
valuation ofcerebral perfusion using single photon
emissioncomputedtomography(SPECT)is evolving
into a useful diagnostic technique in patients with a
varietyofdisorders affecting the central nervous system
(1). A number of neutral, lipophilic radiotracers have
been developed. These complexes cross intact blood
brain barrier (BBB) and are trapped within the brain
parenchyma. While the radioiodinated mono- and dia

Receivediune 13, l988;revisionacceptedJan. 18, 1989.
For reprints contact: Shankar Vallabhajosula, PhD, Andre

Meyer Departmentof Physics-NuclearMedicine, The Mount
Sinai Medical Center, One Gustave L. Levy Place, New York,
New York 10029.

mines, iodine-l23 N-isopropyl p-iodoamphetamine
([â€˜23I]IMP)and 1231N,N,N'-trimethyl-N'-[2-hydroxyl
3-methyl-5-iodobenzyl]- 1,3 propanediamine (HIPDM)
were the first to be evaluated (2), a technetium-99m
(99mTc)tracerwould be more convenient and desirable.

Two types ofligands, propyleneamine oxime (PnAO)
and diamine dithiol (DADT) or bis-aminoethane thiol
(BAT) have been shown to form neutral 99mTccom
plexes. Volkert et al. (3), in 1984, described [99mTc]
PnAO as a tracerfor regionalcerebralblood flow mess
urement (rCBF). The washout rate of this agent, how
ever, was too rapid for SPECT imaging. Subsequently,
various analogs of PnAO were evaluated. Among these,
99mTc..dl-HM-PAO (4) has the most favorable prop
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Lipophihicneutral @Tccomplexesofdiaminedithiol(DADT)higandscrossthebrain-blood
bamer.A new derivativeof DADT family, @mTcethylcysteinatedimer(ECD) showedhigh
brainuptakein nonhumanprimates.Wereportherethe in vivokineticsandbiodistribution
resultsin16 normalhumansubjects.Dynamicimagesof brainobtainedfor10 mmfollowing
ani.v.administrationof [@â€˜Tc]ECDshowedthatthemaximum@â€œTcbrainactivityreached
within1 mmand remainednear that levelfor the next 10 mm.The blooddearanceof the
tracerwasveryrapidandthe activityremainingin bloodafter5 mmwas<10%. Within2 hr
50%of @â€œTcactivitywas excreted in urine.Anteriorand posteriortotal-bodyimages were
obtainedat 5, 30, 60 mm,2, 4, 24, and48 hrusinga movingtableat 20 cm/mm.Percent
injecteddosewas calculatedfor differentorgansandtissues.Thebrainuptakewas6.5 Â±
1.9% at 5 mm postinjection and remained relativelyconstant over several hours. Two
compartmentanalysisofbraintime-activitycurveshowedthat40%of brainactivitywashed
out fasterÃ§r112= 1.3 hr)whilethe remaining60% had a slowerclearancerate (T@ = 42.3 hr).
Someof the tracerwas excretedthroughthe hepatobihiarysystem.Lunguptakeand
retentionof [@â€œTc]ECDwasnegligible.Radiationdosimetryisfavorablefortheadministration
of up to 20â€”40mCi of [@â€œTc]ECD.These resultsshowthat [@â€œTc]ECDis rapidlyextracted
andretainedbythebrainprovidingfavorableconditionsforsinglephotonemissioncomputed
tomographyimaging.
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field gamma camera (Omegaâ€”500Technicare, Solon, OH)
anda GAPparallelholecollimator.Inorderto relateimages
to eachother,all imagingwasperformedat a uniformpre-set
speed of 20 cm/mm. A matrix size of 256 x 256 was used to
recordall informationin digitalformat.Anteriorand posterior
total-bodyimagesstartingat 5 mm postinjectionwereac
quired.Subsequently,similarimagingstudieswereperformed
at 0.5, 1, 2, 4, 24, and 48 hr.

The total-bodycountsin the anteriorand posteriorviews
for each time point were calculatedby takinga regionof
interest (ROl) encompassing the entire body. Specific ROIs
weredrawnforbrain,thyroid,heart,lungs,liver,kidney,gall
bladder,urinarybladder,and legs (both legs included).For
theorgansthatoverlapped,a differenttechniquewasusedto
calculate the uncontaminated counts. In addition to the ROl
of the entireorgan,a smallROIwasdrawnin an areaof the
organ uncontaminated by an overlappingorgan. The counts!
pixelin thissmallregionweretakenas representativeof the
entire organ and the total organ counts were then extrapolated
based on the relative sizes of the two regions. This technique
was used for liver,lung,kidney,and gallbladder.Whenthe
size of an organ was once defined by an ROl (number of

pixels= A), it wasthenusedon all the imagesat eachof the
time points and projections.The ROl for the colon was drawn
onlyfortheimagesacquiredat4 and24 hr.To determinethe
background,ROl was drawnin proximityto the organof
interestand averagecounts/pixel in the background(B)were
calculated. The net counts in an organ are obtained by sub
tractingthe backgroundcounts (A X B).For total body,brain
and legs, an area along the body contourwas chosen as
background. The net counts in ROIs for different organs in
both anterior and posterior viewswere calculated for each
acquisition. The geometric mean of counts in an ROl at
differenttimes postinjectionwerecalculatedand normalized
to the beginningof the firststudy(5 mm postinjection).The
percentinjecteddoseineachorganwascalculatedbydividing
thedecaycorrectedgeometricmeanoforganorcorresponding
ROl countsby the geometricmeanof total-bodycountsat
5 mmpostinjection.

In orderto studythe initialkineticsof [99mTc]ECDbrain
uptake,serialdynamicimages(5 sec/frame)ofthe head in an
anteriorpositionwereobtainedin one of thesubjectsforthe
first 10mm afterthe i.v. injectionof[@mTc1ECD.The images
wererecordedin a 64 x 64 matrixandstoredin an imaging
computer(Microdelta,CDA).WholebrainROIwasselected
to generatethe time-activity curve.

RESULTS

The labeling efficiency of [99mTc]ECDkit was con
sistently very high (96 Â±2%). The average amount of
99mTcactivity injected in the 16 normal subjects was
9.6 Â±0.8 mCi. Each subjectwas injected within 30 mm
after tracer preparation.

Figure lB shows the time-activity curve of [99mTc]
ECD in the brain of the normal human subject in
whom the initial 10 mm dynamic study was performed.
Technetium-99m activity in the brain reached a maxi
mum at 1 mm after the injection and remained near
that level for the next 10 mm. Anteriorand right lateral

cities for brain SPECT imaging, and was recently ap
proved for cinical use in the United States.

Kung et al. (5), in 1984, synthesized three derivatives
of the BAT ring. The 99mTccomplexes of these ligands
had a significant brain uptake but were not retained.
Lever et al. (6), in 1985, developed a new analog of the
DADT group called @mTc@N@piperidinylethyl@DADT
that showed rapid uptake and prolonged retention in
the brain of primates. Recently, Cheesman et al. (7)
developed a number of 99mTccomplexes of ester deriv
atized DADT ligands. Of these compounds. @mTc
N,N'-l,2-ethylenediylbis-L-cysteine diethyl ester (ECD)
showed excellent uptake and retention characteristics
for SPECT imaging in primates (8) and therefore, was
chosen for clinical evaluation. We report the initial
biodistnbution and kinetic studies of [99mTc]ECDin
normal human subjects (9).

MATERIAlS AND METhODS

Radlopkarmaceutical
Thekitforthepreparationof[@mTc]ECDwassuppliedby

Dupont Inc. ECD was labeled with 25 mCi of[@mTc]pertech
netate. The labelingefficiencywas tested by thin layer chro
matographyusingWhatmanRP-Cl8 glassplatesand eluted
with a solvent system containing 60% acetone and 40% am
monium acetate(0.5M, pH 4.0). The radioactivityon the
plateswasquantitated by gamma camera imaging.

HumanSubjects
Thestudypopulationconsistedof 16 normalhumansub

jects (13 male, 22-49 yr ofage and three females,22â€”54yr of
age; overall mean 31.1 Â±9.4 yr) with no medical history of
cerebral vascular disease, mental disorder, CNS disorders,
hypertension,endocrineor cardiacdisease.The subjectswere
asked not to take any medication 72 hr priorto the study and
to fast for 4 hr prior to the study. Written informed consent
approved by our institutional IRB was obtained from each
volunteer.

Phariuacoki.etic Studies
Each subjectwas injectedwith 10 mCi of [@mTc]ECD

intravenouslyfollowedbya 10-misalineflush.Bloodsamples
werecollectedat 1,2, 3, 4, 5, 10, 15,30, 60 mm, 4 and 24 hr
fromthe contralateralarm.Afterthe injectionof tracer,the
subjectswereaskedto collecturine in four separatecontainers
between0â€”2,2-4, 4-6, and 6-24 hr and feceswere individ
ually collectedfor 48 hr. Radioactivityin whole blood and
urine samples was counted along with an aliquot of the
standard(the radiotracerwas appropriatelydiluted) in a well
counter. The activity in feces and an appropriatestandardwas
counted using a gamma camera without a collimator. The
percent @â€œTcactivityin the totalbloodwascalculatedusing
the normalbloodvolumethatwasestimatedbasedon height
and weight (10). The @mTcactivity in urine and feces was
also expressedas a percentageof total injected radioactivity.

Imagiag Protocol and Biothstribution Studies
Toassessdynamicchangesin thebiodistributionof[@mTc]

ECD, serialwhole-bodyimageswereobtainedwith a large
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planar static images (Fig. 2) taken 1.5 hr postinjection
clearly show intense uptake of[@mTc]ECD in the brain.

Blood clearance of[99mTc]ECD is shown in Figure 3.
The initial activity in blood at 1 mm was 19 Â±22%
that quickly decreasedto â€˜@-l0%by 5 mm and remained
relatively constant for the next 10 mm. The amount of
activity in the blood at 4 hr was 1.0 Â±0.4% of the
injected activity.

The amount of 99mTcactivity excreted in the urine
(Table 1) within the first 2 hr was 50 Â±13%.Over the
next 4 hr, an additional 19% of 99mTcactivity was
excreted in the urine. Total amount of 99mTcactivity
excreted in urine within a 24-hr period was 74%.

The whole-body images of [@mTcJECDin vivo dis
tribution at various times (5 mm, 1, 2, and 4 hr)
postinjection are shown in Figure 4. The quantitative

FIGURE 2
Staticplanarimagesof [@â€˜Tc]ECDbrainactivity1.5 hr
after the injectionof the tracer. (A) anteriorand (B) right
lateral.
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FIGURE 1
The kineticsof [@â€œTc]ECDin normalbrain.Serialdynamicimageswere obtainedfor 10 mm(5 sec/frame).The ROl
was created to includethe whole brain(A), and the time-activitycurve (B) shows the brain uptake and retentionof
99mTc activity.

data describing the kinetics of organ uptake and clear
ance are summarized in Table 2. The brain uptake of
[99mTc]ECDat 5 mm was 6.5 Â±1.9%which decreased
to 5.2 Â±1.3%by 1 hr. Over the next 3 hr, only 27% of
99mTcactivity washed out of the brain.

Lung uptake and retention of [99mTc]ECDwas neg
ligible. The initial uptake was 4.7 Â±2.8% at 5 mm
which dropped to <1 %by 2 hr. At 5 mm, the amount
of 99mTcactivity in legs was 8.5 Â±4. 1% which dropped
to 1.3 Â±0.6% by 4 hr. Technetium-99m-ECD was
excretedprimarilyby the kidneys. The total-body activ
ity at 4 hr was 28% of the initial 5 mm activity. This

FIGURE 3
Clearanceof [@â€˜Tc]ECDfromblood.The @â€˜Tcactivityin
the wholeblood(totalvolume)wasexpressedas a per
centageof total injectedactivity.
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TABLE1Percent
Technetium-99mActivityinUrineCollectedandRetained

in BodyFollowingIntravenousAdministration
of[@â€œTcJECDTime

Urine TimeUrine(hr)
collected (hr) retained

. Since the total-body feces collection was 1 1 .2 Â± 6.2%, the

activity retainedin the urineat time zero was assumedto be
88.8%.

1. Instantaneous uptake in brain, liver, lungs, and
kidney. Clearance was calculated based on biexponen
tial decay of activity from these organs (Table 3). The
gallbladder retention data showed a high degree of
variability from patient to patient. Consequently, two
compartment fits were performed for each patient and
the average residence time of 0. 16 hr was used in
dosimetry calculations.

2. Since 11.2% of99mTcactivity was excreted through
feces, it is assumed that 88.8% ofactivity will eventually
be clearedfrom the body in urine. Basedon the amount
of activity excreted in the urine within 24 hr (Table 1),
the amount of urine activity retained in the body as a
function of time (Table 1)was then derived.This data
was fitted to a biexponential curve and the kinetics of
urinary clearance were calculated (Table 3).

3. The 11.2% activity cleared through the feces was
assumed to enter the small intestine from the gailbiad
der. Subsequent clearance was modeled according to
the GI model given in ICRP 30(12).

4. The dose to urinary bladder was calculated using
the dynamic bladder model ofCloutier et al. (13).

5. Activity in the remainder of the body was treated
according to the method ofCloutier et al. (13).

Radiation dose estimates for the different target or
gans (Table 4) were calculated for 2 hr and 4.8 hr
voiding intervals.

The neutral lipophilic [@mTc]ECDcomplex was rap
idly taken up by the human brain and the maximum
peak activity reached within 1 mm after administration.
The brain uptake at 5 mm was 6.5% of the injected
dose. The clearance of 99mTcactivity from brain fol
lowed a biexponential decay mode. Fortypercent of the
brain activity washed out with a half-life of 1.3 hr while
the remaining 60% of brain activity (3.8% of injected
dose) had a slower washout rate with a half-life of
42.3 hr. These results are very much in agreement with
the initial studies in nonhuman primates(8). Walovitch
et al. (14) reported that the retention of [99mTc]ECD
activity in the brain was related to in vivo metabolism.
Based on in vitro incubation studies of [@mTc]ECD
with monkey brain cortex, they observed that [@mTc]
ECD was metabolized rapidly in the brain by a specific
enzymatic pathway to a polar complex that is trapped.

Following i.v. administration, the blood clearance of
[99mTc]ECD was very rapid and 10% of the injected
dose remained in circulation at 5 mm and <1 % at
4 hr. Walovitch et al. (15) reported that the parent
compound in blood was rapidlyconverted to the polar
metabolite and by 1 hr 90% ofthe @mTcactivity in the
blood was associated with the metabolite. These results
suggest that the brain input function was negligible

088.80â€”250.2
Â±13.0238.62â€”414.8Â±8.1423.84â€”64.2Â±2.1619.66â€”244.8Â±3.02414.9

significant decrease in total-body activity was well cor
related with the amount of activity (65%) excreted in
the urine within 4 hr.

Some of the tracer was excreted through the hepa
tobiiary system. The initial liver uptake of the tracer
was 17 Â±7% at 5 mm which decreased to 2.5 Â±1.2%
by 4 hr. The activity in gallbladderwas prominent even
at 4 hr (Fig. 4). The 99mTcactivity excreted in the 48-
hr feces collection was 11.2 Â±6.2% which includes the
colon activity seen in 48-hr images.

Radiation dosimetry was calculated for [99mTc]ECD
using the MIRD 11 Scheme (11). In order to calculate
the residence times in different organs the following
assumptions were made based on the biodistribution
data describedabove.

DISCUSSION

B C

FIGURE 4
Total-bodyimagesof [@â€œTc]ECDdistributionina normal
humansubject.Anteriorviewswereobtainedat (A)5 mm,
(B) 1 hr, (C) 2 hr, and (D) 4 hr.

0
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Organ5mmPercent@cted

dose/organ30mmlhr2hr4hr24hrBlood10.1Â±6.47.4Â±2.94.9Â±1.0â€”1.0Â±0.40.2Â±0.2Brain6.5Â±1.95.8Â±1.75.2Â±1.34.8Â±1.23.8Â±0.72.2Â±0.3Liver17.0Â±7.010.0Â±5.06.2Â±3.54.4Â±2.22.5Â±1.21.5Â±0.7Kidney8.8Â±2.84.0Â±2.23.3Â±1.71.8Â±1.20.7Â±0.40.4Â±0.3Lungs4.7Â±2.82.0Â±1.81.4Â±1.20.9Â±0.70.6Â±0.40.3Â±0.2Gallbladder0.9Â±1.12.6Â±2.13.3Â±2.64.2Â±3.11.8Â±1.40.2Â±0.2Heart0.7Â±0.60.5Â±0.30.3Â±0.20.2Â±0.20.1

Â±0.1â€”Thyroid0.3
Â±0.30.2 Â±0.20.1 Â±0.20.1 Â±0.10.1 Â±0.1â€”Legs8.5Â±4.16.8Â±3.24.9Â±2.33.0Â±1.41.3Â±0.60.3Â±0.5Bladder8.0Â±3.926Â±1221Â±2010Â±163.1Â±2.80.1Â±0.1Totalbody10094Â±470Â±1743Â±828Â±518Â±7

RadiationDoseEstiTABLE
4

matesFollowingIntravenousIn
of [@â€œTc]ECD

Estimatedradiationdose
2 h( 4.8h(jectionOrganmGy/

red/ mGy/
mBq mCi mBqrad/mCI

TABLE3Biologic
Clearanceof @rcACtivityfromDifferentOrgans

Based on Two Compartment Analysis of[@Tc]ECDBlodistributlonCompartment

1 Compartment2Organ

% deared T@(hr) % cleared T@(hr)Brain

2.7 1.3 3.842.3Kidneys
8.7 0.46 0.822.7Liver

16.3 0.43 3.319.9Lungs
4.5 0.24 1.19.4Urinarybladder

69.9 1.10 18.974.9Total
body 68.0 0.96 32.0 36.1

Brain0.00550.0200.00550.020Gall
bladderwall0.0250.0910.0250.092Lower

largeIntestinalwall0.0130.0470.0150.055Small
intestine0.0094@@0350.0100.038Upper

largeIntestinalwall0.0160.0610.0170.063Kidneys0.00730.0270.00740.027Uver0.00530.0200.00540.020Lungs0.00200.00760.00200.0076Ovaries0.00540.0220.00800.030Red

marrow0.00240.00870.00270.0098Bone
surfaces0.00340.0130.00380.014Testes0.00220.00810.00360.013Thyroid0.00350.0130.00350.013Urinary

bladderwall0.0300.110.0730.27Total
body0.00240.00890.00290.011.

RadIatiOn dose estimatOs werecalculatedbasedonvoidinginterval
of 2 or 4.8 hr.

TABLE 2
Biodistributlonof [@â€˜â€œTc1ECDmn16 NormalHumanSubjects

within a few minutes after the injection of the tracer
and no furtherbrain uptake of rmTc]ECD was possi
ble. At 1 hr postinjection, since the total blood activity
of 99mTcwas only 5% of the injected dose it is safe to
assume the 99mTcbrain activity was entirely because of
the tracertrappedwithin the brain.

The excretion of the tracer from the body was very
rapid. Fifty percent of the @Tcactivity appeared in
the urine within 2 hr and 65% by 4 hr. This rapid
urinaryexcretionof 99mTcactivitywas relatedto the
metabolic transformation of the tracer since only the
polar metabolites were identified in the urine (15). The
hepatobiliary excretion of [@mTc]ECDwas -â€˜@-l1% of
the injected activity. The @mTcactivity in the lungs and
muscle was negligible within 1-2 hr after the injection
ofthe tracer.The total-body retention of @mTcactivity
was <30% at 4 hr.

The radiation dose estimates for different organs
summarized in Table 4 indicate that the urinarybladder
wall and the gallbladder wall are the Critical organs and
the dose to the bladder wall depends on the time and
frequency ofvoiding. For 20 mCi (0.74 GBq) of[@Tc]
ECD administered and a voiding interval of 2 hr,
the estimated radiationdose to the urinarybladderwall
is 2.2 rad and gallbladderwall is 1.8 rad.These results
indicate that the radiation dosimetry of [@mTc]ECD
will be quite favorable for the administration of up to

20â€”40mCi (0.74â€”1.48GBq) for SPECF imaging stud
ies.

The biodistribution studies reported here are part of
Phase I study to evaluate the safety of [@TcJECD. The
protocol did not include brain SPECT imaging studies.
It is therefore difficult to infer from the biodistribution
studies if @Tc-ECDbrain uptake reflects TCBF.How
ever, dual labeled autoradiographicstudies in monkey
brain with @mTc@ECDand â€˜4C-iodoantipyrinewere per
formed by Walovitchet al. (8) to determine if @Tc
ECD is a marker of rCBF. They observed that the
distribution pattern for both tracers was similar and
that the ratio of cortical grey to white matter was 4-5
to 1 for both tracers@The initial SPECTimaging studies
in normal human subjects (16) suggests that [@mTc]
ECD is useful to assess rCBF in humans. In addition,
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studies comparing [99mTc]ECD to 99mTc hexamethyl
propyleneamine oxime (HM-PAO) in normals (1 7) and
xenon-l33 in patients with stroke (18) suggest that
[99mTc]ECD brain SPECT images are useful for clinical
evaluation of rCBF.

REFERENCES

1. Ell PJ, Jarritt PH, Costa DC, Cullum ID, Lui D.
Functional imaging of the brain. Semin Nucl Med
1987;17:214â€”229.

2. Holman BL, Lee RGL, Hill TC, et a!. A comparison
of two cerebral blood flow tracers, N-isopropyl 1-123
p-iodoamphetamineand 1-123 HIPDM. J Nucl Med
1984; 25:25â€”30.

3. Volkert WA, Hoffman TJ, Seger RM, Troutner DE,
Holmes RA. 99mTc..propyleneamine oxime (@mTc@
PnAO); a potential brain radiopharmaceutical. Eur J
NuclMed 1984; 9:51 1â€”516.

4. Sharp PF, Smith FW, Gemmell HG, et al. Techne
tium-99m HM-PAOsterioisomersas potentialagents
for imagingregionalcerebralblood flow:human vol
unteerstudies.JNuclMed 198627:171â€”177.

5. Kung HF, Molnar M, Billings J, et al. Synthesis and
biodistribution of neutral lipid-soluble Tc-99m com
plexes that cross the blood brainbarrier.J Nucl Med
1984; 25:326â€”332.

6. Lever SZ, Burns LH, Kervitsky TM, et al. Design,
preparation,and biodistributionofa technetium-99m
triaminedithiol complex to assess regional cerebral
bloodflow.JNuclMed 1985;26:1287â€”1294.

7. Cheesman EH, Blanchette MA, Ganey MV, Maheu
LI, Miller SJ, Watson AD. Technetium-99m ECD:
ester-derivatizeddiaminedithiolTc Complexesforim
aging brain perfusion [Abstractj. J NucI Med 1988;
29:788.

8. Walovitch RC, Williams SJ, Morgan RA, Garrity ST,

Cheesman EH. Pharmacologicalcharacterizationof
Tc-99m ECD in non-human primates as a new agent
for brain perfusion imaging [Abstract]. J Nucl Med
1988; 29:788.

9. Vallabhajosula S, Stritzke P, Goldsmith 51, Vaknine
R, Lipszyc H. Tc-99m-ECD: a new brain agent: in
vivo kinetics and biodistribution in normal human
subjects [Abstracts]. JNuclMed 1988; 29:921.

10. Nadler SB, Hidalgo JV, Bloch T. Prediction of blood
volume in normal human adults. Surgery 1962;
51:224â€”232.

11. Snyder WS, Ford MP, Warner 0G. Watson SB. â€œ5â€•
Absorbed dose per unit accumulated activity for se
lected radionucides and organs. MIRD Pamphlet No
11. New York: The Society ofNuclear Medicine, Inc.
1975.

12. International Commission on Radiological Protec
tion: limits for intakes of radionuclides by workers.
ICRP30, Part 1. New York: 1978. PergamonPress.

13. Cloutier R, Smith 5, Watson E, Snyder W, Smith E.
Dose to the fetus from radionucides in the bladder.
HeathPhys1973;25:147â€”161.

14. Walovitch RC, Makuch J. Knapik G, Watson AD,
Williams51.BrainretentionofTc-99m-ECDisrelated
to in vivo metabolism[Abstractj.J Nucl Med 1988;
29:747.

15. Walovitch RC, Hall KM, O'Toole JJ, Williams 51.
Metabolismof 99mTcECDin normalvolunteers[Ab
stract]. JNuclMed 1988; 29:747.

16. LeveilleJ, DemonceauG, Rigo P, et al. Braintomo
graphic imaging with Tc-99m-ethyl cysteinate dimer
(Tc-ECD):a new stable brain perfusion agent LAb
stract]. JNuclMed 1988; 29:758.

17. EUPJ, Costa DC, Lui D. First results ofa comparison
between 99mTcECDand 99mTcHMPAO[Abstract]. J
NuciMed 1988; 29:912.

18. Garrett K, Villanueva J, Kuperus J, Giombetti R,
MenaI. A comparisonofregional cerebralblood flow
with Xe-l33 to SPECT Tc-99m-ECD [Abstract]. J
NuclMed 1988; 29:913.

604 Vallabhajosula,Zimmerman,Picardetal TheJournalof NuclearMedicine




