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Competition between ''C-raclopride and endogenous
dopamine in Parkinson’s disease
Keniji Ishibashi*®, Kenji Ishii®, Keiichi Oda®, Hidehiro Mizusawa®

and Kiichi Ishiwata®

Objective The aim of this study was to understand
whether the increase in **C-raclopride binding in the
striatum of patients with Parkinson’s disease (PD) is
associated with the depletion of endogenous dopamine.

Methods Positron emission tomography (PET) scans of
the two dopamine D, receptor ligands, ''C-raclopride

and ''C-N-methylspiperone (''C-NMSP), and the
dopamine transporter ligand, '1C-2p-carbomethoxy-3-
(4-fluorophenyl)-tropane, were performed on five patients
with PD and seven controls. The binding of each tracer was
calculated by using a (region-cerebellum)/cerebellum
ratio in the caudate, anterior putamen, and posterior
putamen.

Results In patients with PD, the ''C-raclopride to
11C-NMSP ratios in the posterior putamen, which was the
subregion of the striatum with the lowest binding of
11C-28-carbomethoxy-3p-(4-fluorophenyl)-tropane, were
the largest among all three subregions of the striatum. In
controls, the ''C-raclopride to ''C-NMSP ratios in all three
subregions of the striatum were within a constant range.

Introduction

Among positron emission tomography (PET) radioligands
for mapping postsynaptic dopamine D, receptors (D;Rs)
in the striatum, carbon-11-labeled raclopride is most
often used as a standard D;R ligand because of its high
selectivity [1,2]. We have reported the coupling of age-
related decline in postsynaptic D;Rs and presynaptic
dopamine transporters (DATS) in the striatum of normal
individuals by using PET with ''C-raclopride and ''C-2B-
carbomethoxy-3B-(4-fluorophenyl)-tropane  (!'C-CFT),
respectively [3]. The binding of the two tracers
correlated well, irrespective of age. In contrast, our
preliminary findings revealed that compared with the
binding of ''C-raclopride, the binding of ''C-N-methyl-
spiperone (*!C-NMSP), another radioligand for mapping
D;Rs, corrclates more strongly with that of 'C-CFT in
normal individuals {(unpublished data). The difference
between the two DR ligands, 'C-raclopride and ''C-
NMSP, can be explained by the variable binding of e
raclopride in response to changes in the concentrations of
endogenous dopamine caused by various physiological
factors. The above concept is based on the following
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Conclusion In patients with PD, the kinetic difference
between ''C-raclopride and ''C-NMSP was found
prominently in the posterior putamen, in which presynaptic
degeneration occurred most profoundly. Therefore, we
concluded that the increase in ''C-raclopride binding in the
striatum of patients with PD was strongly associated with
the depletion of endogenous dopamine. '*C-NMSP can be
chosen in the place of ''C-raclopride in cases in which it
may be essential to eliminate the influence of endogenous
dopamine. Nuc! Med Commun 00:000-000 © 2010 Wolters
Kiuwer Healith | Lippincott Williams & Wilkins.
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findings: (i) several studies with H-labeled ligands
explain the differences in the in-vivo binding properties
of the two D,R ligands [4-9]. Specifically, the binding of
G raclopride to the D,Rs in the striatum is reversible in
the time frame of a PET scan and competitive with that
of endogenous dopamine. In contrast, the binding of e
NMSP is substantially irreversible in the time frame of a
PET scan and not competitive with that of endogenous
dopamine. Consequently, the binding of ''C-raclopride is
affected by the concentration of endogenous dopamine,
whereas that of ''C-NMSP is not; (ii) considerable
interindividual and intraindividual variabilities in the
concentration of endogenous dopamine in individuals
with normal nigrostriatal dopaminergic function has been
reported in earlier studies on the measurements of
dopamine metabolites in cerebrospinal fluid [10-12].

On the basis of the above findings, the binding of 'C-
raclopride could be relatively higher than that of 'C-
NMSP in the striatum of patients with PD, on account of
the depletion of endogenous dopamine and preserved
D;Rs in the striatum [13-15]. Moreover, the differences
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in the binding levels of the two D,R ligands among the
different subregions of the striatum could be greater in
the following order: the posterior putamen > anterior
putamen > caudate, corresponding to the reported order
of the extent of presynaptic degeneration [16-20]. How-
ever, contrary to these considerations, Kaasinen ez 2/ [21}
reported that the increased binding of !'C-raclopride in
patients with PD did not result from the reduction in the
amount of endogenous dopamine, but from the upregula-
tion of the D;Rs. Their conclusion is questionable in light

of the binding properties of radioligands described above -

[4-9] and earlier reports on morphological studies, which
state that parkinsonian symptoms appear when 80% of
the striatal dopamine is lost [15].

The aim of this study was to understand whether the
increase in ''C-raclopride binding in the striatum of
patients with PD is associated with the depletion of endo-
genous dopamine. For this purpose, we performed both
HC-raclopride and '"C-NMSP PET scans on patients with
PD and the differences in the binding of the two radio-
ligands were evaluated, particularly in the subregions of
the striatum, in relation to the presynaptic functionality
evaluated with the binding of "'C-CFT. To confirm the
reliability of this study, we performed region of interest
(ROI) analysis by using anatomical standardization and
coregistration of the images, as objectively as possible.

Materials and methods

Particlpants

A rotal of 27 individuals (five patients with PD and 22
healthy volunteers) participated in this retrospective
study. We divided the 22 healthy volunteers into three
groups (first group: seven, second group: eight, third
group: seven), and the five patients with PD were
classified into the third group. In the first group, seven
volunteers [four men and three women; age, 5568 years
(mean=60.6, SD=5.4)] underwent static PET scans of
"C-raclopride to create the ''C-raclopride template. In
the second group, eight volunteers [8 men; age, 20-22
years (mean=20.6, SD=0.7)] underwent dynamic PET
scans of "C-NMSP to ascertain the method for static
PET scans that represent ''C-NMSP binding to the
D;Rs, as we had earlier validated static PET scans for
both "'C-raclopride and "'C-CFT [3,22]. In the third
group, five patients with PD [two men and three women;
age, 53-67 years (mean=57.8, SD=5.5)] and seven
volunteers [7 men; age, 21-23 years (mean=22.3,
SD=1.0)] underwent three static PET scans of 'C-
raclopride, "'C-NMSP, and ''C-CFT. A magnetic reso-
nance imaging (MRI) scan of the brain was performed on
all participants to check for the abnormal lesion. All
volunteers were defined as healthy on the basis of their
medical history, the results of their physical and
neurological examination performed by neurologists, and
the findings of the MRI that were reported by the
radiologists. None of the volunteers was on any

Table 1 Clinical features of patients with Parkinson's disease
Age  Duration

Patient Sex (years) (years) Side® Hoehn-Yahrstage  Symptoms

1 F 54 2 Right 1 Tremor, rigidity

2 F 57 1 Right 1 Tremor

3 M 67 5 Right 2 Tremor, rigidity

4 M 58 1 Right 1 Tremor

5 F 53 2 Left 1 Tremor

F, female; M, male.
“Affected side.

medication at the time of this study. All patients were
drug naive at the time of the study. Table 1 shows the
demographic darta of the patients. This study protocol was
approved by the Ethics Committee of the Tokyo
Metropolitan Institute of Gerontology. Written informed
consent was obtained from all participants of this study.

Positron emission tomography imaging

PET imaging was performed at the Positron Medical
Center, Tokyo Metropolitan Institute of Gerontology by
using a SET-2400W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode for static scans or
the two-dimensional scanning mode for dynamic scans.
The transmission data were acquired by using 2 rotating
8Ga/*®Ge rod as a source for attenuation correction.
Images with 50 slices were obtained with a resolution of
2x 2x3.125mm voxels and a 128 x 128 matrix. ''C-
raclopride, '"C-NMSP, and ''C-CFTwere prepared by the
reaction of "'C-methyl triflate and the respective des-
methyl compound as described in earlier studies [23,24].

Dynamic scanning of 'C-NMSP was performed for 90 min
after an intravenous bolus injection of 640 % 67 MBq
(mean = SD). The specific activity ranged from 29.2 to
109.3 GBg/umol. Static scannings of the three tracers were
performed for 40-55, 54-66, and 75~90 min after intrave-
nous bolus injection of ''C-raclopride, ''C-NMSP, and ''C-
CFT, respectively. Two PET studies with 'C-raclopride
and ’C-CFT were carried out at an interval of 2.5-3h on
the same day, and the study with "'"C-NMSP was carried
out on another day. The injection doses (mean + SD) for
"C-raclopride, "'C-NMSP, and "'C-CFT were 298 * 60,
321 £ 14, and 331 + 22 MBgq, respectively, and the specific
activities were 14.0-95.9, 14.5-82.4, and 14.5-68.0GBq/
pmol, respectively, at the time of injection.

Magnetic resonance imaging

The MRI scans were performed at the Tokyo Metropo-
litan Gerniatric Hospital. Transaxial T1-weighted images
(three-dimensional spoiled-gradient-recalled echo images;
repetition time = 9.2 ms, echo time = 2.0 ms, matrix size =
256 x 256 x 124, voxel size = 0.94 x 0.94 x 1.3 mm) and
transaxial T2-weighted images (first spin echo; repetition
time = 3000 ms, echo time = 100 ms, matrix size = 256 x
256 x 20, voxel size = 0.7 x 0.7 x 6.5 mm) were obtained
by using a 1.5-Tesla Signa EXCITE HD scanner (GE,
Milwaukee, Wisconsin, USA).
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Analysis of positron emission tomography images
Image manipulations were performed using Dr View
version R2.0 (A]S, Tokyo, Japan) and statistical parametric
mapping 2 (SPM2; Functional Imaging Laboratory,
London, UK) implemented in MATLAB version 7.0.1
(The MathWorks, Natick, Massachusetts, USA). We used
SPM2 for the anatomical standardization and coregistra-
tion of the obtained images. To eliminate arbitrariness and
subjectivity, both of which are disadvantages of conven-
tional ROI analysis in which ROIs are placed individually,
and to improve objectivity, we placed ROIs on the same
anatomical position for all participants at a time by stan-
dardization of each image, as described below.

Creation of the ''C-raclopride template and average
MRI image

The ""C-raclopride template, which was used as the
standard for brain images in this study, was created from
the integral 'C-raclopride images taken from the seven
healthy individuals of the first group, as described earlier
[25,26]. For this purpose, MRI-based spatial normal-
ization was used. First, individual ''C-raclopride images
were coregistered with their corresponding T1-weighted
MRI images. Next, individual MRI images were spatially
transformed to the SPM2-T1-MRI template. The same
deformation parameters were applied to the indivi-
dual coregistered UC-raclopride images. Finally, the
YC-raclopride template was made by averaging the
transformed ''C-raclopride images of seven healthy
individuals and applying a smoothing Gaussian filter (full
width at half maximum=8 x 8 x 8 mm). In addition, we
obtained the average MRI image by averaging the
transformed MRI images of seven healthy individuals.

Creation of normalized images of '’ C-raclopride,
""C-NMSP, and ''C-CFT

Individual ''C-raclopride, '*C-NMSP, and ''C-CFT PET
images were coregistered. Next, the individual ''C-
raclopride images were anatomically normalized to the
standard brain images by using the ''C-raclopride tem-
plate described above which was developed in-house.
The same deformation parameters were applied to the
individual coregistered *G-NMSP and ''C-CFT images.
Subsequently, we obtained the individual normalized
PET images of ''C-raclopride, *C-NMSP, and "'C-CFT.
All the normalized PET images and the average MRI
image were anatomically the same.

Uptake ratio index of ''C-raclopride, '’ C-NMSP, and
""C-CFT

We placed the ROIs on the average MRI image: one ROI
with an 8-mm diameter was placed on the caudate, one
ROI with an 8-mm diameter on the anterior putamen,
and one ROI with an 8-mm diameter on the posterior
putamen on both sides in each of five contiguous slices. A
total of 30 ROIs with 10-mm diameter were placed

"C-raclopride and endogenous dopamine in PD Ishibashi et al. 3

throughout the cerebellar cortex in three contiguous
slices. These ROIs placed on the average MRI were
spatially moved on each normalized PET image.

To evaluate the binding of ''C-raclopride, ''C-NMSP,
and "C-CFT to their respective binding sites, we
calculated the uptake ratio index (URI) by the following
formula [18,27]: URI=[(activity in each region) -
(activity in the cerebellum)]/[(activity in the cerebel-
lum)]. Earlier, we had validated the use of the URI as a
method to estimate the binding potential of ''C-
raclopride and 'C-CFT [3,22].

The following two analysis methods were performed.
First, we compared the three tracers in both patients with
PD and healthy volunteers, using the URI of every ROI
placed on the striatum. Second is the comparison of the
ipsilateral and contralateral sides to the predominant
symptoms in patients with PD.

Relationship between binding of "'C-NMSP to D,Rs
and uptake ratio index

To validate the use of the URI for ''C-NMSP, we
examined the correlation between the binding of ''C-
NMSP to the D;Rs (association constant, £;) and the
URI in eight healthy volunteers of the second group. Six
ROIs were placed on the striatum of each dynamic
scanned participant. The #; was estimated by graphical
analysis of irreversible ligands, using the cerebellum as a
reference [28,29]. The cerebellum was selected as a
reference region in the analysis because the density of
D;Rs and serotonin 5-HT, receptors in this region is
negligible. The URI of each ROI was also estimated, as
described above. Next, we compared the #; values of total
48 ROIs with the URI.

Statistics

The differences in averages and variances were tested by
Student’s s-test and one-way analysis of variance,
respectively. Correlations between the two groups were
assessed by linear regression analysis with Pearson’s
correlation test. P values less than 0.01 were considered
statistically significant.

Results

There was a significant positive linear correlation
between #; and the URI of 'C-NMSP (r=0.98;
P < 0.0001), as shown in Fig. 1. Therefore, the URI was
adopted for further analyses.

In normal individuals (Fig. 2), the URI of llC—raclopride
correlated  significantly with that of 'C-CFT in the
posterior putamen, but not in the other two subregions.
Conversely, the URI of UC-NMSP correlated signifi-
cantly with that of 'C-CFT in all three subregions.

In patients with PD (Fig. 3), a negative correlation
(r=0.71; P<0.0001) was found between the URI of
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"C-raclopride and that of ''C-CFT in the three
subregions of the striatum. The URI of 'C-CFT was
smaller in the following order: the posterior putamen <
anterior putamen < caudate, whereas the URI of ''C-
raclopride was larger as follows: the posterior putamen >
anterior putamen > caudate. In contrast, a very small
positive correlation (r=0.29; P=0.0003) between the
URI of ""C-NMSP and that of 'C-CFT in the three
subregions was found. Thus, the URI of ''"C-NMSP was
almost constant, irrespective of that of ''C-CFT in the
three subregions. Each average ligand image (Fig. 4),
which was made by averaging the URI images of five

Fig. 1

Uptake ratio index

0 0.02 0.04 0.06 0.08 0.1

Binding to D4R (k3)

Correlation between the binding to D, receptors (D,R) [association
constant (ks)] and uptake ratio index of ''C-N-methylspiperone in the
striatum. The solid line represents the regression line. Linear correlation
is significant (r=0.98; P<0.0001).

Fig. 2

patients with PD, revealed the apparent tendencies of
the three ligands.

To evaluate the more detailed regional differences in the
"C-raclopride and ''C-NMSP binding in the three
subregions of the striatum, ratios of the URI of ''C-
raclopride to that of 'C-NMSP (R/N ratios) were
plotted, as shown in Fig. 5. In normal individuals, the
R/N ratios in all three subregions of the striatum were
maintained in a constant range. Conversely, in patients
with PD, the R/N ratios were significantly higher in the
following order: the posterior putamen > anterior
putamen > caudate.

Table 2 shows the comparison in the URI of three tracers
between the contralateral and ipsilateral sides to the
predominant symptoms in patients with PD. For '!C-
raclopride, the contralateral URI in all subregions of the
striatum tended to be larger than the ipsilateral URI. For
both ""'C-NMSP and 'C-CFT, the contralateral URI in
all subregions of the striatum tended to be smaller than
the ipsilateral URI.

Discussion

In this study, we investigated whether the increase of
NC-raclopride binding in the striatum of patients with
PD is associated with the depletion of endogenous
dopamine by examining the PET scans of 'C-raclopride,
""C-NMSP, and "C-CFT in normal individuals and
patients with PD.

In normal individuals, earlier neuroimaging studies
reported that there was a significant linear correlation
between DATs and D;Rs in the three subregions of the
striatum, irrespective of age [3,30]. This study showed
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Correlation between the uptake ratio indices of ''C-2B-carbomethoxy-3p-(4-fluorophenyl)-tropane (' 'C-CFT) and ''C-raclopride (left) and between
the uptake ratio indices of ''C-CFT and ''C-N-methylspiperone (*'C-NMSP) (right) in controls. Closed circles, open circles, and plus signs
represent the caudate, anterior putamen, and posterior putamen, respectively. In the graph on the left, a significant correlation is shown only in the
posterior putamen (r=0.37, P=0.002). In the graph on the right, there are significant correlations in the caudate (r=0.60, P<0.0001), anterior
putamen (r=0.67, P<0.0001), and posterior putamen (r=0.69, P<0.0001).
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Correlations between the uptake ratio indices of ' C-2B-carbomethoxy-3p-(4-fluorophenyl)-tropane ("'C-CFT) and "' C-raclopride (left) and between
the uptake ratio indices of ''C-CFT and ''C-N-methylspiperone ("' C-NMSP) (right) in patients with Parkinson's disease. Closed circles, open

circles, and plus signs represent the caudate, anterior putamen, and posterior putamen, respectively. The solid lines represent the regression line for
all plots combined with all subregions. Linear correlation is significant in the graph on the left (r=0.71; P< 0.0001) and in the graph on the right

(r=0.29; P=0.0003).

Fig. 4

1 C-raclopride TC-NMSP

The average ligand images of each tracer superimposed on the average
magnetic resonance imaging image at the level of the basal ganglia in
patients with Parkinson’s disease (PD). Each average ligand image was
made by averaging the uptake ratio index images of five patients with
PD and clipping the striatum. The binding of -raclopride has an
inverse relationship with that of ''C-2-carbomethoxy-3p-(4-
fluorophenyl)-tropane (''C-CFT). The binding of ''C-N-
methylspiperone (''C-NMSP) was fairly uniform in all subregions of the
striatum. For demonstration, the right side of the regions of interest
placed on the striatum (the caudate, anterior putamen, and posterior
putamen) is displayed.

that the URI of 'C-CFT in the three subregions of the
striatum was more strongly associated with that of ''C-
NMSP than that of 'C-raclopride (Fig. 2). As described
in the Introduction, the different binding properties
between the two D;R ligands were considered to be a
result of the variability in the binding of ''C-raclopride, in
response to changes in the endogenous dopamine
concentrations caused by various physiological factors.

Figures 3 and 4 showed that in patients with PD the URI
of "'C-raclopride in the three subregions had an inverse
relationship with that of 'C-CFT. Morphological and

Fig. 5
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Uptake ratio indices of ''C-raclopride to that of ' C-N-methylspiperone
(R/N ratios) in the caudate, anterior putamen, and posterior putamen. In
controls, the R/N ratios are maintained within a constant range. In
patients with Parkinson’s disease, the R/N ratios are significantly
greater in the following order: the posterior putamen, anterior putamen,
and caudate. NS, not significant.

neuroimaging studies for PD have established the
following: (i) neuronal loss begins in the lateral ventral
nigra, which projects toward the posterior putamen, and
throughout the illness this region remains the most
severely affected [31,32]. (ii) Severe dopamine depletion
was found in the posterior putamen with relative sparing
of the caudate nucleus [15]. (iii) DAT levels correlate
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Table 2 The uptake ratio index of three ligands in patients with Parkinson’s disease

Caudate Anterior putamen Posterior putamen
Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral Contralateral
Mean+SD Mean+ SD P value Mean + SD Mean +SD P value Mean+SD Mean+ SD P value
”C-raclopride 2.95+0.45 3.05+0.41 0.40 3.92+0.38 3.93+0.33 0.91 4.181+0.62 4391+0.35 0.38
""C-NMSP 3.19+0.36 3.091+0.31 0.02 3.59+0.24 3.40+0.32 0.08 3.30+0.12 3.21+0.13 0.35
"C-CFT 2.97+0.72 2.63+0.87 0.03 2.21+057 1.57+0.48 0.03 1.20+0.37 0.70+0.02 0.02

''C-CFT, "' C-2B-carbomethoxy-3p-(4-flucrophenyl)-tropane; ''C-NMSP, "' C-N-methylspiperone. P values were obtained by the paired Student's ttest performed on

ipsilateral and contralateral sides.

with the striatal dopamine concentrations [33]. On the
basis of these studies, the results derived from Figs 3 and
4 suggested that the more the dopamine concentrations
in the striatum decrease, the higher the binding of ''C-
raclopride is. Conversely, the URI of "'C-NMSP in all
subregions of the striatum was almost constant, irrespec-
tive of the URI of "C-CFT. In fact, a small but
significant correlation was found between the two, and
the slope of the regression line was very small.

To evaluate the different properties of the two D,R
ligands more clearly, we used the R/N ratio, which is an
independent parameter irrespective of age (Fig. 5). In
normal individuals, the R/N ratios in the three subregions
of the striatum were maintained within a constant range.
In contrast, in patients with PD, the R/N ratios exhibited
obvious increase in the following order: the posterior
putamen, anterior putamen, and caudate. In other words,
the more the dopamine concentrations in the striatum
decrease, the greater is the difference between the bind-
ing of "'C-raclopride and ''C-NMSP.

These results in this study showed that the kinetic
difference between ''C-raclopride and '"C-NMSP was
found predominantly in the posterior putamen, in which
dopamine depletion and presynaptic degeneration were
found to be most severe [15-20]. In addition, earlier in-
vitro and in-vivo studies have revealed that endogenous
dopamine concentrations affect the binding of ''C-
raclopride, but not of "*C-NMSP in the striatum [4-9,
34-36]. Therefore, on the basis of our results and earlier
studies, we suggested that in patients with PD, the
depletion of endogenous dopamine is strongly associated
with the increase in 'C-raclopride binding, especially in
the posterior putamen. In addition, we suggested that
"'C-NMSP can be chosen in place of ''C-raclopride in
cases in which it may be essential to eliminate the
influence of endogenous dopamine.

Earlier, a study on the direct comparison of ''C-raclopride
and '""C-NMSP in seven patients with early PD was
reported by Kaasinen ez @/ [21]. They compared the
binding of the two D;R ligands on the contralateral side
to the symptoms with that on the ipsilateral side, and
found that the binding of both ''C-raclopride and ''C-
NMSP on the contralateral side was 105% of that on the
opposite side. They concluded that the binding of the

two D;R ligands increased because of the upregulation of
the D2ZRs, and suggested that the increased binding of
1C-raclopride did not result from reduced concentrations
of endogenous dopamine. In this study (Table 2), for the
binding of ''C-raclopride we found a similar tendency as
observed in the case of Kaasinen ¢ @/ and other earlier
reports on the binding of !C-raclopride in patients with
early PD [37-39]. However, contrary to the result of
Kaasinen ez 4/ for the binding of HC.NMSP, our data
showed that the contralateral side tended to be smaller
than the ipsilateral side in all subregions of the striatum,
although there were no significant differences between
the values of both sides. Regarding the binding of
"C.NMSP in patients with PD, because there have
been only a few studies with a small number of patients,
consistent side-to-side differences about its binding
have not been known [29,40]. For the binding of
"C.CFT, the contralateral side in each subregion was
smaller than the opposite and the difference in the
posterior putamen was the largest as reported in earlier
reports [19,20].

We are unable to clearly explain the essential difference
between the findings reported by Kaasinen ez 2/. [21] and
these findings. However, we have obtained sound results
on the basis of the earlier in-vivo and in-vitro properties of
"G-raclopride and '"C-NMSP, as described earlier [4-9,
34-36]. In addition, the binding properties of the two
D;R ligands were normalized by the binding of ''C-CFT.
It is also noteworthy that this study was performed not
only with better spatial resolution of the PET scanner to
enable subregional analyses of the striatum, but also with
more advanced ROI analysis based on the PET-MRI
coregistration technique so that the objectivity was as
high as possible, compared with that in early studies
[21,29,40]. The drawbacks of this study may be a small
number of patients with PD and no age-matched control
for patients with PD, although our data are enough to
achieve our purpose.

Conclusion

We evaluated llC—raclopride, "C.NMSP, and ''C-CFT
PET scans in normal individuals and patients with PD. In
controls, the URI of ''C-CFT in all subregions of the
striatum was more strongly associated with that of 'C-
NMSP than that of 'C-raclopride. In patients with PD,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



the URI of ''C-raclopride in the posterior putamen, in
which the presynaptic degeneration occurred most
profoundly in the striatum, was relatively higher than
that of '!C-NMSP. These findings showed that different
concentrations of endogenous dopamine had different
effects on the binding properties of the two D;R ligands.
Therefore, we concluded that the increase in e,
raclopride binding in the striatum of patients with PD
is strongly associated with the depletion of endogenous
dopamine. "C-NMSP can be chosen in place of e-
raclopride in cases in which it may be essential to
eliminate the influence of endogenous dopamine.
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Objectives — To evaluate the association between cerebrospinal fluid
(CSF) homovanillic acid (HVA) concentrations and nigrostriatal
dopaminergic function assessed by positron emission tomography
(PET) imaging with carbon-11-labeled 2B-carbomethoxy-3p-
(4-fluorophenyl)-tropane ("'C-CFT), which can measure the
dopamine transporter (DAT) density, in Parkinson’s disease

(PD). Methods — "C.CFT PET scans and CSF examinations were
performed on 21 patients with PD, and six patients with non-
parkinsonian syndromes (NPS) as a control group. Results — In

the PD group, CSF HVA concentrations were significantly
correlated with the striatal uptake of ''C-CFT (r = 0.76, P < 0.01).
However, in the NPS group, two indices were within the normal
range. Conclusions — In PD, CSF HVA concentrations correlate with
nigrostriatal dopaminergic function. Therefore, CSF HVA
concentrations may be an additional surrogate marker for estimating
the remaining nigrostriatal dopaminergic function in case that DAT
imaging is unavailable.
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Introduction

In humans, homovanillic acid (HVA) is the major
end-product of dopamine metabolism. The HVA
in the cerebrospinal fluid (CSF) is largely derived
from the nigrostriatal dopaminergic pathway;
therefore, HVA concentration in the CSF has
been used as an index of dopamine synthesis and
presumed to reflect nigrostriatal dopaminergic
function. However, even with the availability of a
rigorous collection protocol, especially with respect
to puncture time and pre-procedural resting,
considerable inter-individual and intra-individual
variability has been reported with regard to the
concentration of CSF HVA in subjects with
normal nigrostriatal function (1-3). Therefore,
the extent to which CSF HVA concentrations
reflect the nigrostriatal dopaminergic function is
still unknown, and no study has specifically eluci-
dated the association between the concentration of
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CSF HVA and the function of nigrostriatal dopa-
mine.

Many studies have shown that the concentration
of CSF HVA substantially reduces in patients with
Parkinson’s disease (PD), which is a neurodegen-
erative disorder caused by nigrostriatal dopami-
nergic dysfunction (4-12). However, the extent of
reduction also varied a great deal among patients
with PD. Because of the variability, the relation-
ship of clinical disability with CSF HVA concen-
trations and the accuracy of CSF HVA
concentrations in differentiating PD from other
parkinsonian syndromes have yet to be determined.
Several authors have reported an inverse relation-
ship between CSF HVA concentrations and the
clinical severity (5-7, 10, 11), while others have
denied such a relationship (9, 12, 13). Other
neurodegenerative disorders caused by the dys-
function of nigrostriatal dopaminergic system, such
as multiple system atrophy (MSA), progressive



supranuclear palsy (PSP) and corticobasal degen-
eration, also show the reductions of CSF HVA
concentrations as compared to normal subjects (8,
14, 15). Therefore, the usefulness of measuring CSF
HVA concentrations in daily clinical practice has
not yet been established.

In order to address the physiological and path-
ophysiological backgrounds of these issues, we
evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function. Furthermore, we have discussed the
mechanism by which the concentration of CSF
HVA reduces in patients with PD.

As means of evaluating nigrostriatal dopaminer-
gic function, we performed carbon-11-labeled
2B~carbomethoxy-3p-(4-fluorophenyl)-tropane (*'C-CFT)
positron emission tomography (PET) scans which
can reveal the dopamine transporter (DAT) den-
sity in the striatum. DAT imaging has been
recognized as a standard marker for the diagnosis
of PD, because it is a very sensitive, reproducible,
and reliable marker of nigrostriatal dopaminergic
function (16-21).

Materials and methods
Subjects

The present study was a retrospective study. The
subjects comprised 35 patients [19 men and 16
women; age 60-83 years (mean age = 71.7 years,
SD = 6.0)]. They visited the neurological outpa-
tient clinic at Tokyo Metropolitan Geriatric Hos-
pital from April 2001-November 2004. Of the 35
patients, 29 had parkinsonian symptoms and on
the basis of each clinical criteria (22-24), 21 were
diagnosed with PD, three with MSA, and five with
PSP. The remaining six patients had no parkinso-
nian symptoms: three were clinically diagnosed
with Alzheimer’s disease (AD), two with spinocer-
ebellar degeneration (SCD), and one with amyo-
trophic lateral sclerosis (ALS). Table 1 shows the

Table 1 Demographics of patients and control subjects

Correlation between HVA and DAT

demographic data. The patients with MSA and
PSP were classified in the patients with non-PD
(NPD) group, while the patients with AD, SCD
and ALS were classified in the patients with non-
parkinsonian syndromes (NPS) group. The CSF
examinations and the ''C-CFT PET scans were
performed within 5 months of each other. None
of the patients had any concomitant hereditary
disorder that could cause parkinsonian symptoms.
All the patients were drug naive.

The normal range of HVA was determined by
examining the CSF of 13 normal control subjects
[five men and eight women; age, 65-88 years
(mean = 77.2 years, SD = 8.2)]. Similarly, the
normal range for nigrostriatal dopaminergic
function was determined by performing ''C-CFT
PET scans of eight normal control subjects [five
men and three women; age, 55-74 years (mean
age = 62.3 years, SD = 6.9)]. All the control
subjects were healthy and did not have any under-
lying diseases or abnormities, as determined on the
basis of their medical history and their physical and
neurological examinations. None of them were on
any medications at the time of the study. All the
subjects also underwent routine MRI examinations.

All the CSF examinations and ''C-CFT PET
scans were performed for research. This study
protocol was approved by the Ethics Committee of
the Tokyo Metropolitan Institute of Gerontology
and written informed consents were obtained from
all the participants.

CSF analysis

Lumbar puncture was performed in the lateral
decubitus position to obtain CSF samples from
each subject. The first few milliliter of CFS was
discarded. The next 3 ml of CFS was used for
routine determinations of cell counts, protein and
sugar and an additional 2 ml was stored at —70°C
until the assays were preformed. The concentration
of CSF HVA was measured by injecting 80 ul CSF

Subjects

_— Striatal uptake of ''C-CFT

n M:F Age (years) Duration (years) (Uptake ratio index) CSF HVA (ng/ml)
Parkinson’s disease 21 11:10 729 £ 50 18+13 094 + 020 128 + 9.35
Hoehn-Yahr 1 1 1:0 62 1 1.38 36.8
Hoehn-Yahr 2 8 44 716 £ 46 14+09 103 £ 014 156 + 94
Hoehn-Yahr 3 12 6:6 747 £ 39 21 +£15 085 + 0.17 89 +54
Non-Parkinson’s disease 8 44 705+ 77 16 £ 08 1.00 £ 0.19 164 £ 7.7
Non-parkinsonian syndromes 6 42 688 + 6.3 45 + 24 248 £ 028 3194130
Control for PET study 8 53 623 £ 69 268 + 044
Control for CSF study 13 58 772 £ 82 36.0 + 138
Data are expressed as mean + SD; n = number, CSF, cerebrospinal fluid; HVA, homovanillic acid.
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samples into a high-performance liquid chroma- striatum on both the left and right sides in each of
tography system equipped with 16 electrochemical the three contiguous slices (the AC-PC plane, and
sensors (CEAS Model 5500; ESA, Bedford, MA, regions 3.1 and 6.2 mm above the AC-PC line). Of
USA), as described previously (14). the five ROIs, one ROI was placed on the caudate
and four on the putamen. A total of 50 ROIs
(diameter, 10 mm) were selected throughout the
cerebellar cortex in five contiguous slices. To
HC.CFT PET data acquisition — PET studies were evaluate the striatal uptake of 'C.CFT, we calcu-
performed at the Positron Medical Center, Tokyo lated the uptake ratio index by the following
Metropolitan Institute of Gerontology using a SET formula (17, 18), as previously validated (27, 28).

2400W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode (25). The
"C-CFT was prepared as described previously —activity in the cerebellum)/
(26). Each subject received an intravenous bolus (activity in the cerebellum).

injection of 388 + 75 (mean + SD) MBq of
'C-CFT. Each subject was then placed in the
supine position with their eyes closed in the PET

PET imaging

Uptake ratio index = (activity in the striatum

Statistical analysis

camera gantry. The head was immobilized with a Differences in the averages were tested using a
customized head holder in order to align the Student’s t-test. Correlations between the two
orbitomeatal line parallel to the scanning plane. groups were assessed by linear regression analysis
To measure the uptake of !'C-CFT, a static scan with Pearson’s correlation test. P < 0.01 was
was performed for 75-90 min after the injection. considered to indicate statistical significance.

The specific activity at the time of injection ranged
from 7.1-119.6 GBq/umol. The transmission data

were acquired using a rotating **Ga/**Ge rod Rascits
source for attenuation correction. Images of 50 The inter-individual variability in the concentra-
slices were obtained with a resolution of 2 x 2 X tions of CSF HVA in each group was relatively
3.125 mm voxels and a 128 x 128 matrix. large (Fig. 1A). CSF HVA concentrations in both
Analysis of '"C-CFT PET images — Image the PD (P < 0.01) and NPD groups (P < 0.01)
manipulations were carried out by using the were significantly lower than that in the control
Dr View software (version R2.0; AJS, Tokyo, group (mean £ 2SD, 36.0 + 27.6), while no
Japan). The individual PET images were resliced in significant difference was observed between the
the transaxial direction, parallel to the anterior— NPS and control groups.
posterior intercommissural (AC-PC) line. Circular The striatal uptake of ''C-CFT in the PD and
regions of interest (ROIs) were placed with refer- NPD groups was below the normal range
ence to the brain atlas and individual MRI images. (mean £ 2SD, 2.68 + 0.87; Fig. 1B). In the PD
Five ROIs (diameter, 8 mm) were placed on the group, CSF HVA concentrations were significantly
A B
701 P<0.01| P<0.01] NS | ‘ 4 oPD ®NPD *NPS
661 ° 15
_ 2 &
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Figure 1. (A) The comparison of CSF HVA concentrations among the disease and control groups. Vertical bars represent
mean + SD. (B) Relationship between CSF HVA concentrations and the striatal uptake of ""C-CFT. A solid line represents the
regression line for the PD group. Linear correlation was significant (- = 0.76; P < 0.01). The grey bars beside the x- and y-axes
represent the normal range (mean + 2SD) for HVA (36.0 + 27.6) and the striatal uptake of "'C.CFT (2.68 + 0.87). PD, Parkinson’s
disease; NPD, non-Parkinson’s disease with parkinsonism; NPS, non-parkinsonian syndromes; C, controls; NS, not significant; CSF,
cerebrospinal fluid; HVA, homovanillic acid.
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correlated with the striatal uptake of ''C-CFT
(r = 0.76, P < 0.01). In the NPD group, although
the correlation between the two indices was not
statistically significant, the distribution pattern
between the two indexes showed the same tendency
as that in the PD group. However, in the NPS
group, both CSF HVA concentrations and the
striatal uptake of ''C-CFT were within the normal
ranges.

Discussion

We evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function by performing '""C-CFT PET scans.
""C-CFT PET scans showed that all patients with
PD and NPD had the dysfunction of nigrostriatal
dopaminergic system and all patients with NPS
had normal function. The CSF HVA concentra-
tions of all patients with PD and NPD were
significantly lower than those of normal subjects,
in accordance with previous studies (5-12, 14, 15),
whereas, there was no significant difference in CSF
HVA concentrations between normal subjects and
patients with NPS. These results suggest that CSF
HVA concentrations could reflect nigrostriatal
dopaminergic function. However, in accordance
with previous reports (1-9, 13, 14), all groups
showed large inter-individual variability in CSF
HVA concentrations and relatively wide overlaps
among groups were found. Therefore, in clinical
practice, measuring CSF HVA concentrations may
be of limited value in the diagnosis of PD.

This is the first study that investigated the
correlation between CSF HVA concentrations
and nigrostriatal dopaminergic dysfunction.
Regardless of relatively high inter-individual var-
iability, CSF HVA concentrations in the PD group
showed a considerably high correlation with the
striatal uptake of ''C-CFT. The NPD group with
nigrostriatal dopaminergic dysfunction showed the
same tendency as the PD group, although without
significant correlation probably because of the
small number of patients. On the other hand, the
NPD group with normal nigrostriatal dopaminer-
gic function showed normal ranges in both the
HVA level and the striatal uptake of ''C-CFT.
Therefore, CSF HVA concentrations may be an
additional surrogate maker for estimating the
nigrostriatal dopaminergic function in patients
with PD, in case that DAT imaging, which has
been recognized as a standard maker for the
diagnosis of PD, is unavailable.

It is important to note that the DAT images of
patients with PD are unique; in the pre-symptom-
atic phase the reduction in the availability of

Correlation between HVA and DAT

striatal DAT was detected, presumably as a result
of both the degeneration of nigral dopaminergic
cells and the compensatory downregulation of
DATs on the presynaptic site to maintain normal
synaptic dopamine concentrations (17-21). Fur-
thermore, the striatal DAT availability declined at
an annual rate of 5-10% (19, 21, 29-31).
Considering our results and the unique charac-
teristics of the DAT images, a possible explanation
about the association between CSF HVA concen-
trations and the striatal uptake of 'C-CFT is as
follows (Fig. 2). The first stage of the disease is a
compensatory and asymptomatic phase. Along
with the progression of nigrostriatal degeneration,
the striatal DAT availability begins to decrease, as
described earlier (17-21). However, due to several
compensatory mechanisms, including the down-
regulation of DATs and the upregulation of
dopamine synthesis, the striatal dopamine concen-
trations are kept within the normal range (32). As a
result, CSF HVA concentrations are also kept in
the normal range because CSF HVA is the major
end-product of striatal dopamine metabolism. This
phase would show relatively large intra-individual
and inter-individual variability in CSF HVA con-
centrations, as observed in subjects with normal
nigrostriatal dopaminergic function, because of the
reserve capacity for adjusting its levels. The second
stage of the progression of the disease is an
advanced and symptomatic phase. The compensa-
tory mechanisms to maintain normal synaptic

-~

Striatal uptake of ""C-CFT
(DAT availability)

CSF HVA coﬁcéﬁfréfiﬁh o

Figure 2. Schematic representation of the mechanism of CSF
HVA reduction in patients with PD. (A) The nigrostriatal
degeneration begins with a decrease in DAT availability, but
due to several compensatory mechanisms, striatal dopamine
concentrations (CSF HVA concentrations) are maintained
within the normal range. There is a large variability with regard
to CSF HVA concentrations. (B) The compensatory mecha-
nisms break down and striatal dopamine concentrations (CSF
HVA concentrations) begin to decrease along with the decrease
in DAT availability. The variability in CSF HVA concentra-
tions gradually becomes smaller. The grey zone represents the
range of variability in CSF HVA concentrations to the striatal
uptake of '"C-CFT. DAT, dopamine transporter; CSF, cere-
brospinal fluid, HVA, homovanillic acid.
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dopamine concentrations break down and the
striatal dopamine and CSF HVA concentrations
begin to decrease with the reduction of DAT
availability. In this phase, the intra-individual and
inter-individual variability in CSF HVA concen-
trations would gradually decrease because of a
lesser capacity for adjusting its levels. Conse-
quently, CSF HVA concentrations remain within
a narrow range that corresponds to the remaining
nigrostriatal dopaminergic function. In symptom-
atic patients with PD, CSF HVA concentrations
correlate with nigrostriatal dopaminergic function.
To verify this explanation, a study with larger
number of patients is needed.

In conclusion, we found a significant correlation
between CSF HVA concentrations and the striatal
uptake of ''C-CFT in patients with PD. Although
we should remember that CSF HVA concentra-
tions show large variability, CSF HVA concentra-
tions may be an additional surrogate maker for
estimating the remaining nigrostriatal dopaminer-
gic function in patients with PD in case that DAT
imaging is unavailable.
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ABSTRACT

Idiopathic basal ganglia calcification (IBGC) is a neuropathological condition known to
manifest as motor disturbance, cognitive impairment, and psychiatric symptoms. The
pathophysiology of the psychiatric symptoms of IBGC, however, remains controversial.
A previous biochemical study suggested that dopaminergic impairment is involved in
IBGC. We thus hypothesized that dopaminergic dysfunction might be related with the
psychiatric manifestations of IBGC. We used positron emission tomography to measure
glucose metabolism and dopaminergic function in the basal ganglia of an IBGC patient with
psychiatric symptoms. The results showed that widespread hypometabolism was evident
in the frontal, temporal, and parietal cortices while the decline in dopaminergic function
was severe in the bilateral striatum. The functional decline of the dopamine system in the
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calcified area of the bilateral striatum and the disruption of cortico-subcortical circuits

may contribute to clinical manifestations of IBGC in our patient.

Introduction

Idiopathic basal ganglia calcification (IBGC) is a neuropatho-
logical condition that sometimes manifests as a clinical syn-
drome characterized by motor disturbance, cognitive impair-
ment, and psychiatric symptoms. The etiological relationship
between IBGC and its psychiatric manifestations has been a
topic of controversy.!? Some authors have hypothesized that
IBGC affects the integration of the cortical-subcortical cir-
cuits.2* The psychiatric symptoms have been attributed to the
disruption of the dopamine (DA) system. A biochemical study
revealed an impaired nigrostriatal DA system.® A positron emis-
sion tomography (PET) study measuring ['#F]6-fluoro-L-dopa
uptake revealed, however, an intact nigrostriatal pathway.$
Thus, a direct association between IBGC and a dysfunction
in the DA system has not been established yet.

In this study, we performed PET analysis to evaluate the glu-
cose metabolism and the presynaptic and postsynaptic nigros-
triatal DA function and their pathophysiological significance in
an IBGC patient.

Case Report

A single 44-year-old woman was admitted after she attempted
suicide. Over the past 2 decades, she had been hospitalized sev-
eral times for a mood disorder with psychotic features. There
was no family history of psychiatric or neurological disorders.
On admission, the patient presented with agitation, suicidal
ideation, disorganized thought, and echolalia. Her neurological
examination revealed no abnormalities. Cranial radiography
showed bilateral calcification of the striatum, and brain com-
puted tomography revealed bilateral symmetrical calcification
of the dentate nuclei of the cerebellum, caudate nuclei, puta-

J Neurcimaging 2010;20:189-191.
0O!: 10.1111/j.1552-6569.2008.00314.x

men, globus pallidus, and the nuclei pulvinares thalami (Fig 1).
Atrophy was not observed in the cerebral cortex. Laboratory
findings, including serum and urine calcium and phosphate lev-
els and serum parathyroid hormone levels, were normal. Her
electroencephalogram was normal. Based on these findings, she
was diagnosed with IBGC.

The patient received 4 mg/day of risperidone and
800 mg/day of lithium carbonate; her agitation and disorga-
nized thinking were ameliorated within 2 weeks. However,
she developed a drug-induced Parkinsonism that manifested
as tremor, rigidity, shuffling gait, and dysphagia. Thus, the pre-
vious medication was tapered and switched to 50 mg/day of
trazodone during a month period. Though the Parkinsonism
described above temporarily improved, a catatonic syndrome
such as stupor, echolalia, rigidity, and dysphagia ensued. A
course of electro-convulsive therapy (ECT) was indicated for
which informed consent was obtained from the patient’s father.
She was administered bitemporal ECT. After 8 sessions of ECT,
she was completely relieved of catatonic symptoms.

PET scanning using [''C]-labeled 2p-carbomethoxy-38-
(4-flurophenyl)-tropane ([''C|CFT), a ligand for the striatal
pre-synaptic DA transporter, and [''C]-labeled raclopride
{I"C]JRAC), which binds DA Dy receptors and reflects post-
synaptic DA function, and ['*F|fluorodeoxyglucose (['*F]FDG)
was performed 1 month after the cessation of risperidone,
when the patient exhibited a catatonic syndrome. Further, an
["8FJFDG-PET scan was obtained again one week after the
last ECT session. The data acquisition methods have been
described previously.”® The study protocol was approved by
the Ethics Committee of the Tokyo Metropolitan Institute of
Gerontology, and informed consent was obtained from the pa-
tient’s father.

Copyright © 2008 by the American Society of Neuroimaging 189
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Fig 1. (A) Cranial CT images representing bilateral calcitication
of the striatum and the cerebellum. (B} PET images representing
decreased uptake of [''C]CFT, [''CJRAC, and ['8F}FDG in the bi-
lateral striatum. Images of ['8FJFDG-PET were based on the static
distribution of ['8F]FDG activity.

The results showed significantly decreased accumulation of
["'CICFT and {"'C|RAC in the bilateral striatum. The area
demonstrating decreased uptake was consistent with the distri-
bution of calcified region (Fig 1. Table 1), W idespread decreases
in glucose uptake were observed in the bilateral cercbral cor-
tices; prominent reduction was observed in the right prefrontal,

Table 1.

temporal, and parictal cortices. After the final ECT session. im-
provement was observed in areas that had previously shown
significant hypometabolism (Fig 2).

Discussion

Animportant limitation of this study is that the possible effect of
antipsychotics on the DA D, receptors could not be eliminated.
However, though the reported DA D, receptor occupancy ol
risperidone is about 79% at 24 hours after single oral admin-
istration of 3 mg,” we think that the interval after cessation
of antipsychotics we took is appropriate for diminishing its cf-
fect on DA Dy receptors. Furthermore, as trazodone at 2.5-20
mg/kg reportedly did not block DA D, receptors in rats, i
suggests that trazodone at Img/kg prescribed for this patient
does not affect the result of [ CJ[RAC-PET,

Previous imaging studies of 1BGC with schizophrenia-like
psychosis revealed abnormalities in the basal ganglia. !}
Casanova et al. suggested that abnormalities in iron metabolism
may play a substantial role in the process of calcification
and the dopaminergic dysfunction observed in 1BGC patients
with schizophrenia-like psychosis." Thus. it is postulated that
the process of mineralization precipitates neuronal degenera-
tion, leading to the functional derangement of the basal gan-
glia in these patients. Our resull indicated that the density
of the DA transporter and DA D, receptor was decreased,
resulting in a decline in pre- and postsynaptic DA func-
tions in the bilateral striatum. Regarding the finding that the
arca which showed the functional derangement of DA system
matched the distribution of calcification, DA dysfunction in our
case might reflect the destruction of synaplic structure due o
calcification.

A prominent feature in our case is the marked hy-
pometabolism in the right frontal, temporal, and parietal cor-
tices that improved afier the ECT sessions along with a reso-
lution of psychiatric symptoms. This finding is consistent with
previous imaging studics that demonstrated the involvement of
the orbitolrontal cortex and the right parietal cortex in catatonic
patients.™* Cortical alterations in our case may reflect a disrup-
tion of the cortico-subcortical circuits due to striatal dysfunction,

Ratio Index for [ CJCFT and |V CJRAC, and Uptake Ratio of [ FIFDG

Ratio index for [''C]JCFT Ratio Index for [''C]JRAC

Uptake Ratio of ['® FJFDG

Region of Interest Control Control Controt
(ROIs) Case (Mean x SD) Case (Mean + SD) Case (Mean + SD)
Right caudate 2.26° 1.09 £ .77 1.85* 3.90 £ .58 Caudate Before ECT 100 1.39 £ .11
Left caudate 2.0 2.05° After BCT 1.08

Right anterior putamen 2,27 124 £ 80 231* 1.53 + .55 Anterior Before ECT 1217 149 £ .11
Left anterior putamen 2.29° 2.28" putamen  After ECT 1147

Right posterior putamen  2.20° 399+ .73 2,56 445 £ .57 Posterior Before ECT 155 151 £ .12
Left posterior putamen  2.19* 237" putamen  After ECT 144

For ratio index, the regions of interest (ROIs) were located in the caudate nucleus and the anterior and posterior part of the
putamen on cach side with reference to individual MR images. The ratio index of a target region was calculated by selting the
cerebellum as the region of reference using simple ratio method. We then compared these values with those from age-matched
control subjects (n = 14, wges 35-43). Uptake ratio of [*F]FDG in the basal ganglia relative to the cerebellum was also calculated
before and after ECT, then compared with the mean value in normal controls (the same cobort noted above) . * 2 SD below the mean.
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Fig 2. Axial and coronal images of ['®FJFDG PET before and
after the ECT sessions indicating the improvement in regional hy-
pometabolism in the right frontal, temporal, and parietal cortices after
ECT (arrow).

in particular the lateral orbitofrontal loop that reciprocally con-
nect the caudate nucleus with the lateral orbitofrontal cortex.
Increased relative uptake of [MFIFDG in the caudate nucleus
after ECT further supports an involvement of the lateral or-
bitofrontal loop in the resolution of psychiatric symptoms.
Pre- and post-synaptic DA dysfunction in the putamen might
affect the severity of motor symptoms such as rigidity and dys-
phagia of our case, for several neuroimaging studies had re-
vealed loss of dopamine transporters in the putamen of patients
with Parkinson's discase, progressive supranuclear palsy (PSP},
and multiple system atrophy (MSA), as well as decreased DA
D)y receptors in patients with PSP and MSA.Y In addition, de-
creased relative glucose uptake in posterior putamen after ECT

observed in our case may reflect the clinical improvement of

molor symptoms,
In conclusion, our results suggest that the functional decline
in the DA system in the calcified arca of the bilateral striatum

contributed to clinical manifestations in our patient. However,
further investigations with a larger sample size are warranted to
elucidate the pathophysiology of IBGC.
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Abstract We described the cases of two patients with
dementia associated with motor neuron disease, the former
with frontotemporal dementia (FTD) and the latter with
Alzheimer’s disease (AD), studied by the Pittsburgh com-
pound B-positron emission tomography (PIB-PET). In the
FTD patient, the PIB-PET revealed no amyloid accumu-
lation in the cortex, whilst in the AD patient showed
amyloid accumulation mainly in the frontal, parietal and
lateral temporal lobes, besides the posterior cingulate gyrus
and the precuneus. Thus, PIB-PET might facilitate the
discrimination of different proteinopathies that cause neu-
rodegenerative diseases, as dementia associated with ALS.
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Introduction

Some motor neuron diseases (MNDs) are accompanied by
cognitive impairment and occasionally confused with
Alzheimer’s disease (AD). Frontotemporal dementia (FTD)
can occur clinically in patients with MND in approximately
2% of sporadic amyotrophic lateral sclerosis (ALS) cases;
this condition is called as FTD-MND [1]. On the other
hand, some studies suggest that from one-third to half of
the ALS patients have some types of cognitive impair-
ments, including AD, throughout the clinical course, and
many studies have indicated an overlap between ALS and
cognitive impairment [2].

It has been reported that FDG-PET is useful for the dif-
ferential diagnosis of several types of dementia, especially
AD and FTD. Recently, Pittsburgh compound B-positron
emission tomography (PIB-PET) has been used to evaluate
the degree of amyloid accumulation in the brain. In general,
AD is characterized by the accumulation of amyloid in
the cortex of the frontal, parietal, and lateral temporal
lobes, whereas this type of accumulation is not specific for
FTD. Therefore, the evaluation of the cortex using PIB-PET
could help us to understand the origin of the cognitive
impairment.

We conducted PIB-PET study in two cases of dementia
associated with MND to confirm the clinical significance of
the PET study.

Case report
Case report 1

A 61-year-old man presented with cognitive impairment
with muscle atrophy and muscle weakness of the first
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dorsal interosseus; the condition had been progressive since
October 2007. On admission to our hospital in 2008, the
score for Hasegawa’s Dementia Scale-Revised (HDS-R)
was 11/30, and that for Mini-Mental State Examination
(MMSE) was 15/30, in which recent memory, verbal recall,
and orientation were mainly affected. Frontal signs such as
forced laughter, personality disorder, and depressive mood
were also observed. In addition, atrophy of the tongue,
fasciculations in the thigh, and weaknesses of the distal
muscles of the upper limbs, mainly in the first dorsal
interosseus were observed. Jaw and knee reflexes were
hyperactive, and both snout and tonic planter reflexes were
present. However, sensory deficits were not detected. His
medical history was unremarkable, and he had no family
history of neurological diseases. He was diagnosed as the
clinically probable ALS with the El-Escorial criteria [3]
and refused the treatment with riluzole and had no treat-
ment. Nerve conduction studies (NCS) were normal, while
needle electromyography (EMG) studies showed both
spontaneous activities and diffuse neurological changes in
the extremities and trunk; these symptoms were compatible
with MND. Magnetic resonance imaging (MRI) showed
mild atrophy in both the frontal and parietal lobes and in
the left hippocampus (Fig. 1). PIB-PET indicated no
accumulation of amyloids in the cortex, while PET with
18F-fluorodeoxyglucose (FDG-PET) indicated depressed
metabolism of glucose in the frontal and temporal lobes
(Fig. 2); these signs were compatible with FTD. These
findings suggested that the patient had FTD-MND.

Fig. 1 Mild atrophy of both the
frontal and parietal lobes and
the left medial temporal area
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Case report 2

A 79-year-old woman presented with cognitive impairment
which had been progressive since September 2005. She
developed bulbar palsy, including dysarthria and dysphagia,
since December 2007 and March 2008, respectively. Initial
evaluation in 2005 revealed that her HDS-R score was
25/30 and MMSE score was 25/30. The neurologic exam-
ination was normal. The diagnosis was mild cognitive
impairment and, after 3 years, HDS-R was 21/30 and
MMSE was 24/30, with disturbances in both recent memory
and orientation. Atrophy and fasciculation of the tongue
were observed, while mild muscle atrophy and weakness of
the neck and both the upper limbs were observed. Deep
tendon reflexes in both the upper limbs were hyperactive,
and snout reflex was present. However, there were no sen-
sory deficits. Her medical history was unremarkable, and
she had no family history of neurological diseases. NCS
were normal, whereas needle EMG studies revealed high
amplitude, long duration, and polyphasic spontaneous
activities in the upper extremities, although spontaneous
activities were not found. These findings suggest that this
patient was compatible to the clinically probable labora-
tory- supported ALS with the El-Escorial criteria [3] with
the one lesion showed the upper and lower motor signs.
Brain MRI showed mild atrophy in both the left and right
hippocampus and diffuse atrophy in the cerebral cortex
consistent with her age (Fig. 3). PIB-PET indicated accu-
mulation of amyloids mainly in the frontal lobe, anterior




