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Abstract
Aims: To identify the pattern of cerebral hypometabolism in
patients with dementia with Lewy bodies (DLB) and visual
hallucinations (VH). Methods: Fourteen patients with DLB
and VH, 7 with DLB without VH and 16 healthy controls un-
derwent clinical and '8F-FDG PET evaluations. The 2 patient
groups did not significantly differ in their clinical character-
istics, except in the occurrence of VH. A voxel-wise compari-
son of '®F-FDG PET scans was conducted between each of
the 2 patient groups and the control group, and the patient
groups among each other. Results: Compared with the con-
trol group, hypometabolic regions were more extensive and
confluent in the patient group with VH than in the group
without VH. The direct comparison between the 2 patient
groups revealed a significant metabolic deficit in the group
with VH at the right occipito-temporal junction and the right
middle frontal gyrus. Conclusions: These results suggest
that hypometabolism in visual association areas rather than
the primary visual cortex is involved in VH in DLB.

Copyright © 2008 S. Karger AG, Basel

Introduction

We recently reported that brain metabolic abnormali-
ties in patients with Parkinson’s disease (PD) suffering
from visual hallucinations (VH) were clustered in the
dorsal and ventral visual streams rather than within the
primary visual cortex [1]. We furthermore suggested that
the metabolic correlates matched quite well with the clin-
ical phenomenology of VH in PD, which are often de-
scribed as complex animated scenarios involving people,
animals, buildings or scenery [2]. Similar complex VH
have also been repeatedly reported by individuals with
isolated lesions of the temporo-occipital and parieto-oc-
cipital cortex [3, 4], and they are also a core clinical feature
of dementia with Lewy bodies (DLB) [5], in which poste-
rior cortical areas are predominantly affected by neuro-
degeneration [6]. Furthermore, VH are amongst the stron-
gest predictors of DLB at autopsy; Harding et al. [7], for
example, described a close correlation between temporal
Lewy bodies and well-formed VH in an autopsy series.
Taking into account these findings and the clinical and
neurobiological similarities between PD and DLB [8], we
hypothesized that brain function correlates of VH should
also be localized in downstream visual areas rather than
within the primary visual cortex in DLB.

The aim of the present study was therefore twofold.
First, we used '®F-fluoro-2-deoxy-glucose positron emis-
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sion tomography (*F-FDG PET) to explore the pattern of
relative glucose hypometabolism in hallucinating and
non-hallucinating patients with DLB in contrast to a
group of normal control subjects (NL). Second, we di-
rectly compared the relative cerebral metabolic rate of
glucose (rCMRglc) of the 2 patient groups in order to de-
tect statistically significant differences, hypothesizing a
stronger decrease of glucose metabolism in visual asso-
ciation areas rather than the primary visual cortex in the
DLB group suffering from VH (DLB + VH).

Materials and Methods

Sample

The study included 21 patients with mild to moderate DLB,
who were all recruited between 2001 and 2003 from the Depart-
ments of Psychiatry and Neurology of the Technical University of
Munich. The diagnosis of DLB was established by consensus of 2
experienced clinicians according to current diagnostic guidelines
[9]. All patients fulfilled diagnostic criteria for probable DLB. The
patients’ thorough diagnostic evaluation included neuropsycho-
logical testing, routine blood sampling, physical examination,
and structural (MRI or CT) and functional (**¢-FDG PET) imag-
ing of the brain. The neuropsychological set-up was based on the
Consortium to Establish a Registry for Alzheimer’s Disease (AD)
Neuropsychological Assessment Battery (CERAD-NAB) [9, 10],
which incorporates the Mini-Mental State Examination (MMSE)
[11]. In addition, a total score of the CERAD-NAB was calculated
for each patient according to recently published criteria (subtest
addition method) [12], because this score allows for a more com-
prehensive rating of global cognitive function than the MMSE.
Briefly, total scores were obtained by summing scores from the
individual subtests (excluding the MMSE score) into a total com-
posite score (maximum score for verbal fluency set at 24 points,
maximum total score 100 points). Neuropsychiatric symptoms,
including frequency and severity of hallucinations within the past
4 weeks prior to the examination, were rated on the Neuropsychi-
atric Inventory (NPI) [13]. The severity of parkinsonian signs was
rated on the Unified PD Rating Scale (UPDRS) motor section [14].
The clinical documentation also included information on age,
gender and years of school education (defined as years attending
school plus years of apprenticeship, technical school, college and
university), and a standardized assessment of recurrent falls, and
fluctuations in consciousness. Patients were excluded who ful-
filled diagnostic criteria for neurodegenerative causes of demen-
tia other than DLB, such as AD [15], frontotemporal lobar degen-
eration [16], PD [17], or PD dementia [18]. Patients were also ex-
cluded if they had significant cerebrovascular lesions on their
structural brain scans, relevant functional psychiatric disorders
such as major depression, or a history of traumatic brain injury,
stroke, cerebral tumors, epilepsy or alcohol abuse. All patients
who fulfilled the inclusion and exclusion criteria were entered
into the study. Written informed consents were available for all
patients. In the case of patients with moderate dementia, informed
consents by proxy were also obtained. The ethics committee of the
Technical University of Munich approved the study procedures.
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Acquisition and Pre-Processing of ' F-FDG PET Scans

Each patient fasted for at least 6 h prior to PET scanning. All
patients with DLB were scanned in the medical ‘off condition’, i.e.
dopaminergic medication was ceased at least 12 h prior to scan-
ning. 8F-FDG PET images were acquired in 3D mode using a
Siemens ECAT EXACT HR+ scanner (CTI, Knoxville, Tenn.,
USA). Injection of 185 MBq ¥F-FDG and consecutive PET imag-
ing was done under standard resting conditions (eyes closed,
dimmed ambient light, no movement). We used a 20-min static
acquisition protocol beginning 30 min after the injection. Trans-
mission scans were obtained for attenuation correction purposes
using a rotating **Ge/*®Ga source. After corrections for random,
dead time and scatter effects, images were reconstructed with fil-
tered back-projection (Hamm filter, cut-off frequency 0.5 cycles/
projection element) resulting in 47 slices in a 128 X 128 matrix
(pixel size 2.0 mm) and interplane separation of 3.447 mm. Im-
ages wererealigned, transformed into standard stereotactic space,
and smoothed (12 mm full-width at half maximum) in the statis-
tical parametric mapping software package SPM2 (http://www.
fil.ion.ucl.ac.uk/spm/software/spm2), based on Matlab v6.5 (The
Mathworks, Natwick, Mass., USA). Individual global counts were
normalized by proportional scaling to a mean value of 50 mg/100
ml/min.

Statistical Evaluation

Patient characteristics were analyzed in the Statistical Package
for the Social Sciences v11.5 (SPSS, Chicago, Ill., USA). The anal-
yses of the 8F-FDG PET data were performed in SPM2. The sta-
tistical analysis of the functional imaging data included 2 inde-
pendent steps. First, a voxel-wise comparison was conducted be-
tween each of the 2 patient groups and an NL group in order to
visually compare their hypometabolic pattern, controlling for
each individual’s MMSE score using an analysis of covariance
(ANCOVA). A pre-existing dataset of 16 healthy volunteers was
used that had been previously collected for diagnostic and re-
search purposes [19]. This group consisted of outpatients’ spous-
es recruited at the same departments as the DLB group. The con-
trol subjects were not related to patients with dementia. The PET
data of these NL had been acquired following the identical criteria
as for the patients, and the population was approximately age
matched to the patient group (7 men, 9 women; age 65 * 8 years;
MMSE 30 £ 0 points; schooling 12 * 4 years). The scans for all
NL were acquired on the same scanner using the same acquisition
protocol, reconstruction software and image processing proce-
dures as for the patients. All normal subjects had undergone MRI
of the brain and neuropsychological evaluation without detection
of abnormalities. Their PET scanning was approved by the radia-
tion protection authorities. A significance threshold of p < 0.05,
corrected for multiple comparisons according to the false discov-
ery rate procedure (FDR), was applied in this analytic step in or-
der to minimize the chance of false-positive findings.

Second, a direct voxel-based comparison was conducted be-
tween the DLB + VH and the non-hallucinating (DLB - VH)
groups in order to identify brain regions with significant reduc-
tions of the rCMRglc in the group of patients with VH. Again, a
statistical correction for each individual’s MMSE and UPDRS III
scores was performed (ANCOVA) in order to control for differ-
ences in cognitive and motor functions. Significant findings were
only expected in the predefined hypometabolic network identified
in the comparison between the 2 patient groups and the NL group.
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Table 1. Patient characteristics

Characteristic

Entire sample (n =21) DLB- VH (n=7) DLB + VH (n = 14) )
Age, years 69.52£5.71 68.86 £ 3.02 69.86 £6.76 0.71
Men/women 11/10 6/8 5/2 0.21
Schooling, years 10.43£2.82 9.14%2.61 11.07 £2.79 0.14
Duration of disease, years 5.82%+5.63 5.71x2.67 5.85%4.88 0.96
MMSE score 20.76 £4.80 23.14%£2.55 19.57 £5.27 0.11
CERAD-NAB sum score 46.55+14.35 46.64+13.52 46.50 = 15.24 0.98
UPDRS III score 30.43£15.59 26.6 +14.44 34.6+16.53 0.34
NPI VH score 5.29+4.44 0£0.00 7.93+2.79 <0.001
Fluctuations in consciousness, yes/no 20/1 7/0 13/1 0.47
Recurrent falls, yes/no 9/12 2/5 717 0.35
L-dopa equivalent dose, mg 254.8+107.35 246.4%114.11 271.4+98.27 0.91

Therefore, a significance threshold of p < 0.001, uncorrected for
multiple comparisons, was applied, based on our a priori hypoth-
esis of involved brain regions, which is consistent with other stud-
ies using comparable approaches [20]. Based on previous FDG
PET studies in DLB, we defined the occipital, temporo-parietal
and frontal cortices as predominant candidate areas for possible
metabolic reductions in patients with DLB [21]. For metabolic dif-
ferences between groups, voxels exceeding the p value threshold
within this set of cortical areas were regarded as significant. All
statistical approaches were selected in correspondence with previ-
ously published studies on similar questions. Coordinates were
converted from MNI (Montreal Neurological Institute; http://
www.bic.mni.mcgill.ca) to Talairach space [22] with the Matlab
function ‘mni2tal’ (http://www.mrc-cbu.cam.ac.uk/Imaging).
Anatomical regions were identified with the Talairach Demon Cli-
ent v2.0 (http://ric.uthscsa.edu/recources/body.html).

Results

Clinical Data

The characteristics of the study sample are displayed
in table 1. The MMSE score range of 11-26 supported the
diagnosis of mild to moderate dementia [23]. Years of
school education ranged from 8 to 15 years. Men and
women were almost equally represented in the sample.
The onset of cognitive symptoms was prior to or within
12 months of the onset of parkinsonian symptoms in all
of the patients. Parkinsonian symptoms were present and
of mild severity in all patients at the point of the diagnos-
tic assessment. VH were present in 67%, recurrent falls in
57% and fluctuations in cognition in 95% of the patients.
The 2 patient groups did not differ significantly in their
clinical characteristics, except in the occurrence of VH.
The DLB + VH group scored lower on the MMSE score
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and higher on the UPDRS III score than the DLB - VH
group; however, the difference did not reach statistical
significance at a level of p <0.05, and both patient groups
scored almost equally on the CERAD-NAB sum score.

Functional Imaging Data

Both patient groups were compared with the NL group
to identify differences in the pattern of relative hypome-
tabolism. In these group comparisons, regions located in
the frontal, parietal and occipital cortices and the basal
ganglia, typically affected in DLB, were identified in both
patient groups. The pattern of metabolic abnormalities
was similar in both groups; however, in the visual com-
parisons the reductions of the rCMRglc were more exten-
sive and confluent in the DLB + VH group than in the
DLB - VH group. Consequently, less independent clus-
ters could be distinguished by the SPM2 routine at the
conservative significance threshold of p <0.05, FDR-cor-
rected for multiple comparisons, in the DLB + VH group
than in the DLB - VH group (table 2; fig. 1).

A direct comparison between the 2 patient groups was
conducted to investigate if the visually detected differ-
ences between the 2 patient groups were also statistical-
ly significant. In the voxel-wise group comparison of the
2 patient groups, significant hypometabolic areas were
detected in the DLB + VH group compared with the
DLB - VH group in 2 extensive clusters located in right
hemispheric areas including the temporo-occipital junc-
tion at Brodmann area (BA) 39 (maximum in Talairach
space at x/y/z 47/-71/10, right middle temporal gyrus,
cluster of 312 contiguous voxels, p<0.001 uncorrected for
multiple comparisons) and the middle frontal gyrus (BA
6, maximum in Talairach space at x/y/z 36/2/45, cluster of
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DLB - VH

T value

Fig. 1. Brain regions with significant reductions of rCMRglc levels
in the DLB - VH and DLB + VH groups compared with the NL
group. Anatomical localization as projected on sagittal (a), coro-
nal (b) and axial (c) sections of a normal MRI, spatially normal-
ized into the MNI template (p < 0.05 FDR-corrected for multiple

DLB + VH

15

10 T value

comparisons; DLB - VH: maximum at x/y/z 40/-80/30 in Talai-
rach space, right superior occipital gyrus, Brodmann area 19; DLB
+ VH: maximum at x/y/z 50/-75/24 in Talairach space, right mid-
dle temporal gyrus, Brodmann area 39). R = Right side.

Table 2. Peak metabolic reductions in both patient groups compared with the NL group

DLB + VH DLB - VH
region BA X y z Z-score  cluster region BA X y z Z-score cluster
rMTG 39 50 -75 24 7.31 37,913 rSOG 19 40 -80 30 6.44 10,845
rPC 19 32 -68 42 6.77 rMTG 39 50 -71 24 6.04
rPC 19 -36 -76 37 5.93 rPC 19 30 -64 40 5.93
rCN 12 8 3 6.82 17,362 rIFG 47 61 31 0 5.61 5,067
rMFG 6 36 16 56 5.96 ISFG 8 -10 43 48 5.04
rMFG 8 44 31 41 5.95 ITIFG 45 -57 26 6 4.89
rCN 12 6 5 5.37 1,184
rMFG 25 12 7 -17 4.50
rOG 11 6 34 =27 291
1IPL 40 -59 -41 39 5.05 4,180
IAG 39 -40 -76 33 4.61
IMTG 39 -48 -69 24 3.96
ICN -10 2 9 4.31 191
rUC 20 30 -19 -29 4.13 462

Bold markings delineate a cluster, subsequent non-bold mark-
ings identify further peaks within the same cluster; brain regions
are indicated by Talairach and Tournoux coordinates, x, y and z.
x = The medial to lateral distance relative to midline (positive:
right hemisphere); y = the anterior to posterior distance relative
to the anterior commissure (positive: anterior); z = superior to in-
ferior distance relative to the anterior commissure-posterior

commissure line (positive: superior). BA = Brodmann area; clus-
ter = extension of contiguous voxels within the cluster; r = right;
1 = left; MTG = middle temporal gyrus; PC = precuneus; CN =
caudate nucleus; MFG = middle frontal gyrus; SOG = superior
occipital gyrus; IFG = inferior frontal gyrus; SFG = superior fron-
tal gyrus; OG = orbital gyrus; IPL = inferior parietal lobule; AG =
angular gyrus; UC = uncus.
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332 contiguous voxels, p <0.001 uncorrected for multiple
comparisons). These results did not survive the statistical
correction for multiple comparisons (FDR-corrected val-
ues; BA 39: p = 0.118; BA 6: p = 0.141); however, results
were only regarded as significant in a predefined network,
which is consistent with previous similar approaches [20].
The results are displayed in figure 2.

Discussion

VH are common amongst patients with DLB and sim-
ilar to those experienced by individuals with PD. They
typically are of an animated nature and often cause a feel-
ing of unease. VH are moreover frequently accompanied
by other neuropsychiatric symptoms such as anxiety, ap-
athy or sleep disturbances, which further impair the in-
dividual’s quality of life. The phenomenology of VH sug-
gests an involvement of visual association areas rather
than the primary visual cortex [24]. These higher order
visual association areas are generally divided into 2 inter-
linked streams: (1) the ventral stream for the recognition
of objects, colours and people, which extends to the infe-
rior temporal cortex; (2) the dorsal stream for motion and
overview vision [25], which runs to the posterior parietal
cortex. Our results provide a further piece of evidence
that might help to understand the functional pathology
of VH in neurodegenerative disorders.

In the present study, relative metabolic reductions in
hallucinating patients with DLB as compared with non-
hallucinating patients were found at the right temporo-
occipital junction and the right middle frontal gyrus. It is
important to note that although our patients had had a
history of VH in the 4 weeks before the PET scan, none of
them had actually experienced hallucinations during the
scan. Our finding therefore represents trait-related rather
than state-related metabolic changes. The right temporo-
occipital junction and the right middle frontal gyrus are
both known to participate in the processing of visual
stimuli, and they have been linked to VH in other neuro-
degenerative conditions such as PD before. In addition to
our own previous '®F-FDG PET study on VH in PD [1], in
which we reported a significant hypometabolism of brain
regions of the 2 visual streams. Matsui et al. [26] also de-
scribed significant functional damage to these visual
pathways in hallucinating patients with PD. This finding
is also mirrored in a study by Nagano-Saito et al. [27], who
also reported a relative metabolic deficit in posterior cor-
tical areas in a hallucinating PD group. However, they also
found a relative hypermetabolism in frontal brain regions.

Metabolism in DLB with Hallucinations

Tvalue

Fig. 2. Brain regions with significant reductions of the rCMRglc
in the DLB + VH group compared with the DLB - VH group.
Anatomical localization as projected on sagittal (a), coronal (b)
and axial (c) sections of a normal MRI, spatially normalized into
the MNI template (p < 0.001 uncorrected for multiple compari-
sons; maximum at x/y/z 47/-71/10 in Talairach space, right mid-
dle temporal gyrus, Brodmann area 39). R = Right side.

This up-regulation of frontal areas could be considered as
an equivalent of executive control over internally created
images, according to the authors. In contrast, Okada et al.
[28] reported that the blood flow deficit of patients with
PD and medication-induced VH was located in the left
temporal cortex. In addition, Oishi et al. [29] found a de-
creased flow in the right fusiform gyrus and an increased
flow in the right superior and middle temporal gyri in a
group of non-psychotic, hallucinating patients with PD.
Despite the relative heterogeneity of the findings, which
can partly be explained by differences in patient charac-
teristics and study procedures including imaging modal-
ities, all reports imply that downstream visual areas, rath-
er than the primary visual cortex, are involved in the oc-
currence of VH in PD and DLB.

Lance [30] hypothesized that complex VH due to tem-
poro-parieto-occipital brain damage are linked to spon-
taneous discharges of neurons in visual association areas
rather than to an input deficiency from the primary vi-
sual cortex. In the particular case of our DLB group,
exstrastriate neurodegeneration or complex neurotrans-
mitter abnormalities are most likely involved. Tradition-
ally, disturbances in dopaminergic transmission have

Dement Geriatr Cogn Disord 2008;25:531-538 535



been considered to underlie psychotic phenomena, in-
cluding VH, in individuals with dementia. There is, how-
ever, only limited evidence that L-dopa can exacerbate
VH [31], and an increased L-dopa dose does not implicate
an increased frequency of VH [32]. There is little specific
evidence regarding the impact of L-dopa upon VH in
DLB, but more extensive reductions of presynaptic cho-
linergic activity have been identified in DLB than in AD
[33]. Furthermore, greater cholinergic deficits have been
found in hallucinating than in non-hallucinating patients
with DLB [34], indicating that although other factors
such as L-dopa administration could possibly play an ad-
junctive role, acetylcholine is probably more important
than dopamine as a substrate of hallucinations in these
patients. O’Brien et al. [35] reported that the perfusion of
the left posterior cingulate cortex and precuneus de-
creased with worsening VH in a mixed PD dementia and
DLB group. In contrast, in a study by Imamura et al. [36],
VH were associated with hypometabolism in the primary
visual cortex and a relatively preserved metabolism of
right temporo-parietal association areas. However, in
line with most findings VH in DLB are particularly re-
sponsive to cholinergic treatment. In a study by Mori et
al. [37] not only VH but also blood flow deficits in the
visual association cortex improved after application of
donepezil. In an effort to provide an integrative psycho-
logical model of recurrent complex VH, Collerton et al.
[38] suggested that both executive and perceptual dys-
functions are needed for a patient to be prone to experi-
encing recurrent complex VH (perception and attention
deficit model); either impaired attention or impaired sen-
sory activation alone would seldom cause VH.

The limitations of our study include patient recruit-
ment at university-based departments, which limits the
generalization of the results. Furthermore, no pathologi-
cal verification of the clinical diagnoses were performed.
However, current clinical diagnostic criteria were applied
that yield a variable sensitivity (mean 54%) but a high
specificity (mean 94%). The accuracy of the clinical diag-
nosis of DLB is therefore comparable to the diagnosis of
AD or PD [39]. The hypometabolic pattern and the fre-
quency of typical clinical symptoms were comparable to
previous reports on this particular condition. Tiraboschi
et al. [40] recently reported that recurrent VH were the
best positive predictor of DLB at autopsy (positive predic-
tive value of 83%). However, this finding was not repli-
cated in another autopsy-confirmed study [41]. Due to the
exclusion of patients who developed dementia more than
12 months after the initial motor symptoms, not only pa-
tients with AD but also those with PD dementia were reli-
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ably excluded. However, an inclusion of patients with AD
cannot be entirely ruled out without a histopathological
examination. Patients with DLB can have concomitant
AD neuropathology even if clinical diagnostic criteria for
DLB are strictly applied. Therefore, the contribution of
AD pathology cannot be totally separated out in a clinical
study. However, Merdes et al. [42] demonstrated that the
degree of concomitant AD pathology, staged by a modifi-
cation of the method of Braak and Braak, has an impor-
tant influence on the clinical characteristics of DLB and,
therefore, the clinical diagnostic accuracy of DLB. Con-
sistent with previous studies, they report a higher preva-
lence of core symptoms in patients with ‘pure’ DLB than
in those with superimposed AD pathology. Furthermore,
Del Ser et al. [43] reported that the early onset of core
symptoms was crucial for a highly accurate clinical diag-
nosis of ‘pure’ DLB. In our study, approximately 70% of
the included patients had dementia of a mild degree and
the remaining 30% were moderately demented. Almost
all of them had parkinsonian symptoms and fluctuations
in cognition, and approximately two thirds had VH and/
or recurrent falls, but, again, an autopsy would have been
necessary to definitely exclude all patients with mixed AD
neuropathology. A further limitation of the study is the
assessment of VH using the NPI, which does not separate
between hallucinations of different modalities. Semi-
structured interviews will be used in future studies to im-
prove the accuracy of the assessment [44]. However, no
patient suffered from hallucinations other than visual
ones in the present study; therefore, the severity/frequen-
cy rating was not diluted by other modalities of hallucina-
tions. It also has to be acknowledged that the presence or
absence of fluctuating consciousness, a key diagnostic
feature of DLB, was assessed by consensus of 2 experi-
enced clinicians as part of a routine clinical protocol. The
use of a standardized interview might have improved the
accuracy of the assessment [45].

To conclude, our results stress the involvement of vi-
sual association cortices rather than the primary visual
cortex in the occurrence of VH in DLB. This finding pro-
vides evidence for the neurobiological mechanisms un-
derlying psychotic symptoms in DLB and it should also be
considered in the planning of future treatment studies.

Acknowledgement

The study was co-financed by grants of the Technical Univer-
sity of Munich and the German Parkinson’s Disease Foundation.

Perneczky/Drzezga/Boecker/Forstl/
Kurz/Haussermann



>

>

>3

>4

»s5

»6

»7

>3

»9

10

References

Boecker H, Ceballos-Baumann AQ, Volk D,
Conrad B, Forstl H, Hiussermann P: Meta-
bolic alterations in patients with Parkinson
disease and visual hallucinations. Arch Neu-
rol 2007;64:984-988.

Barnes J, David AS: Visual hallucinations in
Parkinson’s disease: a review and phenome-
nological survey. ] Neurol Neurosurg Psy-
chiatry 2001;70:727-733.

Takahashi N, Kawamura M: Simple partial
seizure consisting of complex visual halluci-
nations due to left temporo-occipital lesion
(in Japanese). Rinsho Shinkeigaku 1996;36:
665-669.

Rousseaux M, Debrock D, Cabaret M, Stein-
ling M: Visual hallucinations with written
wordsin a case of left parietotemporallesion.
J Neurol Neurosurg Psychiatry 1994;57:
1268-1271.

McKeith IG, Galasko D, Kosaka K, Perry EK,
Dickson DW, Hansen LA, Salmon DP, Lowe
J, Mirra SS, Byrne EJ, Lennox G, Quinn NP,
Edwardson JA, Ince PG, Bergeron C, Burns
A, Miller BL, Lovestone S, Collerton D, Jan-
sen ENH, Ballard C, de Vos RAI, Wilcock
GK, Jellinger KA, Perry RH: Consensus
guidelines for the clinical and pathologic di-
agnosis of dementia with Lewybodies (DLB):
report of the consortium on DLB Interna-
tional Workshop. Neurology 1996;47:1113—
1124.

Higuchi M, Tashiro M, Arai H, Okamura N,
Hara S, Higuchi S, Itoh M, Shin RW, Tro-
janowski JQ, Sasaki H: Glucose hypometab-
olism and neuropathological correlates in
brains of dementia with Lewy bodies. Exp
Neurol 2000;162:247-256.

Harding AJ, Broe GA, Halliday GM: Visual
hallucinations in Lewy body disease relate to
Lewy bodies in the temporal lobe. Brain
2002;125:391-403.

Lippa CF, Duda JE, Grossman M, Hurtig HI,
Aarsland D, Boeve BF, Brooks DJ, Dickson
DW, Dubois B, Emre M, Fahn S, Farmer JM,
Galasko D, Galvin JE, Goetz CG, Growdon
JH, Gwinn-Hardy KA, Hardy J, Heutink P,
Iwatsubo T, Kosaka K, Lee VM, Leverenz ] B,
Masliah E, McKeith IG, Nussbaum RL, Ola-
now CW, Ravina BM, Singleton AB, Tanner
CM, Trojanowski JQ, Wszolek ZK: DLB and
PDD boundary issues: diagnosis, treatment,
molecular pathology, and biomarkers. Neu-
rology 2007;68:812-819.

Morris JC, Mohs RC, Rogers H, Fillenbaum
G, Heyman A: Consortium to establish a
registry for Alzheimer’s disease (CERAD)
clinical and neuropsychological assessment
of Alzheimer’s disease. Psychopharmacol
Bull 1988;24:641-652.

Thalmann B, Monsch AU: CERAD: The
Consortium to Establish a Registry for
Alzheimer’s Disease (Neuropsychologische
Testbatterie). Basel, Memory Clinic Basel,
1997.

Metabolism in DLB with Hallucinations

>11

>12

»13

14

»15

»16

»17

»18

»19

»20

Folstein MF, Folstein SE, McHugh PR: ‘Mini-
Mental State: a practical method for grading
the cognitive state of patients for the clini-
cian. J Psychiatr Res 1975;12:189-198.
Chandler MJ, Lacritz LH, Hynan LS, Bar-
nard HD, Allen G, Deschner M, Weiner MF,
Cullum CM: A total score for the CERAD
neuropsychological  battery. Neurology
2005;65:102-106.

Cummings JL, Mega M, Gray K, Rosenberg-
Thompson S, Carusi DA, Gornbein J: The
Neuropsychiatric Inventory: comprehensive
assessment of psychopathology in dementia.
Neurology 1994;44:2308-2314.

Fahn S, Elton R, Members of the UPDRS de-
velopment committee: Unified Parkinson’s
Rating Scale; in Fahn S, Marsden C, Calne D,
Goldstein M (eds): Recent Developments in
Parkinson’s Disease. Florhan Park, MacMil-
lan Healthcare Information, 1987.
McKhann G, Folstein M, Katzman R, Price
D, Stadlan EM: Clinical diagnosis of Alz-
heimer’s disease: report of the NINCDS-
ADRDA work group under the auspices of
Department of Health and Human Services
Task Force on Alzheimer’s Disease. Neurol-
ogy 1984;34:939-944.

Neary D, Snowden JS, Gustafson L, Passant
U, Stuss D, Black S, Freedman M, Kertesz A,
Robert PH, Albert M, Boone K, Miller BL,
Cummings J, Benson DF: Frontotemporal
lobar degeneration: a consensus on clinical
diagnostic criteria. Neurology 1998;51:
1546-1554.

Hughes AJ, Daniel SE, Kilford L, Lees AJ: Ac-
curacy of clinical diagnosis of idiopathic
Parkinson’s disease: a clinico-pathological
study of 100 cases. ] Neurol Neurosurg Psy-
chiatry 1992;55:181-184.

Emre M, Aarsland D, Brown R, Burn DJ,
Duyckaerts C, Mizuno Y, Broe GA, Cum-
mings J, Dickson DW, Gauthier S, Goldman
J, Goetz C,Korczyn A, Lees A, Levy R, Litvan
I, McKeith I, Olanow W, Poewe W, Quinn N,
Sampaio C, Tolosa E, Dubois B: Clinical di-
agnostic criteria for dementia associated
with Parkinson’s disease. Mov Disord 2007;
22:1689-1707.

Drzezga A, Riemenschneider M, Strassner B,
Grimmer T, Peller M, Knoll A, Wagenpfeil S,
Minoshima S, Schwaiger M, Kurz A: Cere-
bral glucose metabolism in patients with AD
and different APOE genotypes. Neurology
2005;64:102-107.

Laws SM, Perneczky R, Drzezga A, Diehl-
Schmid J, Ibach B, Bauml J, Eisele T, Forstl
H, Kurz A, Riemenschneider M: Association
of the tau haplotype H2 with age at onset and
functional alterations of glucose utilization
in frontotemporal dementia. Am J Psychia-
try 2007;164:1577-1584.

»21

22

»23

»24

» 25

»26

»27

»28

»29

»30

»31

»32

Ishii K, Soma T, Kono AK, Sofue K, Miya-
moto N, Yoshikawa T, Mori E, Murase K:
Comparison of regional brain volume and
glucose metabolism between patients with
mild dementia with Lewy bodies and those
with mild Alzheimer’s disease. ] Nucl Med
2007;48:704-711.

Talairach J, Tournoux P: Co-Planar Stereo-
taxic Atlas of the Human Brain: 3-Dimen-
sional Proportional System — An Approach
to Cerebral Imaging. New York, Thieme
Medical Publishers, 1988.

Perneczky R, Wagenpfeil S, Komossa K,
Grimmer T, Diehl ], Kurz A: Mapping scores
onto stages: Mini-Mental State Examination
and clinical dementia rating. Am ] Geriatr
Psychiatry 2006;14:139-144.

Mosimann UP, Rowan EN, Partington CE,
Collerton D, Littlewood E, O’Brien JT, Burn
DJ, McKeith IG: Characteristics of visual
hallucinations in Parkinson disease demen-
tia and dementia with Lewy bodies. Am J
Geriatr Psychiatry 2006;14:153-160.
Ungerleider LG, Haxby JV: ‘What’ and
‘where’ in the human brain. Curr Opin Neu-
robiol 1994;4:157-165.

Matsui H, Nishinaka K, Oda M, Hara N,
Komatsu K, Kubori T, Udaka F: Hypoperfu-
sion of the visual pathway in parkinsonian
patients with visual hallucinations. Mov
Disord 2006;21:2140-2144.

Nagano-Saito A, Washimi Y, Arahata Y, Iwai
K, Kawatsu S, Ito K, Nakamura A, Abe Y,
Yamada T, Kato T, Kachi T: Visual hallucina-
tion in Parkinson’s disease with FDG PET.
Mov Disord 2004;19:801-806.

OkadaK, Suyama N, Oguro H, Yamaguchi§,
Kobayashi S: Medication-induced hallucina-
tion and cerebral blood flow in Parkinson’s
disease. ] Neurol 1999;246:365-368.

Oishi N, Udaka F, Kameyama M, Sawamoto
N, Hashikawa K, Fukuyama H: Regional ce-
rebral blood flow in Parkinson disease with
nonpsychotic visual hallucinations. Neurol-
ogy 2005;65:1708-1715.

Lance JW: Simple formed hallucinations
confined to the area of a specific visual field
defect. Brain 1976;99:719-734.

Zoldan], Friedberg G, Weizman A, Melamed
E: Ondansetron: a 5-HT3 antagonist for vi-
sual hallucinations and paranoid delusional
disorder associated with chronic L-dopa
therapy in advanced Parkinson’s disease.
Adv Neurol 1996;69:541-544.

Goetz CG, Pappert EJ, Blasucci LM, Stebbins
GT, Ling ZD, Nora MV, Carvey PM: Intrave-
nous levodopa in hallucinating Parkinson’s
disease patients: high-dose challenge does
not precipitate hallucinations. Neurology
1998;50:515-517.

Dement Geriatr Cogn Disord 2008;25:531-538

537



»33

>34

» 35

»36

Perry EK, Smith CJ, Court JA, Perry RH:
Cholinergic nicotinic and muscarinic recep-
tors in dementia of Alzheimer, Parkinson
and Lewy body types. ] Neural Transm Park
Dis Dement Sect 1990;2:149-158.

Perry RH, Irving D, Blessed G, Perry EK,
Smith CJ, Fairbairn AF: Dementia in old age:
identification of a clinically and pathologi-
cally distinct disease category. Adv Neurol
1990;51:41-46.

O’Brien JT, Firbank M]J, Mosimann UP,
Burn DJ, McKeith IG: Change in perfusion,
hallucinations and fluctuations in con-
sciousness in dementia with Lewy bodies.
Psychiatry Res 2005;139:79-88.

Imamura T, Ishii K, Hirono N, Hashimoto
M, Tanimukai S, Kazuai H, Hanihara T, Sa-
saki M, MoriE: Visual hallucinations and re-
gional cerebral metabolism in dementia with
Lewy bodies (DLB). Neuroreport 1999;10:
1903-1907.

»37

»33

»39

» 40

»41

Mori T, Ikeda M, Fukuhara R, Nestor PJ, Ta-
nabe H: Correlation of visual hallucinations
with occipital RCBF changes by donepezil in
DLB. Neurology 2006;66:935-937.
Collerton D, Perry E, McKeith I: Why people
see things that are not there: a novel percep-
tion and attention deficit model for recur-
rent complex visual hallucinations. Behav
Brain Sci 2005;28:737-757, discussion 757-
794.

Geser F, Wenning GK, Poewe W, McKeith I:
How to diagnose dementia with Lewy bod-
ies: state of the art. Mov Disord 2005;20
(suppl 12):S11-S20.

Tiraboschi P, Salmon DP, Hansen LA, Hof-
stetter RC, Thal L], Corey-Bloom J: What
best differentiates Lewy body from Alzhei-
mer’s disease in early-stage dementia? Brain
2006;129:729-735.

Perneczky R, Mosch D, Neumann M,
Kretzschmar H, Miiller U, Busch R, Férstl H,
Kurz A: The Alzheimer variant of Lewy body
disease: a pathologically confirmed case-
control study. Dement Geriatr Cogn Disord
2005;20:89-94.

538

Dement Geriatr Cogn Disord 2008;25:531-538

»42

»43

44

» 45

Merdes AR, Hansen LA, Jeste DV, Galasko
D, Hofstetter CR, Ho GJ, Thal L], Corey-
Bloom J: Influence of Alzheimer pathology
on clinical diagnostic accuracy in dementia
with Lewy bodies. Neurology 2003;60:1586—
1590.

Del Ser T, Hachinski V, Merskey H, Munoz
DG: Clinical and pathologic features of two
groups of patients with dementia with Lewy
bodies: effect of coexisting Alzheimer-type
lesion load. Alzheimer Dis Assoc Disord
2001;15:31-44.

Mosimann UP, Collerton D, Dudley R, Mey-
er TD, Graham G, Dean JL, Bearn D, Killen
A, Dickinson L, Clarke MP, McKeith IG: A
semi-structured interview to assess visual
hallucinations in older people. Int J Geriatr
Psychiatry 2008, E-pub ahead of print.
Walker MP, Ayre GA, Cummings JL, Wesnes
K, McKeith IG, O’Brien JT, Ballard CG:
Quantifying fluctuation in dementia with
Lewy bodies, Alzheimer’s disease, and vas-
cular dementia. Neurology 2000;54:1616—
1625.

Perneczky/Drzezga/Boecker/Forstl/
Kurz/Haussermann



