
he introduction of single photon emission com
puted tomography (SPECT) perfusion imaging of the
brain required the development of radiotracers that are
lipophilic and that move across the blood-brain barrier
efficiently, so that uptake is proportionate to cerebral
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blood flow. For these tracers to be useful with imaging
devices such as the rotating gamma camera, their rate
ofclearance from the brain must be relatively slow and
their intracerebral distribution should be fixed during
the 20â€”30mm required for imaging.

Iodine- 123 isopropyl iodoamphetamine ([â€˜23I]IMP)
was the firstofthese radiotracersto be applied success
fully to SPECT imaging of the human brain (1,2).
Iodine-l23 IMP crossesthe blood-brainbarrier rapidly
with @â€˜6â€”7%ofthe injected dose remaining in the brain
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Technetium-99methylcysteinatedimer(ECD)hashighinitialcerebraluptakewith slow
clearance in nonhuman primates suggesting ideal characteristics for single photon emission
computertomography(SPECT)imaging.Weevaluatedthe biodistribution,dosimetryand
scintigraphicpatternof [@â€œTc]ECDin normalsubjectsandthe accuracyof SPECTimagingin
patientswithchroniccerebralinfarction.Sixteennormalsubjectswere injectedwith @.â€˜10 mCi
of [@TcJECD.Anteriorandposteriorsingle-passwhole-bodyimageswereobtainedat
multipletimesafter injection.BlOOddearance of the radiotracerwas rapid,fallingto 10.0 Â±
6.6%and4.9 Â±1.1%of the injecteddoseat 2 and60 mm,respectively.Brainuptakewas
6.4Â±2.1%oftheinjecteddose5mmafterinjection.Thecriticalorganwastheurinary
bladder.Technetium-99mECDSPECTwas performedwith a rotatinggammacamerain ten
of the 16 normalsubjectsand34 patientswith clinicalandCT evidenceof chronicstroke.
Thirty-threeof the thirty-fourpatientshad focal[@â€œâ€˜Tc]ECDabnormalitieson SPECT (97.1%)
basedon visualinspectionof the SPECTimages.Insummary,we obtainedhighquality
SPECTimagesas a resultof the optimalphysicalandbiologiccharacteristicsof the tracer.
Technetium-99m ECD SPECT shows promise for the evaluation of patients with stroke.
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20 mm after intravenous injection. While the tracer
redistributes significantly by 3â€”4hr, the activity is suf
ficiently fixed for satisfactory rotating gamma camera
SPECT within the first hour after injection (3). This
methodology has been useful in the evaluation ofa wide
range of cerebrovascular and neurologic diseases in
cluding stroke (4,5), dementia (6), and epilepsy (7).

The less than optimal physical characteristicsof 1231
including high-energy contamination and a relatively
high patient radiation dose and the failure to develop
an efficient commercial distribution system for [1231]
IMP stimulated a search for a technetium-99m- (99mTc)
based brain perfusion agent. Technetium-99m PnAO
and its analog, [99mTC]HM..PAO,were the first success
fully applied 99mTcradiotracers (8,9). Another class of
compounds was based on the diamine dithiol (DADT)
backbone. Exploration ofthis class of99mTccompounds
led to the identification of several members with high
initial cerebral extraction but with rapid clearance
(10,11). Recently,a more promisingmemberof this
class, 99mTc ethyl cysteinate dimer (ECD), has been
synthesized (12). Technetium-99m ECD displayed high
initial cerebral uptake and slow clearance in nonhuman
primates, suggesting ideal characteristics for SPECT
imaging (13). We therefore determined the biodistri
bution, dosimetry, and scintigraphic pattern of [99mTc]
ECD in normal subjects and the accuracy of [@mTc]
ECD SPECT imaging in patients with documented
chronic cerebral infarction.

METhODS

Preparation of the Radiopharmaceutical
Technetium-99m ECD (ethyl cysteinate dimer, DuPont

Company No. Billerica, MA) was prepared from two vials,
one containing a sterile and nonpyrogenic lyophilized mixture
and the other a liquid phosphate buffer. Saline (1.2 ml) was
injected into the first vial to dissolve its contents. The contents
of the first vial then were transferred into the second and
25 mCi(0.5 ml) of 99mTcgeneratoreluantwasinjectedinto
the second vial. The mixture was allowed to stand at room
temperaturefor 15 mm. The radiochemicalpurityofthe final
solution was determined by thin layer chromatography.

Biodistribution
The biodistribution study was carried out at four laborato

lies (Brigham and Women's Hospital, Medical College of
Wisconsin, Mt. Sinai Medical Center, and Harbor-UCLA
Medical Center). Sixteen normal subjects (13 males, three
females) were injected with@ 10 mCi of [@mTc]ECD.All
volunteers fasted for 4 hr prior to injection of [@mTc1ECD
and none were on medication. All were in good physical
health with no history of central nervous systemor cerebro
vascular disease.

Anterior and posterior single pass whole-body images were
obtained using a state-of-the-art Anger scintillation camera
starting at 5 mm postinjection with a scan speed of 20 cm/
mm. Imaging was repeated at 30, 60, and 120 mm and at 4,

24, and 48 hr postinjection. Regions ofinterest (ROIs) encom
passing the entire organ in both the anterior and posterior
views were obtained at each time point for brain, thyroid,
lung, heart, liver, spleen, gallbladder, kidney, bladder, and
legs. The ROl for the colon was determined at 4, 24, and
48 hr. In addition, venous blood samples were obtained at
0.5, 1, 2, 3, 4, 5, 10, 15, 30, 60, and 240 mm and 24 hr after
injection; urine was collected at 2, 4, 6, and 24 hr; and feces

was collected up to 48 hr.
The geometric mean net count was determined for each

organ for each time point by obtaining the square root of the
product ofthe net anterior counts and the net posterior counts
at that time point. The injected dose was determined as the
square root of the product of the 5-mm anterior whole-body
net count and the 5-mm posterior whole-body net count after
correction for physical decay. The percent injected dose for
each organ was determined at each time point.

The percent total injected dose present in the blood and in
urine and feces was determined at various times postinjection.
The percent injected dose of the radiotracer present in the
blood was determined using standard predicted normal blood
volume values for men and for women.

Radiation dose estimates were calculated at Oak Ridge
Associated Universities from the biodistribution data using
their MIRDose computer program.

SPECF Protocol
SPECTwasperformedin ten normal subjects(eightmales,

two females) and 34 patient volunteers (26 males, eight fe
males). Each patient had been diagnosed as having a stroke
more than 4 wk prior to the study based on clinical neurologic
signsand symptomsand the subsequentdevelopmentof an
abnormal computed tomography (CT) scan. A reference cur
rent (within 48 hr of the study) CT scan was obtained with
the reference plane oriented so that the orbitomeatal line was
parallel to the plane of the gantry.

Technetium-99m ECD (10â€”30mCi) was injected intrave
nously. Between 20 mm and 2 hr after administration of the
radiotracer, SPECT imaging was performed using a state-of
the-art rotatinggamma camera with in-plane spatial resolution
of 18 mm full width at half maximum or better. Images were
acquired in a 64 x 64 image matrix over a 360-degree rotation

in three degree increments. A minimum of 60,000 counts per
view were obtained with an upperlimit of2O sec of acquisition
perview.

Tomographic data were reconstructed using a nine-point
weighted spatial or two-dimensional FF1' prereconstruction
filterto removeimagenoise.A ramp filterwasappliedduring
image reconstruction without postreconstruction image ifiter
ing. Reconstructed images were corrected for uniformity, at
tenuation, and deviation from the center of rotation. A linear
attenuationcoefficientof0.12 cm' wasapplied.Imageswere
reconstructed in the transverse, sagittal, and coronal planes.
Each slice thickness was 1 pixel or 0.625 cm.

From the transaxial data set, a line along the interhemi
spheric fissure was divided into four equal segments. Lines
were drawn perpendicular to the interhemispheric fissure at
the intersections of the segments, dividing each hemisphere
into four rectangular regions of interest (Fig. 1). The [@mTc]
ECDSPECTstudiesin the 34 patientswith strokeand ten
normal patients were interpreted by one physician (BLH)
blinded to the clinical laboratory data including the results of
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FIGURE 2
Meanbloodclearanceof [@â€œTc]ECDin normalsubjects.

9.8% (l9.6%/hr) from 30â€”60mm, 8.1% (8.1%/hr)
from 1â€”2hr and 20.3% (10. 1%/hr) from 2â€”4hr after
injection.Gallbladderactivitypeaked at 4.2 Â±3.2%of
the injected dose 2 hr after the injection falling to 1.8
Â±1.5% ID at 4 hr. Liver activity fell from 15.0 Â±8.9%
of the injected dose at 5 mm after injection to 9.0 Â±
6.2% ID at 30 mm and 5.4 Â±4. 1% ID at 60 mm. Lung
clearance was rapid with only 4.6 Â±3.0% ofthe injected
dose in the lungs 5 mm after injection.

The critical organ is the urinarybladderwall with an
estimated radiation dose of 0.27 rad/mCi assuming a
4.8-hr void or 0. 11 rad/mCi assuming a 2.0-hr void.
The dose to other organs was substantially lower with
the large intestinal wall receiving -@-0.O5rad/mCi and
the gallbladderwall 0.09 rad/mCi (Table 2).

SPECF
In the 34 patients with chronic stroke, a single stroke

of 1 mo or greater duration was present on CT in 31
and multiple strokes were present in three patients
(three in one patient and two in two patients). Of the
38 strokes in the 34 patients, 18 involve the right
hemisphere while 20 involve the left.

The technical quality ofthe SPECT images was high
in all 34 patients and ten normal volunteers. There was
excellent delineation of the cortical gray matter, basal
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FIGURE 1
Matrixusedto divideeachhemisphereinto four ROls.

the CT examination. The interpretations were compared to
the nonblinded interpretation of the principle investigator
from the laboratory of origin. Discrepancies were noted and
the blinded interpretation was used for final data analysis.

The images were also visually assessed to detect the presence
of decreased tracer uptake in each of the regions. The trans
axial CT images were likewise divided into four regions per
hemisphere. The presence of focal areas of decreased tissue
density, representing tissue necrosis or edema, was localized
within the corresponding regions in each of the patients.

RESULTS

Biodistributionand Dosimetry
Blood clearance of the radiotracerwas rapid, falling

to 10.0 Â±6.6% of the injected dose at 2 mm, 7.4 Â±
3.0%ID at 30 mmand4.9 Â±1.1%ofthe injecteddose
at 60 mm afterinjection (Fig. 2). Clearanceofthe tracer
was primarily through the kidneys with 49.4 Â±13.5%
of the injected dose in the urine by 2 hr and 7 1.5 Â±
10.1% by 24 hr after injection. Only 11.5 Â±4.8% of
the injected dose was excreted through the hepatobiliary
system by 48 hr after injection.

Brain uptake was 6.4 Â±2. 1% of the injected dose
5 mm after injection falling slowly to 3.7 Â±0.3% 4 hr
after injection (Table 1). The loss ofbrain activity from
the planar whole-body images (without background
subtraction) was 10.4% (20.8%/hr) from 5â€”30mm,

BLOOD CLEARANCE

TIME (MIN)

100

10

.1
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Organ5 mm30 mmi hr2 hr4 hr24hrBrain6.4

Â±2.15.7 Â±1.75.2 Â±1.34.7 Â±1.23.7 Â±0.32.1 Â±0.3Lungs4.6
Â±3.01 .9 Â±1.91 .4 Â±1.20.9 Â±0.80.6 Â±0.40.3 Â±0.2Kidney8.8
Â±2.94.0 Â±2.33.6 Â±1.81 .8 Â±1.20.7 Â±0.40.4 Â±0.4Bladder8.3
Â±3.728.2 Â±10.321.8 Â±20.79.9 Â±17.02.9 Â±2.90.1 Â±0.1Uver15.0Â±8.99.0Â±6.25.4Â±4.14.0Â±2.62.2Â±2.61.2Â±0.6Gallbladder0.9

Â±1.12.6 Â±2.23.4 Â±2.74.2 Â±3.21 .8 Â±1.50.2 Â±0.2Percent

injecteddose/organÂ±s.d.

TABLE I
PercentInjectedDoseof [@Tc]ECDat TimesAfter Injection

ganglia, thalamus, and cerebellar hemispheres as re
gions of relatively increased tracer uptake in all normal
subjects and on the side contralateral to the stroke in
the 3 1 patients with unilateral stroke. In normal sub
jects, uptake was highest in the cerebellar hemispheres,
occiptal cortex, and the basal gangiia followed by other
regions of cortical gray matter (Fig. 3). White matter
had substantially less uptake than gray matter.

The four regions in each hemisphere were labeled
anterior (1), anterior central (2), posterior central (3),
and posterior (4). On CT scan, stroke involved the
anterior segment in five patients, the anterior central
segment in 24, the posterior central segment in 21, and
the posterior segment in eight patients.

Ofthe 34 patients with evidence ofstroke on CT, 33
of the patients had focal [@mTc]ECDabnormalities on
SPECT (97.1%) (Fig. 4). There was a discrepancy in
the interpretation of one study, called normal by the
blinded reviewer and abnormal by the nonblinded in
vestigator, accounting for one false-negative study in
this report. Of the 60 segments evidencing stroke on
CT, 59 had decreased [@â€˜Tc]ECD on SPECT (98.3%).

The one patient and the one segment with a normal
[99mTc]ECDstudy was in a patient with evidence of a
small infarct involving the basal ganglia on the CT scan.

Sixteen of the 34 patients with stroke had [@mTc]
ECD perfusiondefectsextendinginto segmentsthat
were normal on CT (47. 1%). In all 34 patients with
stroke, 16 patients had [@mTc]ECDdefects in the an
terior segment, 26 in the anterior central segment, 27
in posterior central segment, and 11 in the posterior
segment.

Crossed cerebellar diaschisis was present in 14 of 34
patients (41.2%) (Fig. 5). Ten of the 16 patients with
defects extending into segments beyond those on CT
(62.5%) and only four of 18 patients with [@mTcJECD
and CT scans that showed matching defects (22.2%)
had decreased tracer uptake in the countralateral cere
bellar hemisphere.

DISCUSSION

Technetium-99m ECD crosses the blood-brain bar
rier and is taken up rapidly by normal brain in a

distribution proportional to regional cerebral blood
flow (13). It is retained within the brain by rapid
deesterification to a polar metabolite that does not
recross the blood-brain barrier (14).

Our human biodistribution data confirm the obser
vations made previously in animals. Brain uptake is
rapid and peak brain activity compares favorably with
other 1231and 99mTctracers, reaching over 6% of the
injected dose by 5 mm after intravenous injection. The
pattern of [99mTcJECJ)brain uptake in normal subjects
was similar to that observed with [â€˜23IIIMPwith the
highest activity in the cerebellar hemispheres, occipital
lobe and the basal gangiia followed by other regions of
the cerebal cortex (15). Other groups have reported
similar brain distribution of the two tracers although
lesions were better visualized with [@mTc]ECD SPECT
because ofthe resulting higher contrast ratio and spatial
resolution(16).

Blood clearance is rapid, resulting in high brain to
soft-tissue activity ratios early after injection and im
proving with time for at least several hours after injec
tion. Rapid lung clearance reduces further the problem
of adjacent background activity during imaging. The
rapidwashout from facial muscles and from the salivary
glands results in higher brain to soft-tissue ratios than
have been reported for Tc-HM-PAO at comparable
times after injection due to the more rapid blood clear
ance of [99mTc]ECD As a result the optimal imaging
time may be an hour or more after injection, aftermost
ofthe soft-tissue activity has cleared.

The primary route of excretion of the tracer is
through the kidneys. Consequently the critical organ is
the urinary bladder. Assuming that the patient voids
within 4.8 hr after injection and that the renal function
is normal, an 18-mCi dose will result in a 5-rad exposure
to the bladder wall and will also result in SPECT images
of high technical quality. While this dose range is sat
isfactoryfor most routine studies, it may be necessary
to inject some patients with two doses within a 24-hr
period, especially ifpharmacologic or physiologic inter
vention studies are contemplated. In this case, a sub
stantially higher total dose (45 mCi) will give a 5-rad
exposure to the bladder wall if the patient voids within
2 hr. Until biodistribution studies have been performed
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FIGURE 3
Technetium-99mECD SPECTin normalsubject.A: Transaxialslicesobtainedat the levelof the basalgangliaand
primary visual cortex (Ti), 2 cm caudal to the basal ganglia (T2), and two slices obtained at the level of the
interhemisphericfissure(T3,T4).B: Coronalslicesobtainedat the levelof the anteriorfrontallobe(Cl , C2),andat the
level of the basal ganglia (dosed arrow) and temporal lobes (open arrow) (C3, C4). C: Coronal sections obtained
posteriorly at the level of the parietal lobes (C5, C6) and at the level of the visual cortex (posterior occiptal lobe) (closed
arrow) and cerebellar hemispheres (open arrow) (C7, C8). D: Sagittal images obtained at the level of the temporal lobe
(51 , 52) and at the level of the basal ganglia (open arrow) and cerebellar hemisphere (closed arrow) (53, 54). E: Medial

sagittalplanesat the levelof the panetallobe(closedarrow)andfrontalpole(openarrow)(S5,S6)andadjacentto the
interhemisphericfissureandthroughthe occiptallobe(primaryvisualcortex)(dosedarrow)(S7,58).

tracer as is observed with [â€˜231]IMP.The [@mTc]ECD
gray:whitematter activity ratio remains high and con
stant over time when measured from sequential SPECT
studies (18). If the tracer does not redistribute within
the brain, the washout should not affect the quality of
either the SPECT images or the data. Our images were
uniformlyhigh quality and the clearancedid not affect
the accuracy with which stroke was detected. Further,
the SPECT data set could be corrected for clearance, if
necessary.

Our data would suggest that [99mTc]ECDSPECT is
an accurate method for the detection of stroke. Over
97% ofpatients and over 98% ofstrokes detected by x
ray CT had corresponding focal defects on the [@mTcJ

in patients with abnormal renal function, these patients
should be studied using a more conservative dose regi
men.

Our study suggests high brain clearance of the tracer
during the firsthour and a clearanceaveraging 10%per
hour after that time. Our values are high because the
measurementswere obtained from planar data, result
ing in an overestimation because of superimposed soft
tissue activity that has a very rapid initial clearance.
Data based on SPECT studies (including a subset of
our own normal subjects) indicate a slower clearance
rate, averaging 12% per hour during the first hour and
5â€”6%per hour thereafter (1 7). Furthermore, there does
not appear to be intracerebral redistribution of the
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FIGURE 4
A: Technetium-99m ECD SPECT in

a patient with left middle cerebral
artery infarction. Note the focal de
fact (dosedarrow)andcrossedcer
ebellardiaschisis (open arrow). B: CT
in the same patient. Note that the
SPECT defect involves the same

area as the abnormalityon CT but
@4 also extends anterior to it.

ECD study.Our resultsare comparableto those ob
tamed in patients with stroke following [â€˜231]IMPand
[99mTc]HMpAOSPECT (4,19,20). While our data was
read by one observer blinded to clinical history and to
the laboratory data, the entrance criteria may have
resulted in a skewed population base. Each patient had
an abnormal CT study prior to SPECT and the patient
acquisition was not randomized. It is possible that the
accuracy of the test would have been lower than we
observed had the population been more representative.

As with [â€˜23I]IMPSPECT, almost halfofour patients
had SPECTdefects which were substantiallylargerthan
the extent of the infarct as measured from x-ray CT.
The discordance between SPECT and CT might be due
either to ischemic but viable tissue, to diffuse selective
neuronal cell loss which may be present in zones sur
rounding an infarct, to decreased or absent metabolism
along tracts made up of axons and dendrites of the
infarcted neuron (Wallerian degeneration) (21), or to
diaschisis, a decrease in the functional capacity and,
hence, perfusion in a brain region caused by distant
injury which occurs when excitatory impulses through
afferent fiber tracts are interrupted, reducing the func

tional status of the distal region (22). Our observation
that almost half of our patients have reduced [@mTc]
ECD uptake in the contralateralcerebellarhemisphere
in the absence of CT abnormalities indicates that the
cerebellar assymetry, at least, is due to diaschisis and
not due to cerebellar infarction or atrophy. Pantano
et al. have observed a coupled decrease in blood flow
and oxygen and glucose metabolism in these regions
(22). Moretti et al. have observed a similar incidence of
cerebellar diaschisis using [â€˜23I]IMPSPECT (23). They
observed no relation to diaschisis and clinical outcome
although we found a higher incidence of cerebellar
diaschisis when there was a substantial discordance in
the extent ofthe cerebral abnormality between CT and
SPECT.

As with other SPECT tracers of brain perfusion,
[99mTc]ECDcorrelateswith regionalcerebralblood flow
in normal tissue but the mechanisms for reduced uptake
in stroke may be the result of a variety of causes
including reduced blood flow, reduced tracer extraction,
or reduced metabolism due to reduced oxygen and
enzyme activity, leading to reduced tracer washout. To
determine whether [@mTc]ECD is primarily a flow

T2

FIGURE 5
A: Technetium-99m ECD SPECT in

a patientwith posteriorcerebralin
farction.There is a focal defect in
volving the posterior temporal and
parietal lobes in the distributionof
the posteriorcerebralartery (dosed
arrow). Note crossed cerebellar dias
chisis (open arrow). B: CT in the
samepatientwithevidenceof a large
posteriorcerebralarteryinfarction.

T4
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L, L-ethyl cysteinate dimer (ECD) in normal volun

teers.EurfNuclMed 1988; 14:227.
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R, BurgessBA, Morgan RA, Wallovitch RC. Brain
tomographicimagingwith Tc-99m-ethylcysteinate
dimer (Tc-ECD): a new stable brain perfusion agent
[Abstract].JNuclMed 1988;29:758.
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radiotracer for the investigation of cerebrovascular
disease. NuclMedCommun 1985; 6:437â€”441.
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cular disease: a comparison to transmission CT [Ab
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lerian degeneration demonstrated by magnetic reso
nance: spectroscopic measurements on peripheral
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tracer or may be affected by metabolism, studies will
have to be carried out in patients with subacute stroke
and with uncoupling of metabolism and blood flow
(luxuryperfusion).

In summary, [99mTc]ECDis a promising tracer for
the evaluation of patients with stroke. High quality
SPECT imaging results from the optimal physical char
acteristics of 99mTcand the favorable biodistribution of
ECD which resultsin low backgroundactivity,high
photon flux, and high brain uptake.
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