201TI(C) activityconcentration, which compare the viable (D) and nonviable

(0) segments in relation to the four levels of normalized reperfusion blood flow, from the lowest (RC < 0.75) to the highest (RC > 1.25) subgroup. The number
(n) of individual segments in each subgroup is shown just below each bar in the graph. *p < 0.001; fp < 0.01; *p < 0.05 compared to viable.

mibi (9). Because these tracers are affected by both flow and
myocardial viability, perfusion defects could result from either
viable areas that are hypoperfused or nonviable tissue that are
receiving normal basal flow. Therefore, in clinical situations
that involve imaging during coronary occlusion and reperfu-
sion, these tracers should be used after reactive hyperemia has
abated to help evaluate the relationship between myocardial
viability and regional blood flow.

Myocardial Tracer Stability
In Group 2 hearts, which experience 1 hr of tracer recircula

tion, Q12 activity is preferentially lost from the nonviable
myocardium at all flow levels. This result is consistent with

isolated heart experiments that demonstrated biphasic myocar
dial clearance of Q12 with a fast early and slow late phase
(10,18). An accelerated early rapid clearance phase in nonviable
myocardium was also noted (10). The observation that Q12
does not show myocardial redistribution is also consistent with
a recent canine study (6).

Effect of Nitroblue Tetrazolium Staining on Q12 and
Thallium-201 Distribution

The postmortem incubation of myocardium with NBT was
associated with tracer washout for both Q12 and 201Tl. Our

group previously reported that the postmortem distribution of
Tl and sestamibi are affected by triphenyl tetrazolium chlo-
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FIGURE 3. Individual segments from
all Group 1 and 2 hearts are shown.
The normalized reperfusion blood
flow was plotted against its normal
ized (RC) Q12 (A) and 201TI(B) activity

concentration for both the viable (â€¢)
and nonviable (Q mosaic; A, infarcÃ¬)
myocardial segments. The least
square linear regression lines (solid
line represents the viable segments,
whereas dotted line represents the
nonviable segments) and equations
are also shown.

ride (13). In addition, we have reported that NBT staining can
affect the postmortem myocardial distribution of 20IT1, sesta-

mibi and tetrofosmin. The current observation with Q12 is
consistent with previous reports concerning sestamibi and
tetrofosmin (9,19). If we had not accounted for the possible
effect of postmortem tracer washout, we might have overesti
mated the effect of viability on myocardial Q12 uptake. In
contrast, NBT exposure results in an increased loss of 201T1

from viable cells that, if uncorrected, could have caused an
underestimation of the effect of viability on 2(I1T1kinetics.

Overall, our observations that histochemical staining has an
effect on tracer retention in postmortem tissue suggest that there
are differences in the intracellular binding properties of 2IIITI
and Q12. This could involve a possible NBT effect on the WmTc

label stability as well as potential differences in the subcellular

localization in parenchymal cell binding sites. Clearly, further
specific investigations in this area are warranted.

Limitations
There are several important limitations to note:

1. This study did not assess serial tracer changes over time in
the same group of rats. However, both the absolute and
normalized reperfusion blood flow rates in Groups 1 and
2 were statistically similar at all but one flow level
(nonviable segments, lowest flow level). The design
limitation also precluded paired Student's t-test compari

sons, but we were still able to show consistent and
significant differences in tracer uptake and retention
among the viable and nonviable segments.

TABLE 3
Comparison of Tissue Retention of Thallium-201 and Q12 after Nitroblue Tetrazolium Staining

Group 1 (5 min) Group 2 (1 hr)

Viable Mosaic InfarcÃ¬ Viable Mosaic Infarct

201-r,

Q1235.2
Â±7.0

74.2 Â±1.137.4

Â±7.2*

71.5 Â±0.6Â§43.7
Â±8.3n

70.3 Â±2.4s32.6
Â±2.7

75.6 Â±1.637.6

Â±4.3T
72.9 Â±2.0Â§48.2

Â±7.9Â«
70.1 Â±1.7Â«

*p < 0.02 compared to viable.

fp < 0.01 compared to viable.
*p < 0.01 compared to mosaic.
Â§p< 0.001 compared to viable.
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2. The 1-hr time course of delayed tracer distribution may
appear relatively short. However, the normal heart rate in
rats is about 3-fold higher than that in humans, and 1 hr is
a sufficient time period to evaluate for redistribution.

3. Although we confirmed our hypothesis that the cardiac
transport of Q12 would be affected by myocardial viabil
ity, we have not particularly addressed the mechanism of
cellular uptake and retention. In addition, the accelerated
Q12 washout from nonviable myocardium also needs
further investigation, which was beyond the scope of this
in vivo model.

CONCLUSION
We have observed that the myocardial uptake of Q12 is

linearly related to regional blood flow and that the loss of tissue
viability will accelerate tracer loss over time. Therefore, in
clinical situations that involve coronary occlusion and reperfu-
sion, such as acute myocardial infarctions and thrombolysis, the
distribution of Q12 will be affected by myocardial viability.
Specifically, delayed imaging after Q12 administration would
probably reflect myocardial viability more clearly than do the
initial images. Although we noted a depression of Q12 and
20'TI uptake in the nonviable tissue, its impact on the highest

flow regions is less than that noted in the very low flow regions.
Further clinical trials including quantitative myocardial scan
analysis will need to be performed to determine the impact of
these basic observations on the evaluation of acute coronary
ischemia and reperfusion.
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