
diagnose and evaluate patients with idiopathic Parkinson's
disease (1â€”3).â€˜23I-@3-CITbinds with high affinity to dopa
mine transporters located in the presynaptic terminals of the
nigrostriatal dopamine neurons (4) and, therefore, is a
marker of the neurons that degenerate in Parkinson's disease
(1). â€˜23143-CITSPECT studies have shown that not only is

striatal 123I-@3-CITbinding reduced significantly in Parkin
son's disease patients, but its reduction also is regionally

uneven in two ways (1â€”3).First, dopamine transporter
binding shows lateralized differences, being more reduced in
the striatum contralateral to the clinically more affected side.
Second, it is more reduced in the putamen than in the
caudate within the same striatum (2,3). These findings are
consistent with those of pathological studies of Parkinson's
disease, namely, the substantia nigra degenerates asymmetri
cally between the two sides, and the ventrolateral substantia
nigra projecting to putamen degenerates more severely than
the ventromedial striatum projecting to caudate (5,6). In
addition, 123I-@3-CITSPECT may be sensitive enough to
detect subclinical involvement of dopamine projections in
Parkinson's disease (3), because 40%â€”50%losses of these
projections are said to occur before patients develop parkin
sonian symptoms (6). Given the widespread availability of
SPECT, this technique may become a cost-effective clinical
tool for the evaluation of Parkinson's disease patients.

â€˜23I-@3-CITprovides excellent image quality with high
target-to--background ratios as a result of its low nonspecific
binding and high affinity for dopamine transporters (7).
However, for SPECT imaging of dopamine transporters to
be useful, readily accessible and accurate methods are
needed to extract information about the striatal density of
dopamine transporters from image data. SPECT measure
ment of the specific-to-nondisplaceable tissue ratio from a
short scan during 18â€”24h after a bolus injection of
â€˜23I-@3-CITprovides a measure (V's = B,,,@/KDV2) that

reflects the density of dopamine transporters (B,,,@)(7).
Although this quantification method is relatively straight

forward, it requires accurate ways to define and place
regions of interest (ROIs) to measure tracer activities in both
the striatum and reference tissue. This ROI analysis can be

The purpose of this study was to evaluate whether stnatal
morphology on a three-dimensional surface display of 123l_213
carbomethoxy-3@3-(4-iodophenyl)tropane(1@l-@3-ClT)SPECTdata
can be used as a diagnostic index for Parkinson's disease.
Methods: We studied 11 patientswith mild Parkinson'sdisease
and 21 age-matched controls. Triple-head SPECT scans were
acquired for 30 mm at 20 h after injection of 1@l-@3-CIT.We
measured the vertical height of the caudate head (H) and the
length of the long axis of the stnatum (L) on the three
dimensional surface display generated from SPECT data. The
morphometric index of the striatum was defined as L/H. The
power of LJHto discriminate Parkinson's disease and control
groupswas evaluatedby discruminantfunctionanalysisand was
compared with that of region of interest (ROl)-based 1@l-f3-ClT
bindingmeasurements(Vs) and their ratios.Results: The mean
L/H ratios (ipsilateral/contralateral)to the most affected limbs
were (33%/45%) lower in the Parkinson's disease group com
pared with the control group, respectively.All other AOl-based
measuresconfirmedthat dopaminetransporter reductionswere
most severe in the contralateral posterior putamen (a 68%
reductionin Vs). In 1 patientwith a subsequentclinicaldiagnosis
of drug-induced parkinsonism,all SPECT measures were nor
mal.The contralateralputamencontributedmost to the discnmi
natory power, and the contralateral L/H showed the best discnmi
natory power of all SPECT measures. Conclusion: These
results suggest that stnatal morphologyon a three-dimensional
displayof 1@l-@3-ClTSPECTdataprovidesinformationofdiagnos
tic significance for Parkinson's disease. This morphometry can
be done without requiring technically demanding AOl analysis,
and thus this techniquemay be suitablefor routineclinicaluse.
Key Words: 123l-@3-ClT;dopaminetransporters;Parkinson'sdis
ease;dopamineSPECT;stnatalmorphometry
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PECT imaging of dopamine transporters using a cocaine
analog, â€˜23I-2@3-carbomethoxy-3@3-(4-iodophenyl)tropane
(@3-CIT),has shown promise as a clinically useful tool to
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Patient
no. SexAge (y)Duration (y)*H

&V
stageUPDRSTotal MotorMedication (totaldailydoseinmg)1

M51422923Selegiline(10)2
M511224.521Selegiline (10)/trihexyphenidyl(6)3

M531110.58None4
M53229.58.5Selegiline(10)5

M61222113.5None6
M662.52.519.514Selegiline(10)7
F6310233.526.5Amantadine(200)8

F6532.533.526None9
F6712231 7.5Amantadine(200)1

0 F72724523Sinemet (600)/selegiline(10)11
F7412.53524.5NoneMean61.53.12.025.818.7SD8.32.90.410.76.8*Disease

duration.H
&V = HoehnandYahrstage;UPDRS= UnifiedParkinson'sDiseaseRatingScale.

technically demanding and time-consuming for routine
clinical use. Any alternative methods that do not rely on ROl
analysis should facilitate the routine clinical use of l23I@3..
CIT SPECT. Because the reduction of 123I-@3-CITbinding in
Parkinson's disease appears characteristically uneven within
the striatum (2,3), striatal topography of dopamine trans
porter distribution may provide diagnostically significant
information. Furthermore, because this topographic uneven
ness is characterized by the relative differences of 123I-@3-CIT

activity within the striatum, this information may be ob
tamed by using alternative methods that do not rely on ROl
analysis.

In this study, the vertical height of caudate head and the
length of the long axis of the striatum on a three-dimensional
surface display of â€˜23I-@3-CITSPECT data were measured,
because these measurements do not require traditional ROI
analysis. The ratio of these two measurements was then
evaluated as a potential diagnostic index for Parkinson's
disease. To this end, the ability of this morphometric index
to discriminate between Parkinson's disease patients and
healthy controls was compared with that of detailed dopa
mine transporter binding measurements (V@) and their
lateralized asymmetry index as well as their intrastriatal
ratios.

MATERIALS AND METHODS

Subjects
Eleven patients with Parkinson's disease (6 men, 5 women;

mean age 61.5 Â±8.3 y; age range 51â€”74y) were recruited from
referrals to the Movement Disorders Clinic at the Toronto Hospital.
Selection criteria included patients with clinically mild Parkinson's
disease, as assessed by the Hoehn and Yahr Scale (Stage @2.5)and
the Unified Parkinson's Disease Rating Scale (UPDRS) (8) (total
UPDRS scores = 25.8 Â±10.7), who were in the early course of
their illness (duration 3.1 Â±2.9 y) (Table 1). Diagnosis of Parkin
son's disease was made according to the UK Parkinson's Disease

Brain Bank clinical diagnostic criteria (9). Patients with dementia
and other major neuropsychiatric disorders were excluded. Four
were drug-naive, 1 took levodopa plus selegiline and the remaining
6 tooknondopamimeticantiparkinsonianmedication(Table1).
Those on drug treatment discontinued their drugs for at least 12 h
before commencement and until completion of the 123I-@3-CIT
SPECT studies. All UPDRS scores shown in Table I were obtained
before SPECT studies, when the drug-treated patients had been off
medication for at least 12 h.

One patient (patient 4, Table 1) stands apart from the other
patients in that the diagnosis of Parkinson's disease in this patient
subsequently has been refuted. At the time of recruitment, this
patient had mild but definite parkinsonian features (rest tremor and
rigidity). In retrospect, however, these may have been due to
previous flunarizine use as part of migraine therapy for 2 y, which
the patient had discontinued 1 mo before initial evaluation. On
follow-up 4 mo after SPECT scans (performed 1.5 y after
flunarizine withdrawal), neurological examination revealed only
questionable reduction in right-arm swing and a mild postural
tremor but no other abnormalities. Therefore, although this patient
was classified as having Parkinson's disease and was included in
this study, the diagnosis was not supported on subsequent clinical
evaluation, the subsequent diagnosis being flunarizine-induced
parkinsonism.

Twenty-one mean-age-matched healthy subjects (12 men, 9
women; mean age 65.8 Â±9.6 y; age range 48â€”83y) served as
controls. None of the controls had a current or past history of
neuropsychiatric disorders or a family history of movement
disorders, based on a screening interview. All were free of drugs for
at least 3 mo before the study.All control subjects had normal MRI
of the head, normal electroencephalogram and normal Mini Mental
Status Examination (10). These control subjects were evaluated for
extrapyramidal motor function by using Part HI (motor) of the
UPDRS. None had significant extrapyramidal deficits as deter
mined by previously published criteria (resting tremor 1 and/or
rigidity 2) (11). All patients and healthy subjects gave written
informed consent. The project was approved by the Human
Subjects Review Committee of the University of Toronto.

TABLE 1
Demographic Characteristics of Patients with Parkinson's Disease
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Labeling of â€˜@I-f3-CIT
Labeling of â€˜23I-@3-CITwas performed using the corresponding

trimethylstannyl precursor and â€˜231-NaIas described previously
(12). The radiochemical yield was 54.9% Â± 11.1%, and the

radiochemical purity was 98.3% Â±1.8%. Retrospective sterility
testing was negative.

SPECT Imaging
Imaging was performed using a triple-head SPECT system

(Prism 3000XP; Pickerlnternational, Inc., Cleveland, OH) equipped
with high-resolution fanbeam collimators and interfaced to a
dedicated computer (Odyssey VP; Picker International, Inc., Cleve
land, OH). Scans were acquired every 5 mm for 30 mm, beginning
at 20 Â±1.5 h after a bolus intravenous injection of 254 Â±64 MBq
â€˜23I-@3-ClT.For each scan, I20 7.5-s projection images were
obtained using 3Â°-angleintervals on a 128 X 128 matrix over 360Â°
by rotating each head 120Â°.The radius of rotation was fixed at 13.5
cm. Four fiducial markers containing 1.5MCi @Â°@Tcwere taped, two
on each side of the subject's head, at the level of the canthomeatal
line (CML). Full width at half maximum of the system was 11.2
mminwateratthecenterof thefieldof view.Themeansensitivity
of the system was 994 Â±24 cpm.4iCiand varied less than 1.6% and
2.5% within and between the experiments, respectively. Before
the â€˜23I-@3-CITstudy, subjects were given 400 mg of potassium
perchlorate orally.

SPECT images were reconstructed on a 128 X 128 matrix. One
pixel-thick (2. 17-mm) transaxial slices from the vertex of the brain
to the level of the CML, as identified by the fiducial markers, were
reconstructed parallel to the CML using a three-dimensional
Butterworth postreconstruction filter (order 10, cutoff frequency
0.25 cycles/pixel), after applying a ramp backprojection filter.

Attenuation correction was performed by assuming uniform attenu
ation equal to that ofwater (p = 0.15 cm @)within an ellipse drawn
around the skull, as identified by the fiducial markers.

Image Data Analysis
To obtain an index that reflects the topographic distribution of

â€˜23I-@3-CITactivity within the striatum without resorting to ROl
analysis, the greatest vertical height ofthe caudate head (H) and the
greatest length of the long axis of the striatum (L) on the
three-dimensional surface display of 123I-@3-CITSPECT data were
measured (Fig. 1A). The morphometric index of the striatum was
defined as LJH. The three-dimensional surface images were
generated from transaxial SPECT data using the previously de
scribed method (13). In our preliminary evaluation ofIJH measure
ments at predefined three-dimensional surface threshold values
(40%â€”70%in 5% increments), the LJH ratio was relatively stable
across the different threshold values (Fig. 2A), and the threshold
values between 50% and 60% resulted in maximum (26%) and
minimum (6%) values of intersubject coefficients of variation in
LJH measurements in the patients and controls, respectively (Fig.
2B). The surface threshold value was therefore set at 55% in this
study. This threshold value of 55% generated three-dimensional
surface images consisting of only the dopamine transporter signal
from the striatum, eliminating the serotonin transporter signal from
the thalamic or midbrain region.

To comparethepowerof LIH to discriminatebetweenParkin
son's disease patients and control groups with that of traditional
ROI-based measurements, we measured the â€˜23I-@3-CITbinding
parameter (V@), lateraliz@d V@,asymmetry index (Al) and two
intrastriatal V@'ratios, apterior putamen-to-caudate (AP/CD) and
posterior putamen-to-caudate (PP/CD) V@ratios. CD, AP and PP

A B ft@

. .@ . ..

FIGURE1. (A)Three-dimensionalsurfacedisplayofIeftstnatumshowstypicalverticalheight(H)ofcaudateheadandlength(L)of
long axis of stnatum (lateralobliqueview). (B)Transverse123l-f@-ClTSPECTimageshowstypical AOl sets. A = right; L = left; FC =
frontalcortex; ST = stnatum;CD = caudate;AP = anteriorputamen;PP = posteriorputamen.
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were measured separately, because postmortem study has indicated
that within the striatum there is also an uneven topographic
gradient of dopamine loss in which the posterior putamen is more
severely affected than the anterior putamen, which is in turn more
affected than the caudate (14). V'@was calculated as the specific-to
nondisplaceable â€˜23I-@3-CITactivity ratio using the frontal cortex as
the nondisplaceable region, according to the method described
previously (7). Al was defined as the difference of V@values
between ipsilateral and contralateral sides, expressed as percentage
of the mean of the two. For the patient group, â€œcontralateralâ€•was
defined as the side contralateral to the most affected limbs or the
side showing the lowest V@values when the limbs were affected
equally on both sides. For control subjects, â€œcontralateralâ€•was
arbitrarily assigned to the left side on the basis of our normal
control data, which showed no significant lateralized differences in
the outcome measures, LIH, V@or intrastriatal V@ratios.

To measure V'@for CD, AP and PP separately, ROIs were defined
and placed by using a modification of our previously reported
method (15). The modification consisted of placing two separate
ROIs for putamen and six small ROIs fitted within the reference
ROI (frontal cortex), the latter to improve count losses from partial
volume effects. In brief, ROIs were placed using predefined
templates on a summed image (0.868 cm thick) through the middle
of the striatum in two steps (Fig. 1B). First, ROIs were placed over
the whole striatum (volume 3.00 cm3) in each hemisphere and the
frontal cortex (volume 8.85 cm3), respectively. Second, ROIs for
three striatal subregions, CD head (volume 0.83 cm3),AP (volume
0.66 cm3) and PP (volume 0.94 cm3), were fitted within the
striatum, and six circular ROIs (total volume 3.00 cm3) were fitted
within the frontal cortex. ROI placement was aided by the
stereotactic brain atlas (16). To eliminate interoperator variation,
the same individual applied all ROIs. The mean coefficient of
intraoperator variability in the measurement of V'@was 3.3% Â±
0.6%.

StatisticalAnalysis
The single patient (patient 4) in whom drug-induced parkinson

ism was subsequently diagnosed was excluded from the statistical
analyses. Because all 15 outcome measures, namely, L/H, V@(CD,
AP and PP), Al (CD, AP and PP) and intrastriatal V@ratios (AP/CD
and PP/CD), each set consisting of ipsilateral and contralateral
except for A!, were normally distributed (Kolmogorov-Smimov
test for normality, P > 0.10), parametric statistical tests were used
in this study. Hotelling's T@(a multivariate test) and 2-tailed
Student t tests for unpaired samples were performed to compare the

15 outcome measures between the Parkinson's disease and control
groups. Two-tailed Student t tests for paired samples were per
formed for within-group comparisons of outcome measures be
tween ipsilateral and contralateral sides and between ipsilateral or
contralateral substriatal regions, respectively. Multiple t test corn
parisons were corrected by Bonferroni's method. The power of
each outcome measure to discriminate between patient and control
groups was evaluated by calculating partial Wilks X by performing
discriminant function analysis (17). This statistic is an estimate of
the unique contribution of the respective variable to the discnrnina
tion between groups. Lower values of partial Wilks )s.denote a more
unique discriminatory contribution. Additionally, discriminant func
tion analysis was used for post hoc predictive classification of the
group membership of cases. Those UPDRS motor scores that
pertain to extremities were separated into ipsilateral and contralat
eral sides. The relationships between SPECT measures (IJH, V@
and intrastriatal V@ratios) and these lateralized motor UPDRS
scores were determined by linear regression analysis. Statistical
significance was defined as P < 0.05. Summaries ofstudy variables
were expressed as mean Â±SD. All statistical analyses were
implemented in STATISTICA(StatSoft, Inc., Tulsa, OK).

RESULTS

The group of patients with Parkinson's disease (excluding
patient 4) and the control group were significantly different
in their overall outcome measures (F15,15= 75, T@= 2178,
P < l0-@, Hotelling's T@)and all 15 t tests showed signifi
cantly different mean outcome measure values in the group
with Parkinson's disease compared with the control group
(P < l0@). A summary of the mean values of all outcome
measures in the Parkinson's disease and control groups is
shown in Table 2. The mean L/H ratios (ipsilateral/
contralateral) were (33%/45%) lower in the Parkinson's
disease group than in the control group, respectively
(P < l0@), with the contralateral side showing more reduc
tions compared with the ipsilateral side (P < 0.05).

The mean V'@values (ipsilateral/contralateral) for CD, AP
and PP were (32%/43%), (43%/S 1%) and (60%/68%) lower
in patients with Parkinson's disease than in the control
group, respectively (P < 1O@). These reductions in the
mean V'@values were more marked in the contralateral side
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than in the ipsilateral side (P < 0.05). These lateralized
differences were reflected in the higher mean Al values for
the Parkinson's disease group (all positive) compared with
the control group (P < 1O@). In addition, the mean reduc
tions of V'j in the PP of patients with Parkinson's disease
were more marked than in the AP, and the mean reductions
of V'@in the latter in turn were more marked than in the CD
on both ipsilateral and contralateral sides (P < lOs). De
creased â€˜23I-@3-CITactivity, particularly in the contralateral
putamen of a patient with Parkinson's disease (patient 3) is
illustrated in Figure 3 (top row), using selected three
dimensional surface display and tomographic images, con
trasted with the corresponding images (bottom row) of an
age-matched control.

The mean AP/CD (ipsilateral/contralateral) and PP/CD
(ipsilateral/contralateral) V'@ ratios were (16%114%) and
(40%/43%)lowerinthegroupwithParkinson'sdiseasethan
in the control group, respectively (P < lOs). Although
there were no significant lateralized differences in the mean
reductions of these intrastriatal V'@ratios (P > 0.4), the
mean reductions in PP/CD were more marked compared
with AP/CD for both ipsilateral and contralateral sides
(P < lOs). In the control group, there were no lateralized
differences of L/H, V'@or intrastriatal V'@ratios (P > 0.06).

In all patients excluding 1 (patient 4), 7 (contralateral
L/H, contralateral CD V@, contralateral AP V@, PP V'@
bilaterally and PP/CD V'@ratios bilaterally) were all below
the control range. In contrast, the remaining outcome
measures showed overlap with the control group (Figs. 4 and
5). In patient 4, with the subsequent clinical diagnosis of

drug-induced parkinsonism, all outcome measures were
within the control range (Figs. 4 and 5).

All discriminant function analyses were highly significant
(F values ranging from 20 to 268 and P < l0@ for all
subjects, Table 2). The partial Wilks X values ranged from
0.098 to 0.592, and the percentage values of subjects
correctly classified into the respective groups ranged from
84% to 100%, indicating relatively good ability of all
outcome measures to discriminate between the Parkinson's
disease and control groups (Table 2). In particular, the
discriminatory powers of contralateral IJH, contralateral PP
vt;, contralateralPP/CDV'@ratio,ipsilateralPPVâ€•@and
contralateral AP V@,in the order of decreasing discrimina
tory power (or increasing values of Wilks X, Table 2), were
excellent, with 100% of subjects correctly classified post
hoc into the respective groups. On the other hand, Al showed
the least discriminatory power (84%â€”90%of subjects were
correctly classified into the respective groups, Table 2), and
the discriminatory power of the remaining measures was
intermediate to the other two. Thus, the contralateral puta
men contributed most to the discriminatory power, which
was well reflected in the measure, LIH. The contralateral
IJH,infact,showedthebestdiscriminatorypowerofall
outcome measures.

The lateralized motor UPDRS scores negatively corre
lated with V@ measures for all three striatal subregions, CD
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BA

left FIGURE 3. Three-dimensionalsurface
displays (A, B, D and E) and 1ml@@3@ClT
SPECT images (C and F) of 53-y-old patient
with Parkinson'sdisease(top row)and age
matched healthy individual (bottom row).
Surfacedisplays demonstratetruncation of
putamen,degreebeingmoremarkedon left
than right for patient (A and B) compared
with healthy subject (D and E). Patient
(patient3)hadclinicallyunilateralparkinson
ism. Patient's topographical abnormalities
of stnatum are also apparent on SPECT
image(C).

right left left

D F:
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(r â€”0.50, P 0.03), AP (r â€”0.46, P 0.04) and PP

(r â€”0.59, P = 0.007). There was a trend toward a similar

linear relationship between the lateralized UPDRS scores
and the LIH measure, but this did not reach statistical
significance (r = â€”0.40, P = 0.08). On the other hand,
there was no significant correlation between the lateralized
UPDRS and intrastriatal V'@measures.

DISCUSSION

The results of this study demonstrated that the ratio of
morphological dimensions of the striatum measured on a
three-dimensional display of â€˜23I-@3-CITSPECT data can be
used to discriminate between patients with early Parkinson's
disease and healthy controls. The discriminatory power of
this morphometric index of the striatum derives from the
characteristic reductions of 123I-@3-CITbinding in the contra

lateral putamen of patients with Parkinson's disease. Be
cause the three-dimensional surface displays were generated
from 123I-@3-CffSPECT data acquired during the protracted
equilibrium phase, the only known major factor that influ
ences this morphometric index is the dopamine transporter

density gradient between the CD and putamen. The method
presented here provides information on the uneven intrastria
tal topography of dopamine transporter binding without
requiring traditional ROI analysis. Therefore, this simple
approach may facilitate the routine use of 123I-@3-CflSPECT
as a tool to aid accurate diagnosis and evaluation of patients
with Parkinson's disease.

The accurate diagnosis ofParkinson's disease is important
not only for counseling and management of patients but also
in conducting pharmacological and epidemiological studies.
Traditionally, diagnosis of Parkinson's disease has been
clinical. However, in the detailed clinico-pathological study
reported by Hughes et al. (9), 24 of 100 cases with an
antemortem clinical diagnosis of typical Parkinson's disease

were found to have other diseases at postmortem examina
tion. Conversely, patients with atypical clinical features may
turn out to have typical pathological findings of Parkinson's
disease (18). Therefore, any tests that can reduce diagnostic
inaccuracy should have an important effect not only on
practical management of patients with Parkinson's disease
but also on progress in research on Parkinson's disease,

FIGURE4. Scatterdiagramsof individual
values of L/H (A) and intrastriatal V'@ratios
(B) for Parkinson's disease patients corn
pared with healthy subjects. L/H = stnatal
length/caudate height; AP/CD = anterior
putarnen/caudate;PP/CD = posteriorputa
rnen/caudate; ipsi = ipsilateral; contra =
contralateral.Healthysubjectsand patients
are indicated by hollow and solid symbols,
respectively.+ indicates values for patient
4, who had drug-induced parkinsonism.
Horizontal bars indicate mean value for
respectivegroup.
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especially if the test can be made widely available. This
study, as well as those of others (1â€”3),suggests that SPECT
imaging of dopamine transporters may serve as one such
test, although the ultimate accuracy of SPECT scan diagno
sis of Parkinson's disease must be evaluated against the
pathological diagnosis.

The clinically misdiagnosed cases in the studies reported
by Hughes et al. (9) and Rajput et al. (19) included cases of
progressive supranuclear palsy (PSP), multiple system atro
phy (MSA), Alzheimer's disease, Alzheimer-type pathology,
vascular disease, essential tremor, drug-induced parkinson
ism and others. Previous â€˜23I-@3-CITSPECT studies have

shown that striatal dopamine transporter binding is also
decreased in patients with PSP or MSA (20,21). On the other
hand, SPECT studies using â€˜231-iodobenzamidehave shown
reductions in striatal dopamine D2 receptor binding in
patients with PSP or MSA (22) but no such reductions in
patients with Parkinson's disease (23). Therefore, SPECT
imaging of dopamine D2 receptors may be a promising
complementary technique for the differential diagnosis of
parkinsonism.

Of interest in this study is the 1 patient (patient 4) in
whom all â€˜23I-@3-CITimaging measures were normal. This
patient also had normal SPECT imaging of D2 receptors
using â€˜231-iodobenzofuranat our institution (data not shown).
Subsequent clinical evaluation, supported by the SPECT
scan results, caused us to refute the original diagnosis of
Parkinson's disease in this patient. The patient probably had
flunarizine-induced parkinsonism. He continues to demon
strate a postural tremor. It has been suggested that preexist
ing essential tremor may predispose individuals to the
parkinsonism induced by this class of drugs (24). In
drug-induced parkinsonism, the presynaptic dopamine path
ways are expected to be intact unless complicated by
underlying nigral dysfunction (25). Therefore, the experi

ence of this case emphasizes the potential value of this
imaging tool in the diagnosis of Parkinson's disease.

These findings of decreased striatal V'@values, particu
larly in the contralateral putamen of patients with Parkin
son's disease compared with normals, as measured by
â€˜231-13-CITSPECT, confirm those of others (2,3). In our
patients, the mean V'@values for contralateral CD, AP and PP
were 3.78, 3.59 and 1.93, respectively. These values gener
ally agree with those reported by Seibyl et al. (2) (CD = 4.71
and putamen = 2.29, contralaterally, using a single ROI for
putamen). However, our slightly lower V'@values, despite
the fact that the mean ages ofpatients in the two studies were
similar (62 y versus 63 y) and our patients were milder in
their clinical severity than those in the latter study, probably
are the result of methodological differences between the two
studies. Specifically, ROI size significantly affects the mag
nitude of V'@measurements as a result of differences in
partial volume effects, as we previously reported for 1231
iodobenzofuran dopamine D2 receptor SPECT imaging
(15). Therefore, another advantage of the use of three
dimensional displays may be their independence from ROI
size. However, the morphometric technique described in this
study is probably of limited use in certain other causes of
parkinsonism, such as PSP, in which the changes in the

dopamine projections to the striatum are more uniformly
affected (26). In addition, this morphometric analysis may
be complicated in the evaluation ofpatients with Parkinson's
disease with mesencephalic tissue implantation, in which
striatal dopamine transporters result in patchy increases.

Another important factor in comparing â€˜23I-@3-Cffbinding
measurements between patients and controls is the age
effects of these measurements. 123I-@3-CITbinding has been
shown to decline with increasing age (27). This will
contribute to the intersubject variability of V'@measure
ments. In this study, the intersubject variability of V'j for the

536 Ti@mJOURNALOFNUCLEARMEDICINEâ€¢Vol. 40 â€¢No. 4 â€¢April 1999

A0
A

++i4
IpsiContra

+ + A

@0

IpsIContra

A ea



control group expressed as coefficients of variation were
significantly larger (1 1%â€”13%)than those of L/H (6%) and
the intrastriatal V'@ ratios (4%â€”6%). These differences
suggest that the age effects on V'@may be similar across the
striatal subregions and may contribute to the slightly greater
discriminatory power of LJH and intrastriatal V'@ratios
compared with V'@in this study. However, the L/H may be of
limited use in normal aging studies.

Our finding of the uneven dopamine transporter deficits
within the putamen is consistent with the postmortem
finding that there is an uneven topographic gradient of
dopamine loss, the PP being more severely affected than the
AP (14). Momsh et al. (28) reported a detailed in vivo study
to investigate regional changes in dopamine metabolism
within the striatum with clinical progression of Parkinson's
disease, using coregistration of â€˜8F-dopaPET and MRI.
These investigators found that dopamine metabolism in the
putamen decreases with increasing clinical severity, the
regional pattern of deficits within the putamen progressing
along the dorso-ventral as well as the caudo-rostral gradi
ents. Thus, early in the disease course, dopamine metabo
lism is focally decreased in the most posterior (dorso
caudal) portion ofthe putamen. As clinical severity increases,
loss of focal dopamine metabolism spreads in the ventral
and rostral (anterior) direction. In this study, however, there
was no significant correlation between the clinical severity
(the lateralized UPDRS score) and our morphometric index,
although there was a trend toward a linear relationship. On
the other hand, the lateralized motor UPDRS scores nega
tively correlated with V'@measures for all three striatal
subregions, which is consistent with the finding of the
â€˜23I-f3-CITSPECT study reported by Seibyl et al. (2).
Therefore, the use of the L/H ratio in longitudinal disease
progression studies may be limited, although it appears
promising as a diagnostic tool for Parkinson's disease. In
addition, the findings reported by Morrish et al. (28) suggest
that more detailed topographical analyses of the striatum on
â€˜23I-@3-CITSPECT than reported in this study, preferably
incorporating coregistered MRI-defined striatal morphol
ogy, may also predict the underlying clinical severity of
Parkinson's disease, which is typically masked by the
symptomatic effects of antiparkinsonian medication.

CONCLUSION

Striatal morphology on a three-dimensional display of
â€˜231-13-CITSPECT data provides information of diagnostic
significance for Parkinson's disease. This morphometry can
be done without requiring technically demanding ROI
analysis, and thus this technique may be suitable for routine
clinical use.
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