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its markedly higher specfllc-to-nondisplaceable binding ratio in
comparison to those of iodobenzamideor other D2 ligands did not
result in a better discrimination between different basal ganglia
disorders. The calculation of plasma input curves and volumes of
distribution might improve the accuracy of @@IJepidepdde-SPECT.
Key Words dopamine; D2 receptors; epideprkle; SPECT; basal
ganglia disorders

J NucI Med 1997;3&1711â€”1717

Since theearly1980s,invivoimagingofthepostynapticside
and, more recently, of the presynaptic side of the nigrostriatal
dopaminergic system has contributed significantly to our un
derstanding of a variety of neuropsychiatric disorders. Dopa
mine D2 receptors have been studied with PET using butyro
phenone derivatives such as [l â€˜C]N-methylspiperone (1) and
substituted benzamides like [l â€˜C]raclopride(2). The first D2
receptor imaging study with SPECT was performed using
[77Br]spiperone (3). Because of their almost irreversible bind
ing to D2 receptors, imaging studies with spiperone derivatives
cannot be performed at equilibrium, and receptor binding can
only be determined by performing dynamic studies and com
plicated mathematical calculations (4). The introduction of the
benzamide [â€˜231]iodobenzamide(IBZM), which allowed imag
ing under pseudoequilibrium conditions and semiquantification
with a simple ratio method using SPECT, led to a broader
clinical application of D2 receptor imaging (5â€”7).Iodine-123-
IBZM-SPECT was shown to be an effective tool for the
differential diagnosis of Parkinson's disease and parkinsonism
related to other neurodegenerative disorders, such as multiple
system atrophy (MSA) and progressive supranuclear palsy
(8â€”12) and drug-induced parkinsonism (7, 13â€”15). However,
IBZM has certain disadvantages as a SPECT ligand for D2
receptors; with a KD of â€”0.4nM(16, 1 7), the affinity for the D2
receptor is relatively moderate. Iodobenzamide is a highly

Epidepride is a benzamkie derivative with very high affintty for D2
receptors, which, in its C@'O-labeledform, can be used for SPECT.
Theaimof thisstudywasto evaluatethe usefulnessandaccuracy
of@ differentialdiagnosisof movement
disorders. Methods SPECT imaging with a triple-headed scintilla
tioncamerawasperformedin9 patientswithParkinson'sdisease,
9 patients with probable multiple system atrophy (MSA), 1 patient
with progressivesupranuclearpalsy, 16 patients with Huntington's
disease (HD)and 14 controls, 3 hr after the intravenousinjection of
3.7 Â±1.3 mCi of r@o@id@rid@. The striatum-to-cerebellum ratio â€”
1, reflecting the speciflc-to-nondisplaceable binding ratio, was used
as a semiquantitative measure of D2 receptor binding. Results
KineticstudiesshowedpeakstÃ±ataluptakeabout3 hrpostinjeclion
anda slowdeclinethereafter.Thestriatum-to-cerebellumratio-1
was significantlyreduced in MSA(11.8 Â±3.9, compared to controls,
19.0 Â±6.3; p < 0.01) and in patients with HD (8.8 Â±3.2; p <
0.00005)but normal in Parkinson's disease (15.8 Â±3.6; not signif
icant).A highintermndividualvariationof specificStriatalepidepride
binding (striatumâ€”cerebellum;cpm/mCi x kg) was found in
controls and in all patient groups. The intermndMdualvariation of
striatum-to-cerebellumratioswaslowerbutstillconsiderable.Inhalf
of the MSA patients, the speciflc-to-nondisplaceable binding ratio
fellwithintherangeofcontrols.Theuseofvariouscorticalreference
regions did not improve discrimination between MSA and controls
or Parkinson'sdiseasepatients,respectively.Thediscriminationof
HD patientsfrom controlswas better, with overlap inontytwo cases.
In one HD patient,calculationof the striatum-to-cerebellumratio
was almostimpossibledue to extremelylow nonspecificbinding.
Possible explanations for the large variation of the ratios, resulting in
an overlap between controls and different patient groups, are very
low counting rates in the reference region and the fact that a
transientbinding equilibriummay not be achievedafter bolus
injection of epidepride. Conclusion: Epidepride appears to be a
usefulSPECTligandfor studying dopamine 02 receptors. However,
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SubjectsnSexAge

(yr)D@ease duration(yr)Hoehn andVahrstageMean

Â±s.d.RangeMean Â±s.d.RangeMeanÂ±s.d.RangeControl146F,

8M40.9 Â±13.319-63â€”â€”â€”â€”Parkinson's
disease96F, 3M65.0 Â±12.651â€”815.4 Â±2.71â€”92.9 Â±1.21-4MSA95F,

4M62.7 Â±9.550â€”783.9 Â±2.31â€”84.1 Â±0.73â€”5PsP11M65â€”4â€”4â€”HD168F,

8M47.0 Â±14.924-734.9 Â±4.61â€”17â€”â€”

TABLE I
Clinical Data

lipophilic compound (5). Both moderate affinity and high
lipophilicity lead to a relatively low ratio of specific to
nonspecific binding (â€”1.7) (7). Moreover, due to the moderate
affinity of IBZM, D2 receptor measurement may be confounded
by the effect of endogenous dopamine or L-Dopa treatment
(18â€”20).

In the late l980s, several new substituted benzamides with
high affinity for D2 receptors were proposed as potential
SPECT imaging agents (21â€”24).In vitro data suggested that the
IBZM derivative epidepride, (S)-N-[(l -ethyl-2-pyrrolidinyl)
methyl]â€”5-iodo-2,3-dimethoxybenzamide, might be an excel
lent ligand for D2 receptor imaging (22,25,26). Epidepride
predominantly labels dopamine D2 receptors with an affinity of
about 30 pM in striatal and cortical tissue of the postmortem
human brain (25,27). A part of striatal epidepride binding,
especially in the ventral striatum, was shown to be due to D3
receptors (28), and a low percentage of cortical binding is
represented by adrenergic alpha-2 receptors (25,26,29,30).
SPECT studies by Kessler et al. and previous studies by our
group (31â€”35)demonstrated that epidepride produces high
striatum-to-cerebellum ratios and might be useful for studying
striatal and extrastriatal dopamine D2 receptors.

The aim of this study was to evaluate the usefulness of
[â€˜23I]epidepride-SPECTfor the differential diagnosis of move
ment disorders examining normal controls and patients with
Parkinson's disease, MSA, progressive supranuclear palsy
(PSP) and Huntington's disease (HD) and to determine if the
markedly higher ratio of specific to nonspecific binding in
comparison to IBZM would lead to a more accurate differen
tiation between these disorders.

MATERIALS AND METhODS

Patients
Thirty-five patients with movement disorders (19 women and 16

men) and 14 controls (6 women and 8 men, aged 19â€”63 yr; mean
age 40.9 yr) were examined. The patient group consisted of 9
patients with Parkinson's disease (aged 51â€”81 yr; mean age 65.0
yr), 9 patients with MSA (aged 50â€”78yr; mean age 62.7 yr), 1
patient with PSP (aged 65 yr) and 16 patients with HD (aged 24â€”73
yr; mean age 47.0 yr). Table 1 shows clinical data of the patients
examined. Patients with Parkinson's disease had a mean disease
duration of 5.4 yr and were in Hoehn and Yahr stage 2.9 (mean).
Eight Parkinson's disease patients displayed an asymmetric, one
showed a symmetric rigid-akinetic syndrome, and all patients
responded well to L-Dopa. One Parkinson's disease patient had a
history of head injury 30 yr before the study. Magnetic resonance
imaging (MRI) revealed a small frontobasal lesion, presumably due
to this trauma. Patients with MSA were clinically diagnosed as
having probable sporadic olivopontocerebellar atrophy (MSA of
OPCA-type; n â€”3) or striatonigral degeneration (MSA of SND
type; n = 6) according to the criteria of Quinn (36). Mean duration
of disease was 3.9 yr. Parkinsonian symptomatology was staged
Hoehn and Yahr 4. 1 (mean) and was asymmetric in three and

symmetric in six MSA patients. MRI was performed in all MSA
patients and revealed cerebellar atrophy in all OPCA patients and
in four of six SND patients. The PSP patient (disease duration, 4
yr) fulfilled all clinical criteria for diagnosis, including vertical
up-and-down gaze palsy. Vascular PSP was excluded by a normal
MRI scan. Duration of disease was 4.9 yr (mean) in HD patients.
MRI (n = 6) or CT scan (n = 5) revealed no atrophy ofthe caudate
nucleus in nine and marked caudate atrophy in two HD patients. In
11 patients, the family history was positive; in two patients, it was
suspect; and in one patient, it was negative for HD. Family history
was not available in two HD patients. Genetic testing was per
formed in one of the latter two cases and confirmed the diagnosis
of HD.

The control group consisted of 14 volunteers (healthy subjects
and patients with peripheral neurological disorders).

L-Dopa treatment was continued in Parkinson's disease and
MSA patients receiving L-Dopa. All other drugs known or sus
pected to interact with dopamine receptor binding (dopamine
agonists and antagonists, anticholinergics, amantadine and selegi
line) were discontinued (for 2 wk in the case ofneuroleptics and for
24 hr in the case of other drugs) for the SPECT study.

Synthesis and Radiolabeling
Unlabeled epidepride was synthesized in six steps from o

vanillin and S-(â€”)-N-ethyl-2-amino-methyl-pyrrolidine. Epide
pride was transformed into the labeling precursor Bu3Sn-epide
pride by reaction with Bu3Sn2 and Pd(PPh3)4 in dry toluene, which
was isolated and purified by normal phase (silica) preparative
high-performance liquid chromatography (HPLC) and analyzed by
nuclear magnetic resonance, mass spectroscopy and HPLC.
Iodine-123-epidepride was prepared from the precursor by oxida
tive iododestannylation ([â€˜231]-NaI,CAT, pH 2, room temperature,
3 mm), isolated and purified directly from the reaction mixture by
reversed-phase HPLC. After evaporation, redissolution in physio
logical saline and sterile filtration, [â€˜231]epidepridewas obtained in
83% Â±7% (n = 6) yield and specific activity of about 0.1
nmol,'mCi. Radiochemical purity, determined by thin-layer chro
matography and HPLC, was 98% and remained stable for >24
hr. The product demonstrated specific striatal binding in rats.

Data Acquisition and Analysis
The SPECT studies were performed using a triple-headed

rotating scintillation camera with a transaxial resolution of 9 mm
FWHM. Camera heads were equipped with medium-energy colli
mators. Iodine-123-epidepride (3.7 Â±1.3 mCi, or 130 Â±46 mBq;
range, 81â€”226MBq) was injected intravenously as a single bolus.
To determine the optimal time for data collection, dynamic studies
with 2â€”15scans were performed in four control subjects and in
four patients with HD. Because specific binding in the striatum
(striatum â€”cerebellum; cpm/mCi X kg body weight) showed a
maximum around 3 hr postinjection, the time between 180 and 200
mm postinjection was used as standard acquisition time for further
studies. One of the controls and two HD patients, in whom
dynamic studies had been performed, had not been scanned at this
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time interval. Results of these three subjects were, therefore, not
included in the statistical analysis. The rotation times were 20 mm
for all data acquisitions starting up to 12 hr postinjection and 40
mm for acquisitions starting more than 12 hr postinjection. For
each scan, a total of 180 frames was collected in a step-and-shoot
mode.

Cross-sections (3.5 mm thick), oriented parallel to the can
thomeatal plane, were reconstructed by filtered backprojection
(Butterworth filter, cutoff frequency 0.7; order 7) in 128 X 128
matrices. Attenuation correction was performed assuming uniform
attenuation within an ellipse drawn around the head contour
(attenuation coefficient = 0.120/cm).

For analysis ofthe data, irregularregions ofinterest (ROIs) were
drawn with the help of a brain atlas in areas corresponding to the
left and right striatum, thalamus, inferior laterotemporal cortex,
laterofrontal cortex and occipital cortex and in both cerebellar
hemispheres. Counts in striatal and temporal regions were calcu
lated in several consecutive 3.5-mm thick axial slices, and the
slices with the highest counting rate for each striatum and temporal
region were used to avoid tilting errors. The two striatal and
temporal regions, respectively, were pooled together, and the
average counts/pixel were calculated. Values of both cerebellar
ROIs in three consecutive axial slices were pooled together, and the
average cerebellar counts were calculated. The target-to-reference
region ratio â€”1, reflecting the specific-to-nondisplaceable binding
ratio, was used as a semiquantitative measure of D2 receptor
binding. The cerebellum was assumed to represent nonspecific
bound and free radioactivity and, therefore, was used primarily as
a reference region. In addition, the frontal, occipital and temporal
cortex were used as reference regions.

An asymmetry index between left and right striatal [1231]epide
pride binding was calculated as follows: {Average (left + nght/2)
striatum-to-cerebellum ratio â€”1} â€”{Striatum-to-cerebellum ra
tio â€”1 in the striatum with lower binding)/{Average striatum-to
cerebellum ratio â€”1} X 100.

The study was approved by the local ethical committee, and
informed consent was obtained from every subject examined.

Statistical Evaluation
Specific binding, as calculated by the subtraction of target from

cerebellar counting rates, and target-to-reference region ratios â€”1
obtained 3 hr postinjection were used for statistical analysis.
Values of the patient with PSP were included in the MSA group.
Differences between groups were evaluated using ANOVA. Values
of p < 0.05 were considered significant. Results were expressed as

RESULTS

KineticStudy
Epidepride showed region-specific uptake, with highest bind

ing in the areas corresponding to the left and the right striatum.
Clearly visible activity was evident in several extrastriatal
regions (thalamus > temporal cortex > frontal cortex >
occipital cortex > cerebellum). Striatal uptake occurred with
peak values at about 120â€”150mm postinjection and a slow
decline thereafter (Fig. 1A). Specific binding in the control
subject most extensively studied (Fig. 1B) and in the majority of
other subjects remained stable between 120 and 180 mm
postinjection Striatal activity, measured in one control subject
17.5 hr postinjection, amounted to about 70% of the peak
activity. With decreasing activity in different extrastriatal re
gions, peak activities occurred earlier, and washout was more
rapid. Because of the more rapid washout of cerebellar activity
as compared to binding in the striatum, striatum-to-cerebellum
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FIGURE1.Time-activitydisbibutionin a normalcontrolafterinjectionof 4
mCiof @23I]epidepride.Activitycurveshowshighestbindinginstriatum,with
peak uptake120 mm postinjectionand a slow declinethereafter.With
decreasingactivityin differentextrasthatalregions,peakactivftiesoccur
earlier,and washoutis more rapid (A4.Specificstriatalbindingplateaus
between 120 and 180 mm postinjection (B). Radioactivityis expressedas
meancounts/pixevmCix kg body weight.Specificbinding is detetminedby
subtractionof cerebellaractivityfromactivityindifferenttargetregions.

ratios increased steadily with time and reached values of >100
more than 6 hr postinjection.

A high interindividual variation of specific binding (cpm/
mCi X kg) was found in controls and in all patient groups. The
interindividual variation of striatum-to-cerebellum ratios of â€”1
was lower but still considerable.

Age Dependency
No significant age dependency of striatal epidepride binding

(striatum-to-cerebellum ratios of â€”1) could be observed in
normal controls [,2 0.04, not significant (n.s.); Fig. 2].

Side-to-SIde Differences in Striatal Epidepride Binding
Mean asymmetry indices of striatal epidepride binding 3 hr

postinjection in controls and in the different patient groups are
shown in Figure 3. There were no significant asymmetry
differences between controls, Parkinson's disease, MSA and
HD. The two hemiparkinsonian patients showed low asymme
try (0.4% and 0.7%). MSA patients with asymmetric disease
showed a higher right-to-left difference than did patients with
symmetric symptoms (mean, 5.6% compared to 2.2%), and in
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all three patients with asymmetric disease, striatal binding was
lower opposite to the clinically more affected side.

Striatal Epidepride Binding in Parkinson's Disease,
Multiple System AtrOphy and Huntington's Disease

Figure 4 shows 123I-epidepride binding in a control subject, a
patient with Parkinson's disease, a patient with striatonigral
degeneration and a patient with HD. Figure 5 demonstrates
striatum-to-cerebellum and striatum-to-frontal, striatum-to-oc
cipital and striatum-to-temporal cortex ratios 3 hr postinjection
in each individual patient and control. The striatum-to-cerebel
turn ratio in Parkinson's disease patients as a group was not
significantly different from controls (15.8 Â±3.6 compared to
19.0 Â±6.3, patients compared to controls; n.s.). One Parkin
son's disease patient showed a striatum-to-cerebellum ratio

below the range of controls (8.4). This patient had sustained a
severe head injury 30 yr before the study.

The striatum-to-cerebellum ratios of â€”1 was significantly
reduced in the MSA group as compared to controls (1 1.8 Â±4.9;
p < 0.01; including, one PSP patient with a ratio of 8.5), but in
half of the MSA patients, the ratio was within the range of
controls. Difference ofthe striatum-to-cerebellum ratio between
Parkinson's disease and MSA did not reach the level of
significance. A highly significantly reduced striatum-to-cere
bellum ratios of â€”1 was found in HD (8.8 Â±3.2; p < 0.00005),
with little overlap with control values. In one HD patient,
calculation of the striatum-to-cerebellum ratio was almost

Simpossible due to extremely low binding in extrastriatal regions

(ratio 18.0; mean cerebellar counts 1). The low injected dose
(81 MBq) may have contributed to this result.

The use of frontal, occipital and temporal cortex did not
prove to be superior to the use of the cerebellum as a reference
region (Fig. 5). The striatum-to-frontal cortex ratios of â€”1 was
significantly reduced in HD as compared to controls (5.6 Â±3.9
compared to 9.2 Â±3.0) and normal in Parkinson's disease
(10.0 Â± 1.9, n.s.). In MSA patients the striatum-to-frontal
cortex ratio was neither different from controls nor from
patients with Parkinson's disease (7.2 Â±2.3; n.s.). Similarly,
striatum-to-occipital cortex ratios of â€”1 were significantly
reduced in HD as compared to controls (5.8 Â±1.9 compared to
13.3 Â±4.3; p < 00005) but not different from controls in
Parkinson's disease (13.8 Â±5.1; n.s.) and MSA (9.1 Â± 1.9;
n.s.). As demonstrated in the scatter diagram, there is an
increased overlap between MSA patients and controls with only
two patients below the range of controls using the occipital
cortex as a reference region (Fig. 5). The striatum-to-temporal
cortex ratio was found to be reduced in HD (2.4 Â± 0.6
compared to 4.3 Â±1.1; HD compared to controls) and normal
in Parkinson's disease patients (5.5 Â± 1.3; n.s.). In MSA
patients, the striatum-to-temporal cortex ratios of â€”1 was
reduced as compared to patients with Parkinson's disease
(4.1 Â±1.0; p < 0.05), but the difference from controls did not
reach the level of significance.
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FiGURE3@Asymmetryindexof [1@q-epldepndebindingbetweenleftand
nghtsthatumin normaicontrols(n = 13)and patientswith HD(n = 14),MSA
(n = 10; includingone patientwith PSP)and Parkinson'sdisease(n = 9).No
significantdifferencesbetweengroupswereseen.Dataareexpressedas
meanÂ±s.d.
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the relatively large variation ofthe control values (coefficient of
variation of striatal-to-cerebellar ratios 3 hr postinjection in this
study = 33%) compared with a relatively small variation of
IBZM binding ratios in normals reported in a previous study
from our own group (coefficient ofvariation = 5%@)(10). There
are several reasons for the large variation of [I2 I]epidepride
binding ratios. One is the extremely low nonspecific binding of
this tracer in the brain, which makes it difficult to delineate the
cerebellum or other reference regions and causes a high
uncertainty in the calculation of the ratios when the nonspecific
binding in the denominator is very low. Because initial epide
pride uptake corresponds to blood flow and peak uptake occurs
earlier in cortical regions as compared to the striatum, the
delineation of extrastriatal regions might be improved by
performing an early scan in each patient in future studies. The
anatomical information obtained with an early scan could be
used for ROl placement in the later scan representing receptor
distribution. Another reason for the variation of the data might
be the fact that, after bolus injection of [â€˜231]epidepride,a
transient equilibrium of tracer binding is not achieved. Ideally,
in vivo receptor measurements should be performed in a state of
true equilibrium when there are constant activity levels in
plasma and all brain compartments, but this usually can only be
achieved with constant infusion of the tracer (39). A constant
relationship between the specific bound compartment in the
brain and the metabolite corrected plasma input function has
been termed â€œtransientequilibrium.â€•During such a transient
equilibrium, the apparent volume of distribution of a tracer can
be used as an index of receptor density (39). Such measure
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DISCUSSION
Recent reports demonstrated that epidepride, a novel substi

tuted benzamide derivative with very high affinity for D2
receptors, can be used for studying striatal and extrastriatal
dopamine D2 receptors in humans (31â€”35).This study has
evaluated the usefulness of['231] epidepride and SPECT for the
differential diagnosis of movement disorders.

In vitro data of epidepride binding demonstrated a very high
affinity of this tracer to dopamine D2 receptors and also a very
low nonspecific binding, which was thought to be due to its
relatively low lipophilicity (22). It was suggested that a com
bination of these two features also would be advantageous for a
receptor ligand for in vivo studies. At first glance, it would
seem to be a clear-cut advantage to use a tracer with very high
specific and low nonspecific binding, which increases the
signal-to-noise ratio and offers the possibility of studying
extrastriatal binding sites with low receptor density. In fact, it
has been shown that [â€˜231]epideprideSPECT can visualize D2
receptors on different pituitary adenomas with high sensitivity
not only in prolactinomas but also in clinically nonfunctioning
and in growth hormone-producing adenomas (3 7). Due to its
lower affinity and lower binding ratio, [1231]IBZM has a much
lower sensitivity to label D2 receptors on pituitary tumors in
vivo (38).

This study shows that patients with HD, MSA and PSP are,
as a group, significantly different and can be separated with
[123I]epidepride SPECT from controls but that this is not
possible in individual cases due to a substantial overlap of the
data, especially in the MSA group. This overlap could be due to



ments of the volume of distribution of a ligand require repeated
measurements of its concentration in plasma and are difficult to
perform in a clinical setting. A method to estimate the true
equilibrium between specific and nonspecific binding has been
proposed by Farde et al. (2), who used the time point of
maximal specific binding of the D2 ligand raclopride for the
calculation of the specific-to-nonspecific ratio. This approach
also was used in this study. Kinetic data show a maximum of
specific binding in striatum about 3 hr after injection with a
slow decline thereafter (Fig. lB). Therefore, this time was used
as standard acquisition time. However, data of striatal specific
binding show that there is probably some interindividual van
ation of the time course of tracer uptake, which contributes to
the variation of the binding ratios.

In a similar study that used the D2 receptor ligand [123I]IBF,
which has about a fourfold higher affinity than IBZM, the
differentiation of MSA and PSP patients from patients with
Parkinson's disease was investigated (40). Pathophysiologically
MSA and PSP differ from Parkinson's disease by the involve
ment of postsynaptic structures in the striatum, which also
degenerate in these disorders and lead to a loss of postsynap
tically-located D2 receptors. This is the pathophysiological
background for the reduction of D2 receptor binding in the
striatum in MSA and PSP. Buck et al. (40) also found an
overlap of [â€˜23I]IBFbinding between normals and MSA and
PSP patients. Thus, a less clear-cut separation was found than in
previous studies with IBZM (8â€”12)despite the higher affinity
and higher basal ganglia to frontal cortex ratio of IBF binding,
which is very similar to our findings with [â€˜23I]epidepridein
this study.

It is well-established that D2 receptor binding decreases with
increasing age (7, 15). The fact that such an age-related decline
of epidepride binding in controls is not seen here (Fig. 2) is
probably also due to the large variation of the data. The use of
different cortical regions (frontal, occipital or temporal cortex)
as reference regions did not improve the separation of MSA
patients from controls and Parkinson's disease patients. A better
separation was found for the HD patients, perhaps because the
pathology and neuronal loss in the striatum is more severe in
these patients.

This study shows that high affinity and low nonspecific
binding of epidepride, which makes it an ideal ligand for in
vitro studies, did not lead to a better separation ofMSA patients
from patients with Parkinson's disease and controls. Other
methods of quantification, such as the determination of the
volume ofdistribution and the use ofa bolus infusion technique
(39) for the application of epidepride, might help to reduce the
variation of the results and to take advantage of the large
potential of this substance, especially for the measurement of
extrastriatal D2 receptors.

CONCLUSION
Epidepride appears to be a suitable ligand for in vivo imaging

of dopamine D2 receptors in basal ganglia disorders. The
striatum-to-cerebellum ratios of â€”1 is about 25 times higher for
epidepride than for IBZM (19.0 compared to 0.7). However,
due to the high interindividual variation of binding in patients
and in controls, this increase did not result in an improved
accuracy in the discrimination between Parkinson's disease and
pakinsonian syndromes in other neurodegenerative disorders.
The large variation ofthe values might be due to imaging under
nonequilibrium conditions and very low counting rates in the
reference region.
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head trauma (10,11). This study reports a comprehensive
analysis of fluorine-18-fluorodeoxyglucose (FDG)-PET studies
performed on head trauma patients. Specifically, we have
determined the presence and laterality ofcerebellar hypometab
olism in relation to primary lesions above the tentorium.

MATERIALS AND METhODS
All patients in this retrospective analysis were participants in an

ongoing study of central nervous system abnormalities that accom
pany severe head injury. Twenty-nine patients (with no history of
previous neurological disorder or head trauma) who sustained head
injury severe enough to require hospitalization were enrolled in this
study. Therefore, there were no inclusion or exclusion criteria for
the analysis reported in this article. All patients underwent radio
graph computed tomography (CT) and/or magnetic resonance
imaging (MRI) and [â€˜8F]FDG-PETimaging to determine the
structural and functional consequences of head injury. Of the 29
patients, 22 were men and 7 were women. The subjects ranged in
age from 18 yr to 59 yr with a mean age of 27 yr. Glasgow coma
scores were assigned to each patient at the time of initial presen
tation to the emergency room. These scores ranged from 3 to 14
with a mean of 9 (15 represents complete consciousness and 3
denotes deep coma). Glasgow coma scores were also determined at
the time of the PET scans; these scores ranged from 4 to 15 with
a mean of 11.

CT images were obtained using a GE 8800 or GE 9800 CT
scanner. Slices were obtained with a thickness of 5 mm in the
majority of patients and no intravenous contrast was used. Mag
netic resonance images were obtained using a GE 1.5 Tesla
superconducting magnet and a multislice spinâ€”echotechnique.
Axial images were generated with a pulse repetition time of
1500â€”2500msec and two echoes (TE 25 and 120 msec) yielding
mixed intensity and T-2 weighted images.

MRI and CT images of the brain were evaluated blindly by a
neuroradiologist. However, no interior intrarater reliability was
determined for either the anatomic or functional images. Anatomic
lesions were identified and recorded. Focal lesions were catego
rized as one of the following: gunshot wound, cortical contusion,
intracerebral hematoma, tissue tear hemorrhage, focal axonal
damage, basal ganglia hemorrhage, secondary infarction, epidural
hematoma, acute subdural hematoma, subacute subdural hema

This study investigates the phenomenon of crossed cerebellar
diaschisis in head injury patients. Methods We visually compared
fluorine-i8-fluorodeoxyglucose(FDG)-PETimagesto radiograph
computedtomographyor magneticresonanceimagesin 19 pa
tients with head injury. Results: We found that of 68 focal unilateral
lesions,40%wereassociatedwithcontralateralcerebellarhypome
tabolism and 19% were associated with ipsilateralcerebellarhypo
metabolism. Of supratentorial, extraparenchymal lesions (n = 20),
45%wereassociatedwithcontralateralcerebellarhypometabolism,
whereas 15% had ipsilateral cerebellar hypometabolism. Intrapa
renchymal lesions were associated with contralateral cerebellar
hypometabolismin38%of thepatientsandwithipsilateralcerebel
lar hypometabolism in 21% of the patients. Of the cortical lesions
that werethe patients'most severeinjury,69% wereassociated
with contralateralcerebellarhypometabolism,whereasonly 8%
were associated with ipsilateralcerebellar hypometabolism. In pa
tients with focal supratentorial lesionsalone,50% of all focal lesions
wereassociatedwith contralateralcerebellarhypometabolismand
13% had ipsilateralhypometabolism.Of patientswith both focal and
diffuse brain injuries, 27% of the focal lesions had contralateral
cerebellarhypometabolismand27% had ipsilateralcerebellarhy
pometabolismto the most severefocal injury.Conclusion: Crossed
cerebellardiaschisis is seenmore often in patientswith focal cortical
or extraparenchymal injuries and is not seen in patients with multiple
or diffusebrain injuries.Furthermore,this predominanceis more
pronounced with lesions of the greatest severity.
Key Words: PET;head injury;cerebellardiaschisis
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Sincetheadventoffunctionalbrainimaging,severalstudies
using PET and SPECT have shown that lesions such as
infarction and tumor in the cerebral cortex are associated with
contralateral cerebellar hypometabolism or hypoperfusion (1â€”
9). The evidence to support a similar pattern secondary to head
trauma has been lacking in the literature. Studies have reported
changes in regional blood flow and metabolism in areas remote
from the original site of injury. We have reported both ipsilat
eral and contralateral cerebella hypometabolism as the result of
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