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Objectives: To investigate regional differences in cerebral glucose metabolism and blood flow of
dementia with Lewy bodies (DLB), we studied 7 subjects with DLB and 20 normal controls using
F-18 fluorodeoxyglucose (FDG) and positron emission tomography (PET) and then examined the
same 7 subjects and 20 other normal controls with I-123 iodoamphetamine (IMP) and single photon
emission computed tomography (SPECT). Methods: The anatomically standardized images were
produced with NEUROSTAT and the regional relative metabolic and perfusional values were
calculated. Results: The mean reduction ratios of FDG uptake in the DLB group relative to the mean
normal controls in the parietal lobe and occipital lobe were 0.72 and 0.83, respectively, while the
corresponding mean reduction ratios of IMP uptake were 0.81 and 0.88, respectively. In the DLB
group, parietal FDG uptake was significantly lower than parietal IMP uptake (p < 0.05), occipital
FDG uptake was significantly lower than occipital IMP uptake (p < 0.05), and parietal IMP uptake
was significantly lower than occipital IMP uptake (p < 0.01), but there was no difference between
parietal and occipital FDG uptake. Conclusions: Our findings suggest that parietal metabolism and
perfusion are severely affected in DLB patients, though the occipital metabolic and perfusional
reduction is thought to be a feature of DLB. FDG-PET is thought to be superior to IMP-SPECT in
detecting functional changes in the DLB brain.
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INTRODUCTION

DEeMENTIA WiTH LEWY BODIES (DLB) has been recognized
as a clinical entity of primary degenerative dementia that
is pathologically characterized by the presence of Lewy
bodies in cortical, subcortical, and brainstem structures.
An international workshop proposed criteria for clinical
and pathological diagnoses of DLB (CDLBIW) in 1996.!
FDG-PET has found reduced regional glucose metabo-
lism in the occipital association cortex and primary visual
area in patients with DLB.>* The relative hypoperfusion
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in the occipital cortices has also been reported in patients
with DLB.>% Involvement of the medial and lateral oc-
cipital lobes is unique to patients with DLB, and occipital
hypometabolism and hypoperfusion are the features of
DLB that discriminate it from Alzheimer’s disease (AD).
Although these findings are used for clinical diagnosis of
DLB, the correspondence between FDG-PET and IMP-
SPECT is not known in detail, and it is unclear whether
FDG-PET is superior to IMP-SPECT. We compared
FDG PET and IMP-SPECT images in the same individu-
als with DLB.

SUBJECTS AND METHODS
Subject

All procedures followed the clinical study guidelines of
our institute, and were approved by the Institutional
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Table 1 Clinical features of patients with dementia with Lewy bodies

cognitive visual spontaneous
cases sex age MMSE ﬂucgtuation hallucinations p:rkinsonism
Case 1 F 68 19 yes yes no
Case 2 F 68 18 yes yes yes
Case 3 M 76 24 yes no yes
Case 4 F 77 23 yes yes yes
Case 5 F 78 24 yes yes no
Case 6 M 79 18 yes yes yes
Case 7 M 79 13 yes yes yes

Fig.1 ROI settings for the sensorimotor, occipital, and parietal association region on the MR template
image of NEUROSTAT. Occ: occipital lobe, SM: primary sensorimotor cortices, Par: parietal lobe.

Table 2 Parietal and occipital FDG and IMP uptake ratio
normalized to sensorimotor uptake in the DLB group and
normal control group (NC)

parietal occipital
DLB-FDG 0.74 £ 0.11 0.81 = 0.09
DLB-IMP 0.80=0.11 0.96 +0.14
NC-FDG 1.02 £ 0.07 0.98 + 0.06
NC-IMP 0.99 £ 0.07 1.09 £ 0.07

Review Board. Written consent was obtained after a
complete description of the study from all the subjects and
patients’ relatives. Seven patients with DLB who agreed
to undergo both FDG-PET and IMP-SPECT examina-
tions were selected. The patients were examined compre-
hensively by both neurologists and psychiatrists during a
short-term admission in the infirmary of our institute. The
diagnosis was based on standard neuropsychological ex-
aminations, routine laboratory tests, electroencephalog-
raphy, and cranial magnetic resonance (MR) imaging.
Diagnosis of probable DLB was based on the CDLBIW
criteria.! These criteria include three core features
(fluctuating cognitive functions, recurrent visual halluci-
nations and spontaneous Parkinsonism), any two of which
are necessary for a diagnosis of probable DLB. The mean
(+ standard deviation) age was 75.0 = 4.9 years, and the
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mean MMSE score was 19.9 + 4.1 (Table 1). Two groups
of normal control (NC) subjects were selected. Their
mean ages + SD were 65.6 = 9.9 (13 women and 7 men)
for the FDG-PET images and 65.6 + 10.4 (14 women and
6 men) for the IMP-SPECT images. Both FDG and IMP
NC subjects were age-matched; however they could not
be age-matched with the DLB group due to the limitation
of the number of IMP-SPECT NC subjects. The control
subjects showed no clinical evidence of cognitive deficits
or neurological disease and were taking no short or long-
term medications at the time of the scan. They had no
abnormal findings on MR images. None of the subjects in
this study had diabetes mellitus.

PET and SPECT procedure

The detailed PET procedure is described elsewhere.” In
brief, FDG-PET images were obtained using a Headtome
IV scanner (Shimadzu Corp., Kyoto, Japan). All subjects
had fasted for at least 4 hours before PET scanning.
Subjects were studied under resting conditions with eyes
closed and ears unplugged. After a transmission scan, a
12-minute emission scan was started 60 min after intra-
venous injection of 185-370 MBq of FDG. Data were
collected in 128 x 128 matrices. The slice thickness was
11 mm and the slice interval was 6.5 mm when the z-
motion mode was used. The subject’s head was placed
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Fig. 2 Relative occipital glucose metabolism and blood flow in
the DLB and normal control (NC) groups. The line indicates the
minimal relative metabolic and perfusional occipital values of
the NC group as the cut-off point for diagnosis of DLB. Closed
circles represtnt subjects diagnosed as DLB by this cut-off point.

horizontally on the table of the PET scanner, and the
gantry and the table of the PET scanner were adjusted
according to the coordinates determined with MR imag-
ing, so that the scans were taken parallel to the AC-PC
plane.

The detailed SPECT procedure is described elsewhere.®
In brief, IMP-SPECT images were obtained with a rotat-
ing dual-headed gamma camera (GAMMA VIEW SPECT
2000H 20, Hitachi, Tokyo, Japan). Twenty minutes after
the injection of 111 MBq of 'I-IMP, the SPECT scan
was started. The SPECT acquisition was done in 60 steps,
with each step lasting 30 seconds. Data were collected in
64 x 64 matrices, and were reconstructed in transaxial
sections parallel to the frontal pole-occipital pole plane
with 8 mm thickness.

All the subjects were studied under resting conditions
with eyes closed and ears unplugged with PET and/or
SPECT.

Data analysis

We used NEUROSTAT (University of Michigan, Ann
Arbor, MI, USA) for anatomical standardization of PET
and SPECT images, because we found that NEUROSTAT
was suitable for anatomical standardization of atrophied
brains,”!% and because brain atrophy is often seen in the
DLB group. The image sets were transformed on a Power
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Fig. 3 FDG-PET and IMP-SPECT images of a 68-year-old
female patient with DLB. Her MMSE score was 18. In the FDG-
PET image, diffuse glucose hypometabolism is demonstrated
except in the basal gangli and thalami, while in the IMP-SPECT
image, occipital blood flow is preserved.

Mac G4 computer (Apple, CA, USA) to a standard ster-
eotactic space using the part of the program NEUROSTAT
that generates standardized three dimensional stereotac-
tic surface projections (3D-SSP) data sets for individual
subjects.

Six to twelve circular regions of interest (ROIs) (10 mm
diameter) were placed on the cortical ribbon of the sen-
sorimotor, occipital, and parietal association region on the
MR template image of NEUROSTAT which is coordi-
nated to Talairach space (Fig. 1). Then the same ROIs
were transferred to the standardized FDG-PET and IMP-
SPECT images, and regional relative metabolic value
(FDG uptake) and regional relative perfusional value
(IMP uptake) were calculated using the regional-to-sen-
sorimotor cortical ratio. Two-way analysis of variance
(ANOVA), or one-way ANOVA when an interaction
existed, and post-hoc Tukey test were performed to detect
group differences and regional differences between the
relative metabolic and perfusional values. The criterion
for statistical significance was a probability value less
than 0.05. To find out the diagnostic value of occipital
reduction in DLB, the minimal relative metabolic and
perfusional occipital values of the NC group were used as
the cut-off points.

RESULTS

The mean regional relative metabolic and perfusional
values in each group are summarized in Table 2. The
relative metabolism and perfusion in parietal and occipi-
tal lobe in DLB groups were significantly lower than those
in the NC group. The mean reduction ratios of metabolism
in the DLB group relative to the mean NC group in the
parietal lobe and occipital lobe were 0.72 and 0.83,
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respectively. The mean reduction ratios of perfusion in
DLB group relative to the mean NC group in the parietal
lobe and occipital lobe were 0.81 and 0.88, respectively.
Two-way ANOVA showed a significant group difference
(F =59.5; p<0.001) and significant group x region
interaction (F = 5.0; p < 0.005). One-way ANOVA
revealed a significant difference among regional FDG
uptake and IMP uptake (F = 18.7; p < 0.001). In the DLB
group, parietal metabolism was significantly lower than
parietal perfusion (p < 0.05), occipital metabolism was
significantly lower than occipital perfusion (p < 0.05), and
parietal perfusion was significantly lower than occipital
perfusion (p < 0.01), but there was no difference between
parietal and occipital metabolism. Individual relative
occipital glucose metabolism in the DLB and NC groups
is shown in Figure 2. By using the occipital metabolic
value five (71%) of the seven cases were diagnosed as
probable DLB, and four (57%) as probable DLB by using
the occipital perfusional value.

Figure 3 shows representative FDG-PET and IMP-
SPECT images of a 68-year-old female patient with DLB,
whose MMSE score was 18. In the FDG-PET image,
diffuse glucose metabolism is demonstrated except in the
basal gangli and thalami, while in the IMP-SPECT image,
occipital blood flow is not reduced.

DISCUSSION

We showed that FDG-PET is superior to IMP-SPECT in
demonstrating the severe parietal and occipital involve-
ment in patients with DLB. The results showed that in
DLB patients, occipital reduction of metabolism is greater
than that of perfusion, which indicates that FDG-PET is
superior to IMP-SPECT in the diagnosis of DLB. The
spatial resolution and attenuation correction of images
obtained with PET are clearly much superior to those with
SPECT. Moreover, in patients with AD, glucose meta-
bolic reduction is greater than perfusional reduction in the
parietotemporal area.'! A similar pathophysiological state
may occur in patients with DLB. That is, glucose meta-
bolic reduction may be greater than perfusional reduction
in the affected regions in DLB. Other possible reasons are
that the occipital IMP uptake may be affected by spillover
of the cerebellar IMP uptake and small reduction of
occipital IMP uptake was not demonstrated in DLB pa-
tients.

A limitation of our study was that the subjects in the
FDG-NC and IMP-NC groups were not the same. The
mean ages were matched for the FDG-NC and IMP-NC
groups, but not for the NC groups and DLB groups. In
normal healthy people, metabolism and blood flow do not
decrease with age in the parietal and occipital lobe!>~14 or
sensorimotor cortices.!> However, frontal metabolism!%!4
and blood flow!3!6 significantly decrease with increasing
age. In this study there was no problem in evaluating
parietal, occipital and sensorimotor glucose metabolism
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and blood flow, though the NC groups and DLB groups
were not age-matched.

It is noteworthy that the degree of decreased parietal
FDG and IMP uptake was large in DLB brain, which has
not been emphasized before. Previous reports have indi-
cated that the metabolic and perfusional occipital reduc-
tions are the characteristics of DLB that distinguish it
from AD.*%17 Although these criteria have been used in
clinical practice, the metabolic and perfusional reductions
are more severe in the parietal lobe than in the occipital
lobe. Greater reduction in the parietal lobe was also found
in this study. This may be due to the clinical diagnosis of
DLB.! The criteria of probable DLB include both pure
form and common form of diffuse Lewy body disease
(DLBD). '8 The subjects in this study were relatively old
(mean age: 75 y.o.), most of them might have the common
form of DLBD, which involves Alzheimer pathology.
Another reason may be due to DLB’s specific pathophysi-
ology. In the cerebrum, Lewy bodies are found in the
amygdala, temporal, frontal lobe, insula and anterior
cingulate gyrus.!*-2! Pathologically Lewy bodies rarely
involve the occipital lobes in patients with DLB. Dopa-
minergic and cholinergic impairments are speculated to
be the cause of the reduced metabolism and perfusion in
the occipital lobe.>™* A similar pathophysiological state
may occur in the parietal lobe in the DLB brain.

In DLB, the brain stem is the most affected region, and
it is interesting that brain stem metabolism is not affected
in DLB brain,’ though the brain stem is one of the most
pathologically affected regions. This phenomenon is re-
lated to parietal and occipital pathophysiology. FDG-PET
and IMP-SPECT reflect functional changes rather than
histological changes in the DLB brain. This discrepancy
between the distribution of Lewy bodies and metabolic/
perfusional reduction areas may be due to dysfunction of
dopaminergic and cholinergic systems.>>

CONCLUSION

Metabolic reduction is greater than perfusional reduction
in the DLB brain. Though occipital functional reduction
is the hallmark of DLB, parietal function is more severely
affected than occipital function in the DLB brain. FDG-
PET is superior to IMP-SPECT in the diagnosis of DLB.
If FDG-PET is available, it is better to perform FDG-PET
study in DLB patients rather than IMP-SPECT study.
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