Fig 7. Corticobasal degeneration {CBD), case 1. An B4-year-old woman. A, Axial T2-weighted image shows a high signal intensity in the right frontal subcortical white matter {white arrow).
B, In a microscopic specimen of the right frontal lobe correspanding to the site of white matter lesions, myelin sheath staining is decreased {red oval). The scale is 1 mm. C, In this area,
there is positive staining for antiphosphorylated tau antibody on AT8 staining, which is compatible with the primary changes in CBD. The scale is 50 pm.

Fig 8. Corticobasal degeneration (CBD), case 3. A 70-year-old man. A, An axial fluid-attenuated inversion recovery image shows a high signal intensity bilaterally over a wide area in the
frontal lobes {arrow). B, Corresponding to sites of white matter lesions, myelin sheath staining is decreased {arrow). The scale is 5 mm. C, These sites are stained positively for
antiphosphorylated tau antibody. The scale is 50 m. The changes are primary characteristics of CBD.

the early stage, but patients may be misdiagnosed due toalack
of cortical symptoms.'® ' The above patient (case 2) may be
an example of such a clinical presentation. Clinical evaluation
showed little evidence of asymmetric cortical dysfunction, and
neuropathology revealed only minimal cortical asymmetry. In
this case, MR imaging showed a slight high signal intensity in
the frontal SCWM; the midbrain tegmentum was severely at-
rophied, with an area of 71 mm?® and T1-weighted imaging
showed symmetric high-intensity signals in the subthalamic
nucleus. Although a clear description is difficult on the basis of
only 1 case, it was demonstrated by the pathologic findings
that when identification of the cortical sign is difficult and
unilateral atrophy is unclear on imaging, imaging findings,
such as atrophy of the midbrain tegmentum, an abnormal
signal intensity in the SCWM on FLAIR, or signal intensity
changes in the subthalamic nuclei on T1-weighted imaging,
may serve as supportive findings suggesting CBD.

CBD is important to differentiate from PSP. Oba et al®
described a convenient and objective approach to diagnosing
PSP based on midsagittal measurement of the midbrain teg-
mentum area. However, Koyama etal" also reported midbrain
tegmentum atrophy in CBD. In our 4 cases of neuropathologi-
cally confirmed disease, severe midbrain tegmentum atrophy
was also observed. Although there was a limited number of

cases, because there was no individual overlap of the midbrain
tegmental area between the healthy controls and patients with
pathologically confirmed CBD and PSP, investigation of mid-
brain tegmental atrophy may have led to the diagnosis of CBD
and PSP. Although no statistical analysis was performed be-
cause of the limited number of cases, it may be difficult to
differentiate CBD from PSP on the basis of the presence of
midbrain tegmental atrophy alone. A so-called “penguin sign”
may be a distinguishing feature of PSP, but with severe mid-
brain tegmentum atrophy, both PSP and CBD must be con-
sidered. On neuropathology, there was marked depigmenta-
tion of the substantia nigra and locus ceruleus. Other findings
included melanophagia and gliosis, and Gallyas-Braak silver
staining revealed argyrophilic threads and granular or fibrous
inclusion bodies. These findings were consistent with CBD as
a cause of the atrophy. The degeneration of motor nerve nu-
clei, including the oculomotor and abducens nuclei, in the
brain stem tegmentum was also noted, but no corresponding
imaging findings were seen in the present study.

The localization of SCWM abnormalities, though different
from those in previous reports,”'> was prominent in the
present study. In CBD, Tokumaru et al,’”” Doi et al,'® and
Koyama et al' described predominantly unilateral SCWM ab-
normalities on T2-weighted imaging and FLAIR. In their re-
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Fig 9. Corticobasal degeneration (CBD), case 1. An 84-year-old woman. A, Coronal T1-weighted image shows symmetric high signal intensity bilaterally in the subthalamic nuclei {arrows).8
A macroscopic specimen shows a brownish change in the subthalamic nuclei {arrows). €, On microscopic examination {AT8 stain), antiphosphorylated tau antibody—positive neurons and
gliosis are observed. Thase changes are characteristic of CBD. The scale is 100 pum.

-l

Fig 10, Progressive supranuclear palsy (PSP). An 84-year-old man. A, Coronal T1-weighted image shows a symmetric high signal intensity bilaterally in the subthalamic nuclei {arow). B,
A microscopic specimen of myelin-sheath staining shows the atrophic change of the subthalamic nuclei {arrows). The scale is 1 mm. C, On microscopic examination in the subthalamic
nuclei, AT8 staining is clearly positive in the neurons (brown area). An enfarged image shows a tuft. These changes are characteristic of PSP. The scale is 100 fum.

ports, localization in the precentral gyrus of the SCWM and  imaging and FLAIR showed widespread signal-intensity
signal-intensity abnormalities contralateral to the clinically af-  changes in the frontal lobe white matter bilaterally. This ap-
fected side were noted.""'® However, in the present study, the  pearance differed from that reported by Doi et al'® and
localization of white matter signal-intensity abnormalitiesdif- ~ Koyama et al.' In 2 patients, signal-intensity abnormalities
fered among the 3 cases. In particular, in case 3, T2-weighted ~ were present in the superior frontal gyrus white matter. Only 1
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patient showed signal-intensity abnormalities in the precen-
tral gyrus SCWM. Itis important to recognize the possibility of
CBD showing different localizations of atrophy and white
matter signal-intensity abnormalities rather than findings in
the more typical cases as reported by Koyama et al." In cases
without predominantly unilateral cortical signs on clinical
evaluation, the localization of atrophy and SCWM signal-in-
tensity abnormalities may differ from typical cases. In these
cases, MR imaging findings of high signal intensity in the sub-
thalamic nucleus on T1-weighted images and severe atrophy
of the midbrain tegmentum on midsagittal sections can pro-
vide useful information.

Rebeiz et al'” first reported CBD with distinct features and
a clinically asymmetric onset characterized by apraxia, dysto-
nia, postural instability, and an akinetic-rigid syndrome that
does not respond to levodopa, but since then, cases presenting
with dementia, in which Alzheimer or Pick disease must be
ruled out, and cases with other clinical features, in which PSP
must be ruled out, have been reported.'®?! A variety of under-
lying neuropathologic features have also been reported. Re-
centreports clarified the presence of many phenotypes of CBD
neuropathologically and clinically.'®'* Although there were
only 4 cases, it was difficult to diagnose CBD clinically in cases
definitely diagnosed neuropathologically, and 1 case showed
imaging findings different from those previously reported.
Thelesions in the white matter widely expanded bilaterally in case
3, indicating that the clinical features alone did not confirm CBD.
This case probably represents a new clinical phenotype of CBD.

Neuropathologic examination of SCWM lesions that cor-
related with the MR imaging findings showed the typical
tauopathy of CBD. The degenerative changes were character-
istic of CBD. In 1996, we suggested, on the basis of the neuro-
pathologic findings in CBD, that white matter lesions of the
frontal lobe were secondary degenerative changes.'® Doi etal'®
and Koyama et al' also believe that these white matter lesions
in CBD reflect the progression of neuronal degeneration, es-
pecially demyelination secondary to axonal loss or change.
However, in the present study, at sites where MR imaging
showed white matter lesions, though neuropathologic exami-
nation revealed some secondary degeneration, tauopathy in
the white matter, particularly the SCWM, was clearly evident.
This shows a positive radio-pathologic correlation of these
changes in CBD. In 2002, Dickson et al® proposed neuro-
pathologic criteria, with a primary emphasis on tau-positive
neuronal and glial lesions, for the diagnosis of CBD. Advances
in neuropathologic staining methods to evaluate tau have ex-
panded our knowledge of these primary changes in CBD.
Dickson et al also confirmed tauopathy of the white matter in
CBD. After the report of Dickson et al, the neuropathologic
evaluation criteria for lesions in the white matter apparently
changed, and the finding that lesions in the white matter were
primary degeneration in CBD, not secondary, may be impoz-
tant new information for the evaluation of an association with
clinical and pathologic findings. In the present cases, degener-
ation was severe, affecting U-fibers, which should be investi-
gated to collate with MR images.

T1-weighted images, obtained in 3 patients with CBD,
showed symmetric high-intensity signals in the subthalamic
nucleus. This finding was also present in a high proportion of
patients with PSP, making an MR imaging—based differential

diagnosis difficult. Neuropathology of sites corresponding to
these signal-intensity changes showed tauopathy-related de-
generation. Gliosis was also present, but on T2-weighted im-
aging and FLAIR, signal-intensity changes were difficult to
detect. Only axial sections were obtained on T2-weighted im-
aging. These may have been insufficient to delineate the sub-
thalamic nudeus adequately. In PSP, there was a high rate of
similar findings, so these were not useful in the differential
diagnosis. In all patients with PSP, the neuropathology
showed more severe degeneration than in those with CBD. In
addition to midbrain tegmentum atrophy, the localization of
degeneration was similar in CBD to that seen in PSP. These
signal-intensity changes were only visually evaluated by the
neuroradiologists in the limited number of cases, but no sig-
nal-intensity change was noted in the pathologically healthy
group, suggesting that primary degenerative findings of the
individual diseases in the subthalamic nuclei and abnormal
signals in this region are significant to some extent. However,
differentiating CBD and PSP based on these findings alone is
not possible. Therefore, a combination of imaging findings,
including the presence of white matter signal-intensity
changes and asymmetric atrophy, is important in correctly
diagnosing CBD.

Conclusions

The correlation between radiologic and pathologic findings
was investigated in patients with CBD, and MR imaging find-
ings that could be used to differentiate CBD from PSP clini-
cally were identified.

In CBD, midbrain tegmentum atrophy was severe, and de-
generation in this area was correlated with the severity. How-
ever, this finding did not help in the differential diagnosis dis-
tinguishing CBD from PSP. Tl-weighted imaging showed
symmetric high-intensity signals in the subthalamic nucleus,
but alarge proportion of patients with PSP had a similar find-
ing. On neuropathologic examination, each disorder showed
characteristic degeneration. The degree of degeneration was
more severe in PSP, but no imaging-based differences were
observed. In CBD, there was a high rate of atrophy contralat-
eral to the clinically affected side, with extension to the central
sulcus. This suggests that the localization of atrophy differs
depending on the underlying etiology. In PSP, unilateral atro-
phy was not a predominant finding.

MR imaging, FLAIR, and T2-weighted imaging showed
high signal intensities in the SCWM. Previous studies have
correlated this finding with secondary degeneration. The
present study is the first to correlate these SCWM signal-in-
tensity changes with primary degeneration in CBD. In addi-
tion, the localization of white matter lesions was correlated
with a variety of clinical phenotypes. This suggests that there
are CBD types other than those that are localized only to the
precentral gyrus SCWM.
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Abstract

Purpose The aim of this study was to evaluate the diagnostic
potential of cardiac '*’I-labelled metaiodobenzylguanidine
(*?I-MIBG) scintigraphy in idiopathic Parkinson’s disease
(PD). The diagnosis was confirmed by positron emission
tomography (PET) imaging with ''C-labelled 28-
carbomethoxy-33-(4-fluorophenyl)-tropane (*'C-CFT) and
" Craclopride (together designated as dopamine PET).
Methods Cardiac '*I-MIBG scintigraphy and dopamine
PET were performed for 39 parkinsonian patients. To
estimate the cardiac '*’I-MIBG uptake, heart to mediasti-
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num (H/M) ratios in early and delayed images were
calculated. On the basis of established clinical criteria and
our dopamine PET findings, 24 patients were classified into
the PD group and 15 into the non-PD (NPD) group.
Results Both early and delayed images showed that the
H/M ratios were significantly lower in the PD group than in
the NPD group. When the optimal cut-off levels of the H/M
ratio were set at 1.95 and 1.60 in the early and delayed
images, respectively, by receiver-operating characteristic
analysis, the sensitivity of cardiac '*’I-MIBG scintigraphy
for the diagnosis of PD was 79.2 and 70.8% and the
specificity was 93.3 and 93.3% in the early and delayed
images, respectively. In the Hoehn and Yahr 1 and 2 PD
patients, the sensitivity decreased by 69.2 and 53.8% in the
early and delayed images, respectively.

Conclusion In early PD cases, cardiac '2’I-MIBG scintig-
raphy is of limited value in the diagnosis, because of its
relatively lower sensitivity. However, because of its high
specificity for the overall cases, cardiac '*I-MIBG scintig-
raphy may assist in the diagnosis of PD in a complementary
role with the dopaminergic neuroimaging.

Keywords '“I-MIBG - 'C-CFT- ''C-Raclopride -
Scintigraphy - Positron emission tomography -
Parkinson’s disease

Introduction

Cardiac '®*I-labelled metaiodobenzylguanidine (‘*’I-MIBG)
scintigraphy has been suggested to be useful for the
diagnosis of idiopathic Parkinson’s disease (PD), because
many recent studies have revealed that cardiac *’I-MIBG
uptake decreases with disease progression and that almost all
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patients in the advanced stage of PD show decreased cardiac
121 MIBG uptake [1-5]. However, it is unclear whether
cardiac '**I-MIBG uptake is a good surrogate marker for the
diagnosis of PD, especially in early and mild PD cases,
~which are the most difficult to diagnose in daily clinical
practice, because the data on the reduction of cardiac 123
MIBG uptake in the early stage of PD vary greatly among
different studies [1-8]. Therefore, we aimed to investigate
the sensitivity and specificity of cardiac '*I-MIBG scintig-
raphy in diagnosing PD, focusing on early and mild cases of
PD in the Hoehn and Yahr (HY) stages 1 and 2.

While planning this study, we focused on dividing the
patients into PD and non-PD (NPD) groups in the most
appropriate manner in order to acquire precise results.
Previous studies have shown that the usual clinical
diagnostic accuracy of PD ranges from 70 to 90%, and
the accuracy rate greatly decreases in early cases [9-12]. In
vivo neurofunctional imaging of the basal ganglia, which
provides images of both pre- and postsynaptic nigrostriatal
dopaminergic functions, has been recognized as a standard
marker for the diagnosis of PD in every clinical stage [13—
25]. Therefore, in order to improve the accuracy of the
diagnosis of PD, especially in early PD cases, and to
classify the patients into the PD and NPD groups in a more
appropriate manner, we performed positron emission
tomography (PET) imaging with ''C-labelled 24-
carbomethoxy-3 B-(4-fluorophenyl)-tropane (*'C-CFT) and
"C.raclopride. PET imaging with ''C-CFT and ''C-
raclopride can assess the levels of presynaptic dopamine
transporter (DAT) and postsynaptic dopamine Dj;-like
receptor (D,R), respectively, in the striatum. The two types
of PET imaging techniques were together designated as
dopamine PET. Further, we proposed the definitions of
PD and NPD patterns in dopamine PET findings on the

Fig. 1 Diagnostic flow chart
and schematic representation of
classification process. Patients
were classified into PD and

basis of the results which had been confirmed by previous
studies.

We also investigated the association between cardiac
sympathetic function assessed by cardiac '*’I-MIBG
uptake, presynaptic nigrostriatal dopaminergic function
assessed by striatal 'C-CFT uptake and disease stage
determined according to the HY scale.

Materials and methods
Subjects

The present study was a retrospective study. The subjects
comprised 39 patients who visited the neurological outpa-
tient clinic at Tokyo Metropolitan Geriatric Hospital from
November 2001 to October 2007. They chiefly com-
plained of one or more parkinsonian symptoms, includ-
ing resting tremor, rigidity, bradykinesia and postural
instability. The patients were divided into PD and NPD
groups (Fig. 1). Cardiac '**I-MIBG scintigraphy, dopa-
mine PET and magnetic resonance imaging (MRI) were
performed for all patients. None of the patients had any
concomitant hereditary disorder that could cause parkin-
sonian symptoms. None of the patients had an individual
history of any heart disease. Further, none of the patients
were on any medication that could cause parkinsonian
symptoms.

For dopamine PET, eight healthy subjects (five men and
three women) aged 55-74 years [meantstandard deviation
(SD) = 62.3+6.9 years)}were considered as controls. They
were deemed healthy based on their medical history,
physical and neurological examinations and MRI of the
brain. Further, none of them were on medication.

9

. N=22 N=17

NPD groups on the basis of - -
respective published clinical Dopamine-PET J I Dopamine-PET
criteria and our dopamine PET PD NPD . PD NPD
findings pattern pattern pattern pattern

N=2 N=15

N=0
2
PD group NPD group
N =24 N=15
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This study protocol was approved by the Ethics
Committee of the Tokyo Metropolitan Institute of Geron-
tology. Written informed consent was obtained from all
participants.

PET imaging

PET imaging was performed at the Positron Medical
Center, Tokyo Metropolitan Institute of Gerontology by
using a SET-2400 W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode [26], as described
previously [27, 28]. The transmission data were acquired
using a rotating *®Ga/*®Ge rod source for attenuation
correction. Images of 50 slices were obtained with a
resolution of 2x2x3.125 mm voxels and a 128%]128
matrix.

Dopamine PET imaging "'C-CFT and '!'C-raclopride were
prepared as described previously [29, 30]. The two types of
PET imaging were performed for all of the subjects on the
same day. The patients being treated with antiparkinsonian
drugs underwent dopamine PET following at least
15 h deprivation of the medications. Each subject was
administered an intravenous bolus injection of 34162
(mean + SD) MBq of *!C-CFT, followed by that of 31156
(mean + SD) MBq of ''C-raclopride after 2.5-3 h. To
measure the uptake of the tracers, static scanning was
performed for 75-90 and 40-55 min after the injection of
""C-CFT and ''C-raclopride, respectively. The specific
activity of "C-CFT and "C-raclopride at the time of
injection ranged from 5.9 to 134.2 GBg/umol and from
10.2 to 201.7 GBg/umol, respectively.

Analysis of dopamine PET images Image manipulations
were performed using Dr. View version R2.0 (AJS, Tokyo,
Japan) and SPM2 (Functional Imaging Laboratory, London,
UK) implemented in MATLAB version 7.0.1 (The Math-
Works, Natick, MA, USA).

The two PET images and one MRI image obtained for each
subject were coregistered. The three coregistered images were
resliced transaxially, parallel to the anteroposterior intercom-
missura} (AC-PC) line. Circular regions of interest (ROIs)
were selected with reference to the brain atlas and individually
coregistered MRI images. In each of the three contiguous
slices, one ROI with 8-mm diameter was selected on the
caudate, two ROIs on the anterior putamen and two on the
posterior putamen on both the left and right sides. In other
words, the AC-PC plane and regions 3.1 and 6.2 mm above
the AC-PC line were selected. A total of 50 ROIs with 10-mm
diameter were selected throughout the cerebellar cortex in five
contiguous slices.

To evaluate the uptake of "'C-CFT and ''C-raclopride,
we calculated the uptake ratio index by the following

formula [15, 31]: uptake ratio index = (activity in each
region — activity in the cerebellum)/(activity in the
cerebellum). We previously validated the method to
estimate the binding potential of ''C-raclopride and ''C-
CFT, adopting the uptake ratio index [27, 28]. For the
further analyses, the uptake of each tracer in each subregion
of the striatum (the caudate, anterior putamen and posterior
putamen) was evaluated as the average value of the left and
right sides. The uptake of each tracer in the whole striatum
was evaluated as the average value of entire ROIs in the
whole striatum.

Cardiac '**I-MIBG scintigraphy

Scintigraphic studies were performed at Tokyo Metropoli-
tan Geriatric Hospital by using a triple-headed gamma
camera (PRISM-3000, Shimadzu, Kyoto, Japan). None of
the patients were on any medication, i.e. they were not
receiving any drugs such as antidepressants and mono-
amine oxidase inhibitors, which might influence cardiac
I2Z.MIBG uptake. After a 30-min resting period, each
patient was administered an intravenous bolus injection of
111 MBq of ***I-MIBG (Fujifilm RI Pharma Co., Tokyo,
Japan). Planar images of the chest in the anterior view were
obtained twice for 5 min, starting at 20 min (early phase)
and then at 180 min (delayed phase) after the injection of
2L MIBG. Relative organ uptake of '*’I-MIBG was
determined by selecting the ROIs on the heart and
mediastinum in the anterior planar image [32]. Average
counts per pixel in the heart and mediastinum were used to
calculate the heart to mediastinum (H/M) ratio.

MRI

MRI was performed at Tokyo Metropolitan Geriatric Hospital.
By using a 1.5-T Signa EXCITE HD scanner (GE, Milwau-
kee, WI, USA), transaxial T1l-weighted images [three-
dimensional spoiled gradient-recalled (3D SPGR), repetition
time (TR) = 9.2 ms, echo time (TE) = 2.0 ms, matrix size =
256 x 256 x 124, voxel size = 0.94 x 0.94 x 1.3mm] and
transaxial T2-weighted images (first spin echo, TR=
3,000 ms, TE=100 ms, matrix size = 256 x 256 x 20,
voxel size = 0.7 x 0.7 x 6.5mm) were obtained.

Clinical diagnosis

The diagnostic flow chart is shown in Fig. 1. First, the
patients were divided into two groups (22 patients in one
group and 17 patients in the other) on the basis of the
clinical criteria of the UK Parkinson’s Disease Brain Bank
(UKPDBB) [10]. Each group was then further classified on
the basis of dopamine PET findings. As shown in Fig. 2,
the PD pattern in dopamine PET was defined as follows: (1)
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Fig. 2 PD and NPD patterns defined on the basis of dopamine PET
findings. PD pattern: C.CFT uptake in the posterior putamen of
patients less than 50% of the mean uptake in the posterior putamen of
normal controls (a) and less than that in the caudate of patients (b);
U(.raclopride uptake in the posterior putamen of patients more than
the mean — 2 SD of the uptake in the posterior putamen of normal
controls (c). NPD pattern: ''C-raclopride uptake in the posterior
putamen of patients less than the mean + 2 SD of the uptake in the
posterior putamen of normal controls (¢). The patient was considered
to be PD pattern when both PD and NPD were fulfilled (d). The
uptake in each subregion of the striatum was evaluated as the average
value of both sides

"C_.CFT uptake in the posterior putamen of the patients
less than 50% of the mean uptake in the posterior putamen
of normal controls (Fig. 2a) and less than that in the caudate
of the patients (Fig. 2b) and (2) ''C-raclopride uptake in the
posterior putamen of the patients more than the mean ~
2 SD of the uptake in the posterior putamen of normal
controls (Fig. 2¢). The NPD pattern was defined as follows:
"'C.raclopride uptake in the posterior putamen of the
patients less than the mean + 2 SD of the uptake in the
posterior putamen of normal controls (Fig. 2c). The patient
was considered to be PD pattern when both PD and NPD
were fulfilled (Fig. 2d).

Statistical analysis

Differences in the averages and variances were tested by
Student’s ¢ test and one-way analysis of variance, respec-
tively. Correlations between the two groups of patients were
assessed by linear regression analysis with Pearson’s
correlation test; p values of <0.05 were considered
statistically significant.

) Springer

Results
Patients

Classification into PD and NPD groups All 22 patients
who fulfilled the UKPDBB PD criteria at initial diagnosis
[10] showed the PD pattern on dopamine PET (Fig. 1).
They were classified into the PD group. The other 17
patients were further classified according to dopamine PET
findings and respective published clinical criteria. Of the 17
patients, 2 showed the PD pattern on dopamine PET. In
fact, the symptom manifested was only resting tremor at
initial diagnosis; however, during the course of the study,
they fulfilled the UKPDBB PD criteria [10] and were
classified into the PD group.

Of the 17 patients, 15 showed the NPD pattern on
dopamine PET and were classified into the NPD group
(Fig. 1). These patients were then further divided into three
subgroups. Six patients fulfilled the multiple system
atrophy (MSA) criteria [33]. Two patients fulfilled the
progressive supranuclear palsy (PSP) criteria [34]. For the
remaining seven patients, no definitive diagnoses could be
established despite follow-up for more than 1 year.

Finally, 24 patients (7 men and 17 women, age range:
60-85 years, mean age + SD = 71.5+6.8 years) and 15
patients (8 men and 7 women, age range: 65-86 years,
mean age £ SD: 76.0+5.5 years) were classified into the
PD and NPD groups, respectively.

Demographic data Patient characteristics are summarized
in Table 1. In the PD group, 11 patients were drug naive, 7
were being treated with 1-dopa and 6 were being treated
with L-dopa and dopamine agonists at the time of dopamine
PET. The interval between cardiac '**I-MIBG scintigraphy
and dopamine PET was within 6 months for 16 patients,
between 6 and 12 months for 1 patient and more than
1 year for 7 patients. However, the HY stage of each patient
in the PD group remained the same between cardiac '*’I-
MIBG scintigraphy and dopamine PET. In the NPD group,
11 patients were not administered any antiparkinsonian
drug, and 4 were being treated with only r-dopa. The
interval between the two examinations was within 6 months
for 12 patients, between 6 and 12 months for 1 patient and
more than 1 year for 2 patients.

Uptake of '"PI-MIBG

Both the early and delayed images showed significantly
lower H/M ratios in the PD group than in the NPD group
(Fig. 3). In both the early and delayed images, the H/M ratios
tended to decrease with the progression of the HY stages;
however, the decrease was not statistically significant.
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Table 1 Clinical features of patients in Parkinson’s disease and non-Parkinson’s disease groups

Groups Patients Age (years) Duration (years) 1231 MIBG scintigraphy UC.CFT PET

Number  M:F Heart to mediastinum ratio Uptake ratio index in the

whole striatum
Early Delayed

Parkinson's disease 24 7:17  71.5+6.8 3.5+3.2 1.66+0.45 1.46x0.41 0.98+0.34
Hoehn and Yahr 1 4 0:4 65.0£7.7 2.942.6 1.75+0.33 1.49+0.29 1.49:+0.40
Hoehn and Yahr 2 2:7 73.9+5.6 2.4%1.0 1.81+0.54 1.60+0.45 1.00+£0.20
Hoehn and Yahr 3 5:3 71.9+7.2 3.0+£1.8 1.57+0.44 1.41+0.44 0.81+0.20
Hoehn and Yahr 4 0:3 72.3+5.0 9.0£6.1 1.36+0.05 1.12+0.08 0.69+0.07
Non-Parkinson's disease 15 8:7 76.0£5.5 2.8+1.9 2.35+£0.46 2.18%0.51 1.65+0.68
Data are expressed as mean+SD
Table 2 shows the sensitivity and specificity of cardiac - subregions of the striatum. Correlation between cardiac

MIBG scintigraphy in differentiating patients with PD from
the other patients with chief complaints of parkinsonian
symptoms. When the optimal cut-off levels of 1231 MIBG
were set at 1.95 and 1.60 by receiver-operating character-
istic analysis, the sensitivity of cardiac '**I-MIBG scintig-
raphy for the diagnosis of PD was 79.2 and 70.8% and the
specificity was 93.3 and 93.3% in the early image and
delayed images, respectively. In HY 1 and 2 PD patients the
sensitivity was 69.2 and 53.9% and in HY 3 and 4 PD
patients the sensitivity was 90.9 and 90.9% in the early
image and delayed images, respectively

Uptake of ''C-CFT
The uptake of 'C-CFT in the whole striatum decreased
with the progression of the HY stages (Fig. 4). Significant

reduction in the "'C-CFT uptake with the progression of the
HY stages was also observed in each of the three

Early image

1231 MIBG scintigraphy and ''C-CFT PET was evaluated in
the 16 patients who underwent the two examinations within
6 months. There was no significant correlation between the
" C-CFT uptake in the whole striatum and the H/M ratios in
both the early images (»=0.15, p=0.59) and delayed images
(r=0.21, p=0.43) (Fig. 5). Further, no significant correla-
tion was observed between the ''C-CFT uptake in each of
the three subregions of the striatum and the H/M ratio.

Discussion

In the present study, we investigated the sensitivity and
specificity of cardiac 'I-MIBG scintigraphy in diagnosing
PD and differentiating the patients with PD from the others
with chief complaints of parkinsonian symptoms. Further,
we investigated the correlation between cardiac sympathetic
function assessed by cardiac '**I-MIBG uptake, nigrostriatal

Delayed image

3.51 3.51
P<0.001
o P<0.001
3 . 3 o
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©
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Fig. 3 H/M ratios in the PD and NPD groups in early and delayed
images. Each graph represents the relation between the H/M ratio and
Hoehn and Yahr stage of PD and a comparison of the H/M ratios of
the total number of PD and NPD patients. Both images showed that

(total) (total)

Hoehn-Yahr stage

the H/M ratios were significantly lower in the PD group than in the
NPD group; however, the H/M ratios of patients in HY 1 of PD were
not significantly higher than those of the patients in HY 2 and 3 of
PD. NS not significant
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Table 2 Sensitivity and specificity of cardiac 1231 MIBG scintigraphy in differentiating Parkinson’s disease from other parkinsonian syndromes

Total PD patients (n=24)
Early image

Cut-off 1.80 1.85 1.90 1.95 2.00
Sensitivity 70.8% 75.0% 75.0% 79.2% 79.2%
Specificity 93.3% 93.3% 93.3% 93.3% 86.7%

Hoehn and Yahr 1 and 2 (n=15)

Early image
Cut-off 1.80 1.85 1.90 1.95 2.00
Sensitivity 53.8%  615%  615%  692%  69.2%

79.2%
80.0%

Delayed image

2.05 1.60 1.65 1.70 1.75 1.80 1.85
70.8% 75.0% 79.2% 79.2% 79.2% 87.5%
93.3% 80.0% 73.3% 73.3% 73.3% 73.3%

Delayed image

2.05 1.60 1.65 1.70 1.75 1.80 1.85
69.2%

53.8% 61.5% 69.2% 69.2% 69.2% 84.6%

Cut-off levels, for which both the sensitivity and specificity were more than 70%, are shown. The optimal cut-off levels determined by receiver-
operating characteristic analysis were at 1.95 and 1.60 in the early and delayed images, respectively

dopaminergic function assessed by ''C-CFT uptake and
disease stage determined according to the HY scale.

It has been reported that cardiac '**I-MIBG uptake in
patients with PD is significantly lower than that in patients
with other parkinsonian syndromes [1-7]; this result
corresponds to our results. Several reports suggest that the
severity of motor impairment and disease duration are
correlated with reduced '**I-MIBG uptake in patients with
PD [1, 2, 5, 6]; however, some other findings deny such
correlations, similar to ours [3, 4, 7, 8]. This discrepancy is
presumably explained by the fact that the degree of cardiac
1Z1.MIBG uptake in patients in HY 1 and 2 of PD varies
greatly among different studies. Difficult definitive diagno-
sis of PD in early and mild cases may also be because of
the great variation. On the other hand, almost all patients in
the advanced stage of PD have shown very low '*I-MIBG
uptake in both the previous and the present studies. Li et al.
reported that cardiac sympathetic denervation progresses
over time and that the rate of decrease in the number of
sympathetic terminals appears to be at least as high as that
of nigrostriatal dopaminergic terminals [35]. Therefore, we
considered that although the onset of cardiac sympathetic

Striatum Caudate

4 P<0.001

°

§ { P=0.01 P=0.002

Sl
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Uptake ratio index
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denervation varied among the patients with PD, severe
cardiac sympathetic denervation occurred in all of the
patients by the terminal stage of PD. In regard to the
association with a sympathetic symptom, it was reported
that reduced '*I-MIBG uptake does not always mean the
existence of a sympathetic symptom [1, 3, 4, 7]. Also in
this study, of the three patients in stage 4 of the HY scale
who showed very low '*I-MIBG uptake (Fig. 3), two had
orthostatic hypotension; however, the remaining one patient
had no cardiovascular sympathetic symptom and showed
no abnormality in the head-up tilt test. In contrast to **I-
MIBG uptake, the decrease in 'C-CFT uptake in the whole
striatum and in each of its three subregions significantly
correlated with disease progression represented by the HY
stages, as reported previously [14, 16, 22]. Considering the
causal pathophysiological mechanism of PD, this is
reasonable because ‘'C-CFT uptake directly indicates
nigrostriatal dopaminergic function.

We investigated the sensitivity and specificity of cardiac
22.MIBG scintigraphy in diagnosing PD and differentiat-
ing the patients with PD from the other patients with chief
complaints of parkinsonian symptoms. Similar to the
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Fig. 4 Relation between the HY stage and uptake ratio index of Ueo
CFT in the whole striatum, caudate, anterior putamen and posterior
putamen of patients with PD. In all four graphs, the uptakes in the
patients in HY 1 of PD are significantly higher than those in the
patients in HY 2 and 3 of PD. The uptakes in the caudate of patients in
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Hoehn -Yahr stage Hoehn -Yahr stage

HY 1 of PD are not significantly higher than those in the caudate of
controls, while the uptakes in the whole striatum, anterior putamen
and posterior putamen of patients in HY 1 of PD are significantly
higher than those in the corresponding regions of the controls. The
vertical bar represents the mean + SD of controls. NS not significant
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Fig. 5 Relation between the H/M ratio and uptake ratio index of e
CFT in the whole striatum, caudate, anterior putamen and posterior
putamen of patients with PD. Correlation was evaluated for 16
patients who underwent the two examinations (scintigraphy and PET)

previous meta-analysis of studies with a total of 246 PD
cases [36], in both early and delayed images our study
showed high specificity for the overall cases and high
sensitivity for the advanced cases. However, early cases
tended to have relatively lower sensitivity in both images,
although the sample size and methodology greatly differed
among the studies. Thus, our results suggested that even in
the case of sustained cardiac 'I-MIBG uptake, the
possibility of PD should not be denied and follow-up
clinical examinations, including '**I-MIBG scintigraphy,
should be conducted, especially in eatly and mild PD cases.
No definite correlation was found either between cardiac
1231 MIBG uptake and striatal ''C-CFT uptake or between
cardiac '**I-MIBG uptake and subregional ''C-CFT uptake
in the PD group. Two groups have reported the association
between the functional impairment of the nigrostriatal
dopaminergic system and that of the cardiac sympathetic
system [8, 37). Spiegel et al. (n=18) found a correlation
between the two indices, ie. 'I-MIBG and ''C-CFT
uptake, while Raffel et al. (n=9) found no correlation
between them. This discrepancy may be explained as
follows. The functional impairment of both the nigrostriatal
dopaminergic and cardiac sympathetic systems increases
with disease progression, as described earlier; hence, a
correlation was observed in some studies. On the other
hand, there is no report that suggests a direct cause-effect
relationship between the functional impairment of the
nigrostriatal dopaminergic system and that of the cardiac
sympathetic system. Thus, a statistically significant corre-
lation between the functional impairments of the two
systems may depend on the sample size and methodology.
However, the functional impairments of the two systems
would, in fact, occur and progress independently. Some-
times, impairment of the cardiac sympathetic function may
precede that of the nigrostriatal dopaminergic function,
while at other times, the latter may precede the former.
This is the first report wherein PD and NPD patterns in
dopamine PET findings were defined on the basis of the
results which have been confirmed as follows. In presynaptic

within 6 months. In all four graphs, no significant correlations are
observed between the early images (open circles) and delayed images

(plus signs)

DAT images, three characteristic changes are observed [14—
16, 22]. First, the reduction in the *C-CFT uptake in the
striatum begins from the posterior putamen, representing
the initial locus of PD [38]. Second, the uptake ratio of the
posterior putamen to the caudate is less than 1. Third, one
putamen is usually more affected than the other, reflecting
asymmetric degeneration. In fact, Fig. 4 shows that the ''C-
CFT uptake in the posterior putamen markedly decreased in
the early stage of PD, while that in the caudate was
relatively constant in the early stage. In postsynaptic DR
images, putaminal uptake is normal or mildly upregulated
in untreated PD, presumably as a compensatory response to
decrease in presynaptic dopamine [17-19]. On the other
hand, in treated or longstanding PD, the uptake restores to
the normal level in the putamen and most often decreases in
the caudate; this is presumably as a result of long-term
downregulation due to chronic dopaminergic therapy or
structural adaptation of the postsynaptic dopaminergic
system to the progressive degeneration of nigrostriatal
neurons [17, 19, 21]. In fact, in vitro studies have reported
that the densities of striatal D,Rs are maintained even in the
advanced stage [39, 40].

On the basis of the earlier mentioned characteristic
changes, especially in the posterior putamen, we defined
the PD and NPD patterns such that false-negative cases
should be as few as possible, because the aim was to
reinforce the published clinical criteria. For defining the PD
pattern, we considered that '*C-CFT uptake in the posterior
putamen of the patients should be less than that in the
caudate of the patients and less than 50% of the mean
uptake in normal controls. This percentage (i.e. 50%) was
selected (1) on the basis of previous PET reports and
considered suitable to distinguish normal from affected
individuals [14-16, 22] and (2) on the basis of previous
reports of in vitro studies, stating that parkinsonian
symptoms appear when 80% of the striatal dopamine is
lost or 50% of the nigral cells degenerate [38, 41].
Asymmetric uptake was not defined because of the
difficulty in determining the intraindividual differences in
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the uptake on the left and right sides. However, all 24
patients with PD showed asymmetric uptake. In the -
raclopride PET image, since the uptake in the putamen was
not less than the normal range, we considered that the
uptake in the posterior putamen was normal or increased.
For defining the NPD pattern, presynaptic function was not
determined because the degree of the presynaptic dysfunc-
tion varies with diseases. In the ''C-raclopride PET image,
we considered that the uptake in the posterior putamen was
normal or decreased because the uptake was not more than
the normal range, except for Lewy body disease.

Conclusions

In early and mild PD cases, cardiac '**I-MIBG scintigraphy
is of limited value in the diagnosis of PD, because the
sensitivity was indicated to be less than 70%. However,
because of its high specificity for the overall cases and high
sensitivity for the advanced cases, cardiac '*’I-MIBG
scintigraphy may assist in the diagnosis of PD in a
complementary role with the dopaminergic neuroimaging.
Disease progression indicated by the HY stages has a
stronger association with the nigrostriatal dopaminergic
function assessed by striatal "'C-CFT uptake than with the
cardiac sympathetic function assessed by cardiac '*I-
MIBG uptake. The impairment of the two functions would
occur and progress independently.
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Bipolar Disorder
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