
18. Haque T, Furukawa T, Takahashi M, Kinoshita M. Identification of hibernating
myocardium by dobutamine stress echocardiography: comparison with thallium-20l
reinjection imaging. Am Heart J 1995;l30:553â€”563.

19. Nishimura T, Sago M, Kihara K, Ct al. Fatty acid myocardial imaging using
231-beta-methyl-iodophenyl pentadecanoic acid (BMIPP): comparison of myocardial

perfusion and fatty acid utilization in canine myocardial infarction (occlusion and
reperfusion model). Eur J NucI Med 1989;15:34lâ€”345.

20. Yamamichi Y, Kusuoka H, Morishita K, et al. Metabolism of iodine-123-BMIPP in
perfused rat hearts. J Nucl Med l995;36: 1043â€”1050.

21. Fujibayashi Y, Yonekura Y, Takemura Y, et al. Myocardial accumulation of iodinated
beta-methyl-branched fatty acid analog, iodine-l25-15-(p-iodophenyl)-3-(R,5)-meth
ylpentadecanoic acid (BMIPP), in relation to Al? concentration. J NucI Med
l990;3 1:1818â€”1822.

22. Riendeau D, Guertin D. ATP- and coenzyme A-dependent fatty acid incorporation into
proteins of cell-free extracts from mouse tissues. J Biol Chem 1986;26l:976â€”981.

23. Saddik M, Gamble J, Witters LA, Lopaschuk GD. Acetyl-CoA carboxylase regulation
of fatty acid oxidation in the heart. J Biol Chem 1993;268:25836â€”25845.

24. Matsunari I, Saga T, Taki J, et al. Improved myocardial fatty acid utilization after
percutaneous transluminal coronary angioplasty. J Nucl Med 1995;36:1605â€”1607.

25. Takeishi Y, Atsumi H, Fujiwara 5, Tomoike H. Delayed metabolic recovery of
hibernating myocardium after percutaneous transluminal coronary angioplasty: assess
ment with iodine-123-beta-methyl-p-iodophenyl-pentadecanoic acid imaging. J Car
diolI996;28:17â€”25.

26. Dudczak R, Schmoliner R, Angelberger P, Knapp FF, Goodman MM. Structurally
modified fatty acids: clinical potential as tracers of metabolism. Eur J Nucl Med
1986; 12(suppl):545â€”548.

27. Chouraqui P, Maddahi J, Henkin R, Karesh SM, Galie E, Berman D5. Comparison of
myocardial imaging with iodine-123-iodophenyl-9-methyl pentadecanoic acid and
thallium-201-chloride for assessment of patients with exercise-induced myocardial
ischemia. J NucI Med I991 ;32:447â€”452.

28. Kropp J, Jorgens M, Glanzer K, Lunderitz B, Biersack H, Knapp F. Evaluation of
ischemia and myocardial viability in patients with coronary artery disease (CAD) with
iodine-123 labeled 15-(p-iodophenyl)-3-R,S-methylpentadecanoic acid (BMIPP). Ann
Nucl Med 1993;7(suppl 2):93â€”100.

29. Schoonderwoerd K, Broekhoven 55, Hulsmann WC, Stam H. Enhanced lipolysis of
myocardial triglycerides during low-flow ischemia and anoxia in the isolated rat heart.
BasicRes Cardioll989;84:l65â€”173.

30. Taki J, Nakajima K, Matsunari I, Bunko H, Takada 5, Tonami N. Impairment of
regional fatty acid uptake in relation to wall motion and thallium-201 uptake in
ischaemic but viable myocardium: assessment with iodine-123-labeled beta-methyl
branched fatty acid. Eur J Nucl Med 1995;22: 1385â€”1392.

31. Mon T, Hayakawa M, Hattori K, et al. Exercise beta-methyl iodophenyl acid (BMIPP)
and resting thallium delayed single photon emission CT (SPECT) in the assessment of
ischemia and viability. Jpn Circ J 1996;60:17â€”26.

32. Kawamoto M, Tamaki N, Yonekura Y, et al. Combined study with 1-123 fatty acid and
thallium-201 to assess isehemic myocardium: comparison with thallium redistribution
and glucose metabolism. Ann Nuci Med 1994;8:47â€”54.

33. Ito T, Tanouchi J, Kato J, et al. Recovery of impaired left ventricular function in
patients with acute myocardial infarction is predicted by the discordance in defect size
on â€˜231-BMIPPand 201TI SPECT images. Eur J NucI Med 1996;23:917â€”923.

123Imyocardialimagingwithoutan increaseincostorradiationdose
to patients.
Key Words: iodine-123 myocardial tracer@first-pass radionuclide
angiography;ejection fraction

J NuciMed199@39938-944

N oninvasiveassessmentof left ventricular(LV) andright
ventricular (RV) performance is one of the main goals of
nuclear cardiology. Continuous efforts have been made toward
this objective, and the several approaches that have been
reported include planar equilibrium radionuclide angiography
(ERNA) (1â€”3),first-pass radionuclide angiography (FPRNA)
(4â€”6),gated blood-pool SPECT (7â€”9)and gated perfusion
SPECT (10â€”12).Although there were attempts to use l9SmAu
(13) and l9lmlr (14) in FPRNA, 99mTc agents are now exclu
sively used in all of these approaches to evaluate ventricular
function.

The clinical and investigational usefulness of 1231-labeled
radiotracers such as 15-(p-iodophenyl)-3-(R,S)-methylpentade
canoic acid (BMIPP) (15,16) and metaiodobenzylguanidine
(MIBG) (17,18) has now been widely recognized. Mainly
because of the longer physical half-life of 123! ( 13.3 hr)
compared to 99mTc 1231tracers are injected at limited dose
(1 11â€”148MBq), which is disadvantageous for FPRNA. How
ever, we hypothesized that FPRNA using 123! tracers may be
feasible if the images are acquired with a multicrystal camera
that has higher counting capabilities than the usual single

The purposeof this study was to validatethe accuracyof the
assessment of ventricular function by first-pass radionuclide an
giography (FPRNA)with 1231myocardial tracers and a multicrystal
gammacamera.MethOdS.@Leftventricularejectionfrac@on(LVEF)
and right ventricular ejection fraction were measured in 69 patients
by FPRNAusing1231myocardialtracerS(126Â±7 MBq)and @@â€˜r@Tc
tracers (541 Â±141 MBc@)on a muFticrystalgamma camera wfth a
high-sensitivitycollimator. For 44 patients, ejection fraction values
measuredby 123l-FPRNAwerecomparedto thoseestimatedby
equilibrium radionuclide angiography (ERNA). Visual wall-motion
analysis was also performed to judge clinical acceptability of 123I
FPRNAimages for identificationof wall-motionabnormality. Re
suIts: Mean LVEFs(%) estimated by 123l-FPRNAand by @â€˜Tc
FPRNA were 49.6 Â± 13.6 and 49.1 Â± 14.1, respectively
(nonsignificantpvalue).Anexcellentcorrelationwasfoundbetween
LVEFsestimated by 123I-FPRNAand @1c-FPRNA(r= 0.96, s.e.e.
= 1 .9%). Values of LVEF measured by 123I-FPRNA also demon

strated excellent correlation with those measured by ERNA (r =
0.95, se.e. = 2.2%). A good correlationwas alsonotedbetween
right ventricularejectionfractionsmeasuredby 123l-FPRNAand

@â€˜Tc-FPRNA(r = 0.72, s.e.e. = 4.0%). The Spearmanrank
correlation coefficient between 123l-FPRNA and ERNA wail-motion
scores was 0.87 (n = 135, p < 0.001). Conclusion: Resting
ventricular function can be reliably measured with 123I-FPRNAin
combination with a multicrystal gamma camera. This indicates that
theassessmentofventricularfunctionisfeasibleinconjunctionwith
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CharacteristicValueAge

(yr)63.2 Â±10.6(32@@82)*Sex
(male-to-femaleratio)44:28Weight(kg)58.8Â±11.1Height

(cm)160.0 Â±10.0Heart
rate(bpm)74.4 Â±14.5(44@101)*Clinical

dsagnosss(no.ofpatients)Coronary
arterydisease59Adriamycin

cardiomyopathy5Diabetes
mellitus5Chronic

heartfallure3*Num@s

in parenthesesrepresentranges.

TABLE I
CIink@alCharaCteriSticS of 72 PatientS

a low-energy, general-purpose collimator (Optima; General Elec
tic Medical Systems, Milwaukee, WI). To attain the best ventric
ular separation, we used SPECT images obtained in advance as a
reference. The LAO study from which LVEF was determined
contained a total of at least 5 million counts. Images were recorded
in frame mode (20 frames/cycle).

RadionucI@e AngiOgraphy Malysis
FPRNA data were stored in a Macintosh computer and pro

cessed with commercially available software as described previ
ously (23â€”26).In brief, raw data were temporally smoothed and
corrected for detector nonuniformity and deadtime. After assign
ment of a region of interest (ROI) over the left ventricle, a
histogram of serial counts as a function of time was created to
identify the end-diastolic and end-systolic frames. Only cycles
with > 70% of the maximal end-diastolic activity in the end
diastolic frame were included in the analysis (20,27). The same
ROI as the end-diastolic LV ROl was applied to the lung images
just before the LV phase and used for measurement of the
background activity for LV analysis. A background-corrected
representative LV cycle was generated from accepted heartbeats
within the LV phase. Data processing for the RV was almost the
same as that for the LV, except that the background was not
subtracted for the RV. Valvular planes at the inflow or outflow
tract of the ventricle were determined with the help of phase
images. A single end-diastolic ROI was used to calculate the
RVEF. LVEF and RVEF were calculated with a count-based ratio
method (28,29).

In ERNA studies, LVEF was calculated on the LAO images.
LVEF was calculated with standard, commercially available, semi
automated software. LVEF was calculated by the standardcounting
rate-based, background-corrected formula.

LVEF calculations in different methods were conducted by
separate observers without knowledge of other radionuclide or
clinical data. RVEF was measured only from â€˜231-FPRNAand

@Tc-FPRNAimages because ERNA is not considered a reference
standard for calculation of RVEF (30â€”32).

Wall-Motion Evaluation
Regional wall motion was visually analyzed on a dynamic

continuous display by two observers who had no knowledge of
other patient data, and visual interpretation was determined by
consensus. The anterior view of the LV in FPRNA and ERNA
images was subdivided into three segments (anterior, apical and
inferior wall). A four-point scoring scale was used: 3 = normal;
2 = mild hypokinesia; 1 = severe hypokinesia; and 0 = akinesia
or dyskinesis (23).

StatisticalAna@
Data are expressed as mean Â±s.d. The statistical significance of

difference in mean values between paired data were analyzed with
the paired Student's t-test. Linear regression analysis was used to
compare ejection fraction values obtained by the different methods.
Systemic error and the degree of agreement were assessed accord
ing to the method of Bland and Altman (33,34). Evaluation of
agreement between wall-motion scores was performed using
Spearman's rank correlation and chi-square analysis of contin
gency tables in which scores were paired for each territory. A p
value of <0.05 was considered to indicate statistical significance.

RESULTS
Time-activity curves of the RV and LV in 123I-FPRNA of a

representative case are shown in Figure 1. The end-diastolic and
end-systolic phases could be clearly identified.

The mean FWHM values ofthe time-activity curve generated
using a superior vena cava ROI in 123I-FPRNA and 99mTc@

crystal gamma camera. Therefore, this study was designed to
evaluate the feasibility of the use of 123! tracers in FPRNA
acquired with a multicrystal gamma camera in comparison with
99mTcFp@}4A and ERNA to evaluate ventricular performance.

MATERIALS AND METHODS
This study group consisted of 72 patients who consecutively

underwent both 123!myocardial scintigraphy and 99mTc.FpJ@}@A
for clinical indications. The patient profile is shown in Table 1.

Resting FPRNA with 1231tracers (126 Â±7 MBq), including
BMIPP (n = 54) and MIBG (n = 18), was conducted before 1231
scintigraphy. Informed consent was obtained from each subject
before FPRNA. Within a week, every subject also underwent
FPRNA using 9@Tc tracers (541 Â±141 MBQJ,including 99mTc@
human serum albumin (HSA) (n = 46), sestamibi (n 3),
tetrofosmin (n = 3) and free pertechnetate (n = 20), which served
as a standard method for the evaluation of ventricular performance
in this study. ERNA, if conducted, served as another standard
method. Ofthese 72 combined studies, three studies were excluded
because of severe arrhythmia during FPRNA (n = 2) and poor
patient positioning (n = 1). Ultimately, 69 combined â€˜231-FPRNA/
99mTcFp@}4Astudies and 44 combined 1231-FPRNA/ERNAstud
ies were analyzed.

FPRNA was acquired in an anterior view (19,20) with a
multicrystal gamma camera (model SIM-400; Scinticor, Milwau
kee, WI; maximum counting rate = 1000 kcps with 20% loss at
780 kcps) (21), equipped with a high-sensitivity, parallel-hole
collimator interfaced with a microcomputer (Macintosh Quadra
950, Apple, Inc.). The matrix size was 20 X 20 pixels, with
center-to-center pixel spacing of 10 mm. Data were collected with
intervals of 50 msec (22). A 30% window was centered on the
140-keV photon peak for 9@Tc studies and on the l59-keV peak
for 1231studies. An 18- or 20-gauge indwelling polytetrafluoro
ethylene catheter was placed into the antecubital vein of the right
arm and connected to a saline-filled large-bore tubing ending with
a three-way stopcock. Iodine- 123 myocardial tracer was slowly
injected into the tubing through the lateral opening ofthe stopcock,
preceded and followed by a small air bubble. Bolus injection was
then performed with a steady and firm injection of2O ml of normal
saline through the straight opening of the stopcock. The total
acquisition time was approximately 30 sec for each first-pass study.
Within a week ofthis FPRNA study, during which time the patients
were in stable condition, another FPRNA study was performed
using 99mTctracer in a similar fashion.

Equilibrium radionuclide angiography was also performed when
99mTcHSA was used in FPRNA studies. Approximately 5 mm
after the end of FPRNA using 9@'Tc-HSA, ERNA images were
acquired in the â€œbestseptalâ€•left anterior oblique (LAO) and
anterior views using a single-crystal gamma camera equipped with
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were also linearly well correlated with each other (r = 0.95,
s.e.e. = 2.2%) (Fig. 3A). Blandâ€”Altman analysis revealed no
significant degree of systematic measurement bias (Figs. 2B
and 3B).

Right Ventricular Ejection Fraction
The mean RVEF values (%) estimated by 123I-FPRNA and

99mTcFpRNA were 41.7 Â±8.2 and 41.2 Â±7.8, respectively
(nonsignificant p value). Values of RVEF by these two methods
were linearly correlated with each other (r = 0.72, s.e.e. =
4.0%) (Fig. 4A). Blandâ€”Altman analysis disclosed no signifi
cant directional change in this numeric bias with the RVEF
values (Fig. 4B).

Left Ventricular Reqional Wall Motion
An example of 1 31..FPRNA ventriculograms is shown in

Figure 5. The number of segments rated at each visual wall
motion score for 1231-FPRNA and 99mTc@FPRNA images is

LV phase

[

z

0 100 300 400

Frame Number

FIGURE1. Typk@altime-actMtycurvesof RV (A@and LV (B) ROlsin
â€˜23IFPR@Dottedlines= end-systolicframe;solidlines= end-diastolic
frame.

FPRNA were 797 Â±247 msec and 787 Â±216 msec, respec
tively (nonsignificant p value).

A bolus of 1231myocardial tracers result in an average whole
field-of-view counting rate of 174,20 1 Â± 18,644 Hz (range
144,000â€”215,000 Hz) during the RV phase and 130,102 Â±
15,005 Hz (range 96,000â€”16 1,000 Hz) during the LV phase.
The mean background-corrected end-diastolic counts in the LV
representative cycle in 1231-FPRNA and 99mTc..Fp@A studies
were 4,958 Â±1,825 (range 2,730â€”12,523) and 20,849 Â±8,260
(range 7,672â€”39,168),respectively (p < 0.001).

Left Ventricular Ejection Fraction
The mean LVEF values (%) estimated by 123I-FPRNA and

99mTcFp@4A were 49.6 Â±13.6 and 49. 1 Â±14.1, respectively
(nonsignificant p value). Values of LVEF by these two methods
were linearly well correlated with each other (r = 0.96, s.e.e. =
1.9%) (Fig. 2A). Those estimated by â€˜23I-FPRNAand ERNA
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degree ofcorrelation was found between the wall-motion scores
of â€˜23I-FPRNAand those of 99mTCFpRNA or ERNA. These
results indicate that â€˜231-FPRNAacquired with a multicrystal
gamma camera is a reliable new approach of evaluating
ventricular performance.

Count Statistics
Nichols et al. (35) suggested that LVEF estimation is ham

pered by the difficulty in the delineation of end-diastolic and
end-systolic regions with too few counts. In this study, how
ever, we did not encounter any difficulty in determining the
end-diastolic and end-systolic regions. In fact, the mean back
ground-corrected LV end-diastolic count was 4958 Â± 1825
(range 2730â€”12,523) in â€˜231-FPRNA,which is well above the
value (2000) recommended by Wackers et al. (36). Port (37)
suggested that count requirements for high-quality first-pass
data exceed 200,000 Hz. Our data were less than this value.
However, the average counting rate of 174,201 Hz in our study

FiGURE3@Scatterpk@ts@ and B@nd-Aftmanpbts (B)we shown for LVEF
obtained @th1@l-FPRNAand ERNA â€¢= MIBG;0 = BMIPP.

shown in Table 2. For these data, the chi-square was 436.3 for
9 degrees of freedom (j' < 0.001). Two-hundred-seven seg
ments were judged, for which the Spearman rank correlation
test yielded r5 = 0.93 (p < 0.001). The contingency table of
visual wall-motion scores of â€˜231-FPRNAagainst those of
ERNA is presented in Table 3. The chi-square was 194.7 for 9
degrees of freedom (j < 0.001). A Spearman rank correlation
between â€˜231-FPRNAand ERNA wall-motion scores gave a
coefficient of 0.87 (n = 135, p < 0.001).

DISCUSSION
These data demonstrated that the resting LVEF values

estimated by 1231-FPRNA correlate well with those obtained
with established standard methods, including @Tc-FPRNA
and ERNA. A Lood correlation was also noted between RVEF
measured by @3I-FPRNAand 99mTc@FPRNA,although the
correlation was not as high as that in LVEF estimates. A high
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TABLE 3
ContingencyTable of Iodine-123First-PassVisualWall-Motion

Scores Against Equilibrium Visual Wall-Motion Scores
A

41

B1

because simultaneous assessment of perfusion and function is
feasible with a single injection of radiotracer in the latter
approaches (39,40). This study is unique in two ways. First, we
used 1231tracers in FPRNA. Second, we also used tracers other
than perfusion or blood-pool agents to assess ventricular per
formance.

Availability of the Mutticrystal Gamma Camera and Iodine
123 MyOCardiaITracers

Because the clinical application of a multicrystal gamma
camera is mainly limited to FPRNA using @Tctracers, it is
unavailable in many institutions. There have been attempts to
perform FPRNA using a single-crystal gamma camera (19,35).
They use an ultra-high-sensitivity collimator that is different
from the high-resolution collimator typically used for gated
9@Tc perfusion SPECT studies. Therefore, it requires changing
collimators between the functional and perfusion studies, which
is troublesome and impractical in clinical settings. Accordingly,
a multicrystal gamma camera is best suited for 9@Tc-FPRNA,
especially in an exercise study, and its availability is increasing
(23â€”28,31).Reportedly, a multicrystal gamma camera can be
also used for upright SPECT when it is coupled to a rotating
chair (39).

The availability of 123! myocardial tracers is also limited
especially in the U.S. The cost of 123!studies compared to other
radionuclides such as 9@Tc-sestamibi and thallium may be a
problem. However, a clinical trial of 1231-phenylpentadecanoic
acid (IPPA) was recently performed in the U.S., and its utility
was reported (41). Thus, 123J myocardial tracers, including
MIBG, BMIPP and IPPA, may become more available through
out the world.

This study shows the feasibility of the use of 1231tracers in
FPRNA to assess ventricular performance, which will likely
expand the clinical applicability of the multicrystal gamma
camera as well as 1231myocardial tracers.

Clinical Implications
The value ofBMIPP and MIBG scintigraphy has been widely

recognized. Assessment of myocardial viability in combination
with flow tracers such as thallium is reported to be feasible in
ischemic coronary artery disease (15, 16,42), and its prognostic
values were also reported (43). Additionally, clinical and
investigational usefulness of BMIPP is also shown in patients
with hypertrophic cardiomyopathy (44,45). Similarly, MIBG
has been reported to have prognostic potential in patients with
congestive heart failure (1 7,18). Its utility has also been
suggested in patients with diabetes mellitus (46). Thus, 123!
myocardial tracers have been recognized to provide important
sympathetic or metabolic information other than myocardial
perfusion. Such information is necessary for the elucidation of
myocardial pathophysiology in various cardiac diseases and the
clinical evaluation of prognosis.

On the other hand, thallium is still widely used as a
myocardial perfusion agent, mainly because of its long history
and its well-established utility in evaluating myocardial viabil

FIGURE5. TypicalLV end-d@stolic@ andend-systolic(B)phasesof
representativecycles obtained from 1@l-FPRNAstUd@Sin a patient with
inferiorinfarction.Severehypoldne@sintheinfenorwallcanbe @entffiedby
1@l-FPRNk

is still above the value obtained with a high-counting rate
single-crystal gamma camera and approximately 25 mCi of
99mTcagents (28,38). These indicate that the count statistics are
satisfactory even when 1231tracers are used in FPRNA. More
over, the high correlation found between the wall-motion scores
of â€˜23I-FPRNAand @â€˜@Tc-FPRNAor ERNA shows that the
image quality is adequate for visual assessment ofregional wall
motion (Fig. 5).

Right Ventricular Ejection Fraction Measurements
The correlation ofRVEF estimates between â€˜231-FPRNAand

99mTcFpRNA (r = 0.72) was not as high as that of LVEF
estimates. The reason is unclear. The RV phase of the initial
transit of the radionuclide tracer is shorter than the LV phase.
Accepted beats for the RV phase were fewer than those for the
LV phase (Fig. 1), which may have caused an error. In addition,
atrial overlap also causes errors. To separate the right ventricle
and atrium, the right anterior oblique (RAO) view is usually
used in FPRNA. In this study, however, we performed FPRNA
in the anterior view because we thought that the RAO view
would result in poor count statistics if low-activity doses@ 231
tracers were used. Our results indicated that the count statistics
were adequate even when a small dose of 123!tracers (126 Â±7
MBq) was used. Therefore, FPRNA in the RAO view might
improve the correlation coefficient for the assessment of RV
performance.

Comparison with Other RadiOnUcIlde Techniques to
Evaluate Left Ventricular Performance

Of the several techniques of evaluating ventricular perfor
mance using nuclear cardiovascular methods cited above (1â€”
12), each has distinctive advantages and disadvantages. Re
cently, ERNA using blood-pool agents has been replaced by
FPRNA or gated perfusion SPECT using 99mTCperfusion tracer

TABLE 2
ContingencyTable of lodine-123 First-PassVisualWall-Motion
Scores Against Technetium-99m First-PassVisualWall-Motion

Scores
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ity (47). The present results indicate that the assessment of
ventricular performance using I231-FPRNA is feasible even
though 99mTc agents are not used as the perfusion tracer.
Moreover, in certain myocardial diseases (1 7,18,45,46), the
evaluation of cardiac sympathetic function or free fatty acid
utilization is more important than the assessment of myocardial
perfusion. Even in this context, the assessment of resting
ventricular performance is feasible as a secondary objective of
123! myocardial scintigraphy. This would obviate the use of

@â€˜@â€˜Tctracers to assess ventricular performance, leading to
simplification of cardiovascular nuclear studies and also con
tributing to the reduction of the radiation doses to patients.
Moreover, this approach would provide an increased amount of
clinically valuable information with minimal or no increase in
cost, which is important in the current cost-conscious environ
ment. We believe that such additional information in combina
tion with the data obtained with 123Jmyocardial scintigraphy
would greatly facilitate decisions in patient management.

Study Umftations
The physical constitution of the average Japanese person is

smaller than that of the average Western person (Table 1).
Therefore, further studies, including those with larger subjects,
are warranted to validate the use of 123!myocardial tracers for
FPRNA. However, the limited dose of 123!tracers used in the
current study would not cause a substantial error in the
evaluation of ventricular performance because all data were
acquired during the initial transit of a radionuclide bolus
through the central circulation before the tracer was distributed
throughout the whole body. Moreover, the use of 123! is
advantageous in terms of tissue attenuation because it has a
high-energy peak (159 keY). Even in obese patients or in
women with large breasts, cardiac ventricular performance can
be reliably assessed without a significant increase of the
injected dose.

CONCLUSION
The current study demonstrated that restin@ global and

regional cardiac function can be assessed with I 31-FPRNA in
conjunction with a multicrystal gamma camera. Thus, ventric
ular performance can be assessed with 123!myocardial scintig
raphy with only a single injection of radiotracer. This may lead
to comprehensive assessment of various cardiac diseases. We
believe that the addition of FPRNA before 1231myocardial
scintigraphy has the potential to augment diagnostic and prog
nostic accuracy, without an increase in cost or radiation dose to
patients.
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periods of ischemia, augmenting endogenous levels of adeno
sine also may be protective by attenuating the degree of
stunning (4â€”7).Although the mechanism of this observation is
complex, one possibility is that adenosine receptor stimulation
could alter metabolism favorably, either during ischemia by
decreasing oxygen demands (8) or after reperfusion, by increas
ing glucose uptake (9). Enhanced glucose uptake during early
reperfusion may be protective by maintaining calcium ho
meostasis (10) and this in turn may be modulated by adenosine
(9, 11â€”13).Accordingly, the aim of this study was to determine
whether 8-phenyltheophylline (8-PT), a nonselective adenosine
receptor blocker, enhances the degree of stunning while de
creasing glucose uptake postreperfusion. Anesthetized swine
were used for these studies and myocardial *lucose uptake was
measured by PET and the glucose analog@ F-fluorodeoxyglu
cose (FDG).

MATERIALS AND METhODS
This study was performed under the guidance of the Animal

Care Committee at the VA Medical Center, Minneapolis, MN and
conforms with U.S. National Institutes of Health Publication No.
85-23 (14).

Animal Preparation
Fasted swine of either sex (30â€”38kg) were sedated with

ketamine (20 mg/kg; intramuscular) and pentobarbitone (10 mg/kg;
intravenous) infused into an ear vein. They were intubated,
connected to a respirator and ventilated with oxygen-enriched air to
maintain normal arterial pH (7.35â€”7.45),pCO2 (35â€”45mm Hg)
and PÂ°2(>100 mm Hg). The left externaljugular vein and internal
carotid artery were exposed and cannulated with 7F catheters.
Anesthesia was initiated with a bolus of alpha chloralose (150
mg/kg; intravenous) supplemented with an infusion of sodium
pentobarbitone(5 mg/kg/hr). The right femoral arterywas exposed
and cannulated with a 7F catheter and used for blood sampling and
blood pressure measurement.

After administrationof succinyl choline (0.25 mg; intravenous),
a midline sternotomy was performed and the heart was suspended

The aim of this study was to determinewhetheradenosinereceptor
blockadebeforeischemiawouldenhancethedegreeof stunning
and inducea sustaineddecreasein glucoseuptakeafterreperfu
sion.Methods Stunningwasinducedin 14anesthetizedswineby
partially occluding the left anterior descending artery (LAD)for 20
mm(> 80% flow reduction).Sevenanimalswere pretreatedwfth the
nons@1c adenosinereceptor blocker 8-phenyltheophylline(8-PT;
5 mg/kg),whichdecreasedreactivehyperemiaby an averageof
38%.Myocardialglucoseuptakewasassessed1 hrfollowing
reperfualonwith PETandthe glucoseanalog18F-fluorodeoxyglu
cose (FDG).Results:Beforeischemia.systolicshorteningin the
LADreg@n was 15% Â±6% in the control group and 16% Â±4% in
the 8-PT group and in both groups was reduced to â€”1% Â±2%
duringischemia@Afterreperfusion,systolicshorteningwas7% Â±
3% in the control group and 2% Â±3% in the 8-PT group (p < 0.05).
Myocardialoxygenconsumptionbeforeischemiawas4.58Â±3.03

@moI/mirVgin the control group and 4.44 Â±1.83 tmol/mirilg in the
8-PTgroup(ns)and n@therweredifferentafterreperfualon.Inthe
postischemic LAD region, myocard@ glucose uptake was 0.18 Â±
0.15 @i.moVmin/gin the control group and was similarto that of the
8-PT group (0.17Â±0.08 @tmoVmirVg;ns).Conclusion: The nonspe
cific adenosine blocker 8-PT enhanced the degree of stunning when
given before ischemia but did not induce a sustained effect on
myocardialglucose uptake after reperfusion.
Key Words PET;fluonne-18-fluorodexoyglucose;stunning;aden
osine; glucose; metabolism; reperfusion injury
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Exogenousadenosineprotectsthemyocardiumfromischemic
injury. When administered before prolonged periods of isch
emia, it prevents necrosis by initiating a preconditioning cas
cade through the A1 receptor (1 ). When administered during
early reperfusion, it restores perfusion and prevents â€œno-re
flow,â€•potentially through the A2 receptor (2,3). During brief
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