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Subregional Patterns of Preferential Striatal Dopamine
Transporter Loss Differ in Parkinson Disease, Progressive
Supranuclear Palsy, and Multiple-System Atrophy

Minyoung Oh!, Jae Seung Kim', Ji Young Kim!, Kwang-Ho Shin!, Seol Hoon Park!, Hye Ok Kim', Dae Hyuk Moon',

Seung Jun Oh!, Sun Ju Chung?, and Chong Sik Lee?

!Department of Nuclear Medicine, Asan Medical Center; College of Medicine, University of Ulsan, Seoul, Korea; and >Department of
Neurology, Asan Medical Center, College of Medicine, University of Ulsan, Seoul, Korea

Parkinson disease (PD), progressive supranuclear palsy (PSP),
and multiple-system atrophy (MSA) are known to affect dopa-
minergic neurons of the brain stem and striatum with different
preferential involvement. Here we investigated differences in
striatal subregional dopamine transporter loss in PD, PSP, and
MSA and assessed the diagnostic value of '8F-fluorinated-N-3-
fluoropropyl-2-B-carboxymethoxy-3--(4-iodophenyl)nortropane
("8F-FP-CIT) PET in differentiating PSP and MSA from PD.
Methods: Forty-nine patients with PD, 19 patients with PSP,
24 patients with MSA, and 21 healthy people (healthy controls)
were examined with '8F-FP-CIT PET. The PET images were
spatially normalized and analyzed with 12 striatal subregional
volume-of-interest (VOI) templates (bilateral ventral striatum
[VS], anterior caudate [AC], posterior caudate, anterior puta-
men, posterior putamen [PP], and ventral putamen [VP]) and 1
occipital VOI template. The nondisplaceable binding potential
(BPnp) and intersubregional ratio (ISR; defined as the ratio of the
BPnp of one striatal subregion to that of another striatal sub-
region) of subregional VOIs were calculated. Results: The BPyp
of all VOIs in the PD, MSA, and PSP groups were significantly
lower than those in the healthy controls (P < 0.05). The BPyp of
AC and the AC/VS ISR in the PSP group were significantly lower
than those in the PD group. The BPyp of VP was significantly
lower, but the PP/VP ISR was significantly higher in the MSA
group than in the PD group. At the cutoff value for the AC/VS
ISR (<0.7), the sensitivity and specificity for differentiating PSP
from PD were 94% and 92%, respectively. At the cutoff value
for the PP/VP ISR (>0.65), the sensitivity and specificity for
differentiating MSA from PD were 90% and 45%, respectively.
The diagnostic accuracy of visual analysis was similar to that of
quantitative analysis for differentiating PSP from PD but was
significantly higher for differentiating MSA from PD. Conclu-
sion: Compared with PD, PSP and MSA showed more prom-
inent and earlier dopamine transporter loss in the AC and VP,
respectively. These findings could be useful for suggesting PSP
or MSA in parkinsonian cases without characteristic atypical
features.
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Parkjnsonian disorders have clinically similar features
characterized by akinesia with resting tremor, rigidity, or
postural instability (/) but exhibit pathologically distinct
features (2). Idiopathic Parkinson disease (PD), the most
common, is slowly progressive and responsive to L-3,4-di-
hydroxyphenylalanine. Atypical parkinsonian disorders
(APD), such as progressive supranuclear palsy (PSP) and
multiple-system atrophy (MSA), which also account for
a significant proportion of parkinsonian cases (3), exhibit
a rapidly evolving and fatal neurodegenerative course (4,5).
Nevertheless, the majority of patients with APD have clin-
ical features that overlap those of PD. A major concern in
differentiating parkinsonian disorders is early diagnosis,
particularly at a stage of disease evolution when interven-
tion is likely to be most effective. Consequently, making an
accurate diagnosis is critical, not only for choosing treat-
ment regimens (6) and assessing prognosis (7) but also for
understanding pathogenesis and developing new therapeu-
tic strategies (8). Although the definition of PD is in an
active state of evolution, it mainly requires the histologic
demonstration of intraneuronal Lewy body inclusions in the
nervous system (9)—a test that is clearly impractical during
a patient’s life. The application of less sensitive clinical
criteria (/0) based on retrospective clinicopathologic stud-
ies only intensifies the confusion. Consequently, the diag-
nosis of parkinsonian disorders continues to be challenging,
with misdiagnosis rates of 20%-30% in early stages (/7).

Numerous efforts have been made to improve the
diagnostic accuracy of tests used to discriminate APD from
PD. Functional imaging techniques such as both pre- and
postsynaptic dopaminergic SPECT or PET and '8F-FDG
PET have been studied for their potential ability to differ-
entiate APD from PD (12,13).
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To date, dopamine receptor imaging and '8F-FDG PET
have shown promise in distinguishing among parkinsonian
disorders. Presynaptic dopamine transporter (DAT) imag-
ing, in contrast, has not proved as useful as dopamine re-
ceptor or '8F-FDG imaging in differentiating APD from
PD, although it is useful in ruling out essential tremor,
drug-induced parkinsonism, vascular parkinsonism, and
Alzheimer disease because it reveals significant striatal
DAT loss in both PSP and MSA as well as PD (/4,15).

I8F-fluorinated-N-3-fluoropropyl-2--carboxymethoxy-3-
B-(4-iodophenyl)nortropane ('®F-FP-CIT) PET/CT, which
has recently become available for DAT imaging in clinical
practice, has better spatial resolution and more sophisticated
attenuation correction than SPECT (/6). Thus, it is possible
to use '8F-FP-CIT PET to evaluate subregional changes in the
striatal DAT (/7) and to differentiate parkinsonian disorders
on the basis of the more asymmetric and pronounced loss of
the posterior putamen (PP) in PD than in APD (/4,15).

The purposes of this study were to investigate differences
in subregional DAT loss in PD, PSP, and MSA and to
establish the diagnostic value of '8F-FP-CIT PET in differ-
entiating PSP and MSA from PD.

MATERIALS AND METHODS

Subjects

Nineteen patients with clinically probable PSP, 24 patients with
clinically probable MSA, and 49 patients with PD at various
Hoehn—Yahr stages were enrolled in this study. The diagnosis of
PD was based on UK Parkinson’s Disease Society Brain Bank
Clinical Diagnostic Criteria (/8). Patients with clinically probable
PSP (the classic Richardson syndrome) and MSA (parkinsonian
type) were enrolled on the basis of current diagnostic criteria
(4,19). All patients were assessed by a neurologist specializing
in movement disorders. Their medical records were available.
The severity of motor symptoms was evaluated with the motor
portion of the Unified Parkinson Disease Rating Scale, Part III
(UPDRS III), immediately before PET and after antiparkinsonian
drugs had been discontinued for at least 12 h (considered ‘“‘off
medication”).

Twenty-one healthy people (healthy controls) (>40 y old) were
selected from among a normal '8F-FP-CIT PET data pool main-
tained at our institution. Healthy controls had no neurologic or
psychologic diseases. This study was approved by the institutional
review board, and written informed consent was obtained from
each subject.

Radiopharmaceutical Synthesis

I8F-FP-CIT was synthesized with a protic solvent (¢-butanol or
t-amyl alcohol) as a reaction solvent and N-[3’-(tosyloxy)propyl]-
2B3-carbomethoxy-3B-(4'-iodophenyl)nortropane as a precursor
(20). The radiochemical yield (mean = SD) was 42.5% * 10.9%
(decay corrected), the radiochemical purity was greater than 98%
after purification by high-performance liquid chromatography,
and the specific activity was 64.4 = 4.5 GBq/pumol at the end
of synthesis.

PET/CT
I8F-FP-CIT PET was performed with a Biograph 40 TruePoint
PET/CT camera (Siemens/CTI), which provides an in-plane spatial
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resolution of 2.0 mm full width at half maximum at the center of the
field of view. All subjects had fasted for at least 6 h, and antipar-
kinsonian drugs had been stopped 12 h before the scans were
obtained. Image acquisition was started 3 h after intravenous in-
jection of BF-FP-CIT (185 MBq). Emission PET data were ac-
quired for 10 min in the 3-dimensional mode after brain CT,
which was performed in the spiral mode at 120 kVp and 380
mAs (reference standard) with the CARE Dose 4D program. '8F-
FP-CIT PET images were reconstructed from CT data for attenua-
tion correction by use of the TrueX algorithm and an all-pass filter
with a 336 x 336 matrix.

Quantitative Analyses

Image processing was performed with SPM2 (Wellcome De-
partment of Imaging Neuroscience, Institute of Neurology,
University College London) within MATLAB 6.5.1 for Windows
(The MathWorks, Inc.) and MRIcro version 1.37 (Chris Rorden,
Columbia, SC, USA. www.mricro.com).

Quantitative analyses were based on volumes of interest
(VOIs), which were defined on the basis of a template in standard
space. All reconstructed PET images were spatially normalized to
Talairach space by use of a standard '8F-FP-CIT PET template,
which was made in-house from '3F-FP-CIT PET and T1-weighted
MR images of 13 healthy controls (4 men and 9 women; 55.2 *
9.2 y old; age range, 41-70 y) as described previously to remove
intersubject anatomic variability (27). Images of patients were
reoriented so that the striatum contralateral to the symptomatic
side was on the left side of the brain. If no laterality was present,
then the anatomic left became the more affected side.

Twelve VOIs of bilateral striatal subregions and one occipital
VOI were drawn manually on a coregistered, spatially normalized,
single T1-weighted MRI and '8F-FP-CIT PET template image by
an experienced nuclear medicine physician specializing in nuclear
neurology. The VOI for the ventral striatum (VS) was defined on
the basis of previously defined criteria (22); the caudate nucleus
and putamen were further divided into 5 subregions: anterior
caudate (AC), posterior caudate (PC), anterior putamen (AP), PP,
and ventral putamen (VP). The boundary point between the AC and
the PC and between the AP and the PP was the anterior commissure
coronal plane. The boundary point between the PP and the VP
was the anterior—posterior commissure transaxial plane. The outer
boundaries of the striatal subregions were visually determined from
the characteristic increased activity of the striatum, which readily
distinguished these subregions from extrastriatal structures (Fig. 1).

The VOI template in the standard stereotactic space was
automatically applied directly to the spatially normalized in-
dividual PET images to analyze striatal '®F-FP-CIT binding.

The activity concentration in each VOI was calculated. The non-
displaceable binding potential (BPyp) was defined as follows: (mean
standardized uptake value [SUV] of striatal subregional VOI — mean
SUV of occipital VOI)/mean SUV of occipital VOI. The age-corrected
normalized BPxp (%BP) was defined as follows: 100 X (BPyp for
patient/BPyp for age-matched healthy control). The intersubregional ra-
tio (ISR) was defined as the ratio of the BPyp of one striatal subregion
to that of another striatal subregion. The ISRs for the anteroposterior
gradient (AP/PP, AC/PC, and PP/AC), the ventrodorsal gradient
(AC/VS, AP/VS, AC/AP, PP/VP, and PC/VP), and the asymmetry
of the BPyp for each of the 6 striatal subregions were calculated.

Visual Analysis
For visual interpretation, '®F-FP-CIT PET/CT images were dis-
played as a series of 148 transaxial slices scaled to a common
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FIGURE 1. Diagram of age-corrected, nor-

Less affected side

maximum in a standard color scale on a dedicated workstation
(Singo; Siemens). All PET images were compared visually. First,
they were independently classified as PD, PSP, or MSA; next, they
were assigned as PSP (or MSA) versus PD by 3 nuclear medicine
physicians who were completely unaware of the clinical informa-
tion. A training session had been organized for learning typical
images (Fig. 2) of each disease entity on the basis of the results of
the VOI analysis.

Statistical Analyses
Continuous variables among groups were compared with 1-way
ANOVAs. The Bonferroni correction was applied to a post hoc

More affected side
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malized %BP of striatal subregions on 18F-
FP-CIT PET for PD (A), PSP (B), MSA (C),
and healthy controls (D).

analysis of between-group comparisons. For multiple comparisons
of BPyp and %BP, a P value of less than 0.008 (0.05/6) was
chosen. For ISRs, a P value of less than 0.004 (0.05/12) was
chosen. For comparisons of %BP among groups, BPyp values
were age corrected by fitting each patient’s data to a regression
line calculated from a sample of 21 healthy controls and were
expressed as percentages of control values for each striatal
subregion as previously reported (23). A receiver-operating-
characteristic curve analysis was used to select the most significant
ISR for discriminating APD from PD. Pearson correlation analyses
were used to identify the correlations between ISRs and clinical
parameters. For visual analysis, agreement was measured between

FIGURE 2. Representative ratio (regional
VOI to occipital VOI) parametric axial
images at level of anterior—posterior com-
missure, coronal image at level 7 mm ante-
rior to anterior commissure, coronal image
at level 17 mm posterior to anterior commis-
sure, and maximume-intensity-projection im-
age from 18F-FP-CIT PET of healthy controls
(A) and PD (B), PSP (C), and MSA (D)
groups. (B) PET images of patients with PD
showed typical preferential DAT loss in dor-
sal PP. Note relative sparing of DAT loss in
VP (arrow). (C) PET images of patients with
PSP showed preferential DAT loss in cau-
date nuclei as well as in putamen. (D) PET
images of patients with MSA showed pref-
erential DAT loss in VP as well as in dorsal
PP.

401


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 13, 2017. For personal use only.

readers, and the Fleiss k coefficient was used to evaluate overall
agreement. The McNemar test was used to compare significant differ-
ences between quantitative analysis and visual analysis. A P value of
less than 0.05 was considered statistically significant.

Data for the study variables were expressed as mean * SD. We
used SPSS version 17.0 (SPSS Inc.) and SAS 9.1 (SAS Institute
Inc.) software.

RESULTS

The clinical characteristics of the patients with PD, PSP,
and MSA and the healthy controls are summarized in Table
1. There were no significant differences in sex, duration of
symptoms, or UPDRS III scores among the disease groups.
Patients in the PSP and MSA groups had more advanced
Hoehn—Yahr stages than patients in the PD group (P <
0.001 for both PSP and MSA).

VOI Analysis

Data from 5 cases (1 PD, 2 PSP, and 2 MSA) for which
IBF-FP-CIT PET images showed visually evident misregis-
tration with predefined VOI templates after spatial normal-
ization were excluded from the VOI analysis.

BPyp and age-corrected %BP values for all bilateral
striatal subregions in the PD, PSP, and MSA groups were
significantly lower than those in the healthy controls (P <
0.001) (Table 2 and Fig. 2). A post hoc analysis revealed
that BPNnp and age-corrected %BP values for the whole
striatum and several subregions in the PSP group were
significantly lower than those in the PD group (P < 0.001).

The ISRs for the anteroposterior gradient, ventrodorsal
gradient, and asymmetry in the PD, PSP, and MSA groups
and healthy controls are shown in Tables 3 and 4. The PP/
AC ISR (anteroposterior gradient) in the PD group was
significantly lower than those in the healthy controls and
the PSP group. The asymmetry of striatal BPyp values was
significantly different only for PP in the PD group and the
healthy controls (P < 0.001).

Among the ISRs suggesting a ventrodorsal gradient, the
AC/VS ISR in the PSP group was significantly lower than
that in the PD group (0.5 = 0.2 vs. 1.0 = 0.2 on the more
affected side [P < 0.001]; 0.5 = 0.3 vs.1.0 = 0.2 on the
less affected side [P < 0.001]) (Fig. 3A). The AC/VS ISR

correlated positively with the UPDRS III score and symp-
tom duration in the PD group (P < 0.05) but not in the PSP
group (Supplemental Fig. 1) (supplemental materials are
available online only at http://jnm.snmjournals.org). A
receiver-operating-characteristic curve analysis showed that
the AC/VS ISR on the more affected side had the largest
area under the curve (0.958 and 0.928 on the more and less
affected sides, respectively) and was the most significant
parameter for discriminating PSP from PD. At the cutoff
value for the AC/VS ISR (<0.7), the sensitivity, specificity,
positive predictive value, and negative predictive value for
differentiating PSP from PD were 94%, 92%, 80%, and
98%, respectively.

Among the ISRs suggesting a ventrodorsal gradient, the
PP/VP ISR in the MSA group was significantly higher than
that in the PD group on the more affected side (0.8 = 0.3
vs. 0.6 = 0.3 [P = 0.002]) (Fig. 3B). The PP/VP ISR
correlated positively with the UPDRS III score and symp-
tom duration in the PD group (P < 0.01) but not in the
MSA group (Supplemental Fig. 2). A receiver-operating-
characteristic curve analysis revealed that the PP/VP ISR
on the less affected side had the largest area under the curve
(0.709 and 0.736 on the more and less affected sides, re-
spectively) and was the most significant parameter for dis-
criminating MSA from PD. At the cutoff value for the PP/
VP ISR (>0.65), the sensitivity, specificity, positive pre-
dictive value, and negative predictive value for differentiat-
ing MSA from PD were 90%, 45%, 44%, and 92%,
respectively.

Visual Analysis

On axial, coronal, and maximum-intensity-projection
images of '8F-FP-CIT PET, patients with PD showed a pref-
erential decrease in DAT binding in the PP, with relative
sparing of the VP (“rabbit hip” sign on the maximum-in-
tensity-projection image). Patients with PSP showed a pref-
erential decrease in DAT binding in the caudate nuclei
(“rabbit ear” sign) as well as in the putamen. Patients with
MSA showed a preferential decrease in DAT binding in the
VP (“rabbit foot” sign) as well as in the PP (Fig. 2).

The results of the visual analysis are shown in Table 5.
The interobserver agreement of 3 interpreters in the visual

TABLE 1
Clinical Characteristics of Subjects

Characteristic PD group (n = 49) PSP group (n = 19) MSA group (n = 24) Healthy controls (n = 21)

Age (y) 62 + 11 68 + 8 62 + 11 61 = 12
Sex (M/F), n 21/28 9/10 8/16 6/15
Symptom duration (y) 5.1 + 6.0 3.9 £ 2.1 3.0 1.7 NA
Hoehn-Yahr stage 20=x=1.0 3.4 13" 40 =x1.2" NA
UPDRS Il score 20.4 = 13.3 255 = 12.7 35.4 = 16.5 NA
*P < 0.05 for PD vs. PSP.
TP < 0.05 for PD vs. MSA.
NA = not applicable.
Values are reported as mean = SD unless otherwise indicated.
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TABLE 2
BP\p of Striatal Subregions in Healthy Controls and PD, PSP, and MSA Groups
BPnp (mean = SD) in: P for:
Region Side* Healthy controls PD group PSP group MSA group PD vs. PSP PD vs. MSA
Whole striatum More affected 6.4 £ 0.9 24 =11 1.1 =04 1.7 = 0.8 <0.001 NS
Less affected 31+14 1.3 £ 0.8 22+12 <0.001 NS
Subregion
AC More affected 74 11 3.7+18 1.1+ 0.6 23+ 13 <0.001 0.002
Less affected 40 £ 1.7 1.3 £ 0.9 2.7 1.4 <0.001 0.003
PC More affected 5.2+ 0.9 27 +1.8 05=*+04 1.5 +1.1 <0.001 0.003
Less affected 3.1+1.9 0.5+ 0.5 1.8 +1.2 <0.001 0.004
VS More affected 6.0 = 0.9 3.6 *+13 2.3+ 0.9 26 *+1.2 0.001 0.007
Less affected 38 1.2 23+1.2 28 1.1 <0.001 0.003
AP More affected 8113 27 *+1.6 15+ 0.7 22 +1.2 NS NS
Less affected 34 +138 1.7 £ 0.9 25+1.4 0.001 NS
PP More affected 77 £1.2 14 +1.2 0.6 = 0.5 1.1 1.0 NS NS
Less affected 1.8+ 1.4 0.8 = 0.6 1.6 1.4 NS NS
VP More affected 71 =141 20=*=1.0 09 =04 1.3 0.9 <0.001 0.007
Less affected 24 +13 1.0 + 0.6 1.7 £1.2 <0.001 NS

*Does not apply to values for healthy controls.
NS = not significant.

analysis was good (Fleiss k coefficient, 0.70 [P < 0.001]).
The rates of concordance of clinical and visual diagnoses
were 96% for PD, 78% for PSP, and 67% for MSA.

The sensitivity, specificity, positive predictive value, and
negative predictive value for discriminating PSP from PD
were 84%, 98%, 94%, and 94%, respectively; for discrim-
inating MSA from PD, the respective values were 79%,
96%, 90%, and 90%. The diagnostic accuracy of visual
analysis was similar to that of quantitative analysis for
differentiating PSP from PD (P = 0.250) but was signifi-
cantly higher for differentiating MSA from PD (P < 0.001).

DISCUSSION

In the present study, all groups of patients showed
significantly reduced striatal subregional BPyp values, in-

dicative of presynaptic degeneration, but exhibited different
preferential subregional losses of striatal DAT on '3F-FP-
CIT PET. Compared with patients with PD, patients with
PSP and MSA showed more prominent and earlier DAT
losses in the AC and VP, respectively.

The striatum is divided into 3 functional parts: the VS,
which is strongly implicated in emotion, motivation, and
reward-guided behaviors; the associative striatum, which is
largely involved in cognition; and the sensorimotor stria-
tum, which is involved in motor function (24). The striatum
was further divided into more substructures—VS, VP, AP,
PP, AC, and AP—in the present study than in previous
studies (/7,25) because of the higher resolution offered
by a new-generation PET scanner (26). This scenario en-
abled us to understand the complex functional anatomy of

TABLE 3
ISRs for Gradients of BPyp in PD, PSP, and MSA Groups

ISR for BPyp (mean = SD) in:

PD group PSP group MSA group
Healthy More affected Less affected More affected Less affected More affected Less affected
Gradient controls side side side side side side

Anteroposterior

PP/AP 0.9 = 0.0 0.5+ 0.2 0.5 = 0.2 0.4 =03 0.4 = 0.2 0.5 + 0.2 0.6 = 0.2

PC/AC 0.7 = 0.0 0.7 = 0.2 0.7 £ 0.2 0.3 0.2 0.4 + 0.3 0.7 = 0.3 0.7 = 0.3

PP/AC 11 +0.2 0.3 +0.2 0.7 = 0.2 0.7 = 0.8 0.7 = 0.2 0.5+ 04 0.7 = 0.2
Ventrodorsal

AC/VS 1.2 = 0.1 1.0 = 0.2 1.0 £ 0.2 0.5+ 0.2 0.5+ 0.3 0.8 =+ 0.2 0.9 = 0.3

AP/NS 14 = 0.0 0.7 £ 0.3 0.8 = 0.3 0.7 = 0.2 0.7 £ 0.3 0.8 = 0.2 0.9 = 0.2

AC/AP 0.9 = 01 1.7 141 1.7 £ 24 0.7 =04 0.7 =04 1.1 =04 1.2 =07

PP/VP 1.1+ 0.0 0.6 + 0.3 0.7 = 0.2 0.6 = 0.3 0.7 + 04 0.8 + 0.3 0.9 = 0.2

PC/VP 0.7 = 0.1 1.2 +0.5 1.2 +04 05*+04 05*+04 1.2 + 0.6 1.2 0.7
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TABLE 4
ISRs for Asymmetry (Left to Right) of BPnp
in PD, PSP, and MSA Groups

ISR for BPyp (mean = SD) in:

Striatal Healthy PSP MSA

subregion  controls  PD group group group

AC 1000 09*01 09*05 09=*04
PC 09=*01 09=x02 15x28 1.0=x05
VS 1000 10x02 11*04 1.0=x02
AP 1000 08*x04 12*07 09=*02
PP 1100 07*x02 09*06 09=*04
VP 1.0+x01 09*+01 13*x15 09=*=0.3

this structure, which is crucial to understanding the patho-
physiology of parkinsonian disorders. For example, we
were able to observe that DAT binding was always mostly
spared in the VS in all groups of patients (Fig. 2). This
sparing of the VS relative to the associative striatum or
the sensorimotor striatum could have implications in the
context of the anatomic framework described earlier.

Our results showed an anteroposterior gradient in PD,
indicating greater involvement in the PP than in the AP,
especially on the more affected side. These results are
consistent with previous '2I-B-CIT studies (/7,27). How-
ever, the relative sparing of DAT loss in the VP in PD
resulted in a ventrodorsal gradient of putaminal DAT loss.
A previous study with '8F-3,4-dihydroxyphenylalanine
PET showed a gradient in dopamine metabolism from the
ventral to the dorsal portion of the caudal putamen in
patients with PD (27). This pattern may reflect the neuro-
pathologic basis of PD, in which the particularly early in-
volvement of the ventrolateral part of the pars compacta of
the substantia nigra, which projects to the posterior part of
the putamen, is known to occur (28). Our results also sup-
ported the findings that the mean density of a-synuclein
immunoreactivity was higher in the lateral segment of the
substantia nigra and inversely correlated with the density of
DAT immunoreactivity in brains with synucleinopathy (29).
The preservation of DAT binding in the VP in PD is reason-
able, considering the role of the VS.

Patients with PSP showed the most extensive and
symmetric pattern of striatal DAT loss, including that in
the caudate nuclei, on '8F-FP-CIT PET. These results are
supported by a pathology study that found a more wide-
spread loss of dopamine neurons in PSP than in PD (30). In
terms of the ventrodorsal gradient, we also found a more
profound DAT loss in the AC than in the VS; this feature
provided the best diagnostic value for differentiating the
PSP group from other groups. These results are consistent
with a previous study showing that extensive pathologic
degeneration of the pars compacta impaired the projection
to the head of the caudate in PSP (3/). However, in contrast
to previous studies with '23-B-CIT (3/) and 'Z3[-IPT
SPECT (/3), our study showed an anteroposterior gradient
of DAT loss in patients with PSP that was similar to that in
patients with PD and MSA. Technically, this finding was
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FIGURE 3. ISRs of BPyp values. (A) AC/VS ratios in PSP group

were significantly lower than those in PD group, MSA group, and
healthy controls. (B) PP/VP ratios in MSA group were significantly
higher than those in PD group.

mainly due to the clearer separation of striatal subregions
afforded by the increased spatial resolution of the PET
camera compared with a SPECT camera (/6). In other
words, we reduced the spillover of higher putaminal '23I-
B-CIT uptake into the adjacent caudate head that led to an
overestimation of the caudate signal in a previous study
(32).

I8F-FDG PET often missed small changes in striatal me-
tabolism in early MSA because the nigrostriatal dopami-
nergic terminals comprise less than one-fifth of the striatal
synapses (33). In contrast, in the present study, striatal DAT
loss was evident in all patients with MSA despite the rel-
atively short duration of symptoms.

Consistent with previous '23I-B-CIT studies (34,35), the
present study showed similar anteroposterior gradients in
the MSA and PD groups. With respect to the ventrodorsal
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TABLE 5
Visual Interpretation of '8F-FP-CIT PET Images
of Patients with PD, PSP, and MSA

No. (%) of patients with visual

. ) ) diagnosis of:
Clinical diagnosis
(no. of patients) PD PSP MSA
PD (49) 46 (94) 2 (4) 1@
PSP (19) 2 (11) 15 (78) 2(11)
MSA (24) 5 (21) 3(12) 16 (67)

gradient, however, the MSA group showed a relatively even
DAT loss from the VP to the PP; in contrast, the PD group
showed a ventrodorsal gradient of putaminal DAT loss. In
this context, we suggest that the ventrodorsal gradient is
more useful for differentiating PD from MSA than the antero-
posterior gradient, even in the early stage. The different
patterns may reflect the different neuropathologic bases of
these diseases. Goto et al. (36) reported that the loss of
striatal dopaminergic neurons preceded nigral involvement
in MSA, which is opposite that in PD (7), although the
ventrolateral substantia nigra is known to be the most path-
ologically affected region in both PD and MSA. We believe
that this early pathologic involvement of the striatum as
well as the midbrain in MSA results in a relatively even
loss of putaminal DAT without a ventrodorsal gradient.

The AC/VS and PP/VP ISRs showed good diagnostic
accuracy for differentiating PSP and MSA from PD, re-
spectively. In the present study, we chose the optimum cutoff
probability values in a way that maximized sensitivity to
complement the low sensitivity of clinical criteria because, in
the clinical setting, '3F-FP-CIT PET is used mainly as a con-
firmatory test for DAT loss in patients with suspected PD
rather than for the differential diagnosis of APD.

Visual interpretation showed comparatively superior di-
agnostic accuracy for differentiating PSP or MSA from PD
mainly because this approach could take into account not
only ISRs but also other circumstances, such as asymmetry.

Finally, several methodologic and clinical limitations of
the present study deserve mention. First, considering the
current subcentimeter spatial resolution of a PET scanner
and the sizes of the striatal subregions, partial-volume effects
cannot be excluded. Given that nonlinear partial-volume
effects lead to an underestimation of the concentration of
radioactivity in small lesions (37), the quantification of sig-
nals in the posterior parts of the putamen likely would be
particularly affected (32). In the present study, however, the
I8F-FP-CIT signals in such subregions in all groups of pa-
tients were significantly lower than those in healthy controls.
Therefore, this potential issue is less likely to affect classifi-
cation by ISRs.

Second, template-based VOI analysis might further
reduce resolution during the normalization of individual
PET images to the '8F-FP-CIT PET template. Accurate
segmentation of this structure is of great interest. Because

of the improved resolution of PET instrumentation, sub-
dividing the putamen into multiple parts was recently at-
tempted in a VOI-based study (38). In addition, Jokinen
et al. (I7) reported the reliable detection of early PD by
ratio analysis of 6-'8F-flouro-L-dopa uptake in striatal sub-
regions. In the present study, however, spatially normalized
I8SE-FP-CIT PET images of some patients showed misreg-
istration with predefined VOI templates and were ulti-
mately excluded from the VOI analysis. This problem
might be intrinsic to template-based analysis for patients
with severe cerebral atrophy, ventricle enlargement, and
advanced stages of parkinsonian disorders (39).

Third, we used ISRs to show different patterns of DAT
loss in striatal subregions. Although this approach is
simple, it might result in overestimation if there is
a relatively severe loss at the bottom of the fraction. This
scenario could explain the extraordinary asymmetry of the
PC in the PSP group.

Finally, patients in the present study were diagnosed
clinically. Therefore, misdiagnoses could have occurred
because of the lack of postmortem verification (40). Al-
though all diagnoses were based on strict diagnostic crite-
ria, a longer period of follow-up is needed, especially given
that the overdiagnosis of PD and the underdiagnosis of
atypical parkinsonism are common (/7).

Despite these limitations, the results of our study set the
stage for the use of '8F-FP-CIT PET for the differential
diagnosis of parkinsonian disorders. Analysis of the de-
tailed subregions of the striatum provides insights into the
pathophysiology of each disease. Moreover, the compara-
tively superior performance of visual interpretation adds the
value of daily clinical practice for the detection and differ-
entiation of parkinsonism.

CONCLUSION

PD, PSP, and MSA had significantly reduced striatal
subregional BPyp values but different preferential subre-
gional decreases in striatal DAT binding when examined
by 3F-FP-CIT PET. Compared with PD, PSP and MSA
had more prominent and earlier DAT loss in the AC and
VP, respectively. These findings could be useful for sug-
gesting PSP or MSA in parkinsonian cases without charac-
teristic atypical features.
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