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Functional interactions between entorhinal cortex and
posterior cingulate cortex at the very early stage of
Alzheimer’s disease using brain perfusion single-photon
emission computed tomography

Kentaro Hirao®9, Takashi Ohnishi®, Hiroshi Matsuda®®, Kiyotaka Nemoto®®,
Yoko Hirata®, Fumio Yamashita®, Takashi Asada® and Toshihiko Iwamoto®

Objective The cause of the reduced regional cerebral
blood flow (rCBF) in the posterior cingulate cortex in the
early stage of Alzheimer’s disease has not been clarified. In
Alzheimer’s disease, the posterior cingulate cortex itself
shows little neuropathologic degeneration, and a hypo-
thesis explaining such a discrepancy is that the functional
impairment in the posterior cingulate cortex reflects
remote effects caused by degeneration in distant but
connected areas, such as the entorhinal cortex. To test the
hypothesis, we investigated the functional connectivity
between the entorhinal cortex and posterior cingulate
cortex.

Methods Sixty-one patients with probable Alzheimer’s
disease at a very early stage and 61 age-matched healthy
controls underwent both brain structural magnetic reso-
nance imaging (MRI) and single-photon emission com-
puted tomography (SPECT). Voxel-based morphometry
was performed on MRI data to identify clusters of
significantly reduced grey matter concentration in patients
with Alzheimer’s disease relative to controls, which were
set as volumes of interest (VOIs) for correlation analyses of
SPECT images. We then used adjusted rCBF values in the
VOIs as covariates of interest in statistical parametric
mapping.

Results Voxel-based morphometry demonstrated a signif-
icant reduction in grey matter concentration in the bilateral
entorhinal cortex in Alzheimer’s disease. A positive
correlation between rCBF in the entorhinal cortex as VOI
and that in the limbic and paralimbic systems, including the

Introduction

Alzheimer’s disease is a neurodegenerative disorder
leading to amnesia, cognitive impairment and dementia,
and is associated with pathological neuronal changes
resulting from the accumulation of f-amyloid plaques and
neurofibrillary degeneration (NFD) [1]. Delacourte e /.
[2] reported that NFDD with paired helical filaments tau
was systematically present in varying amounts in the
hippocampal region, not only in the very early stage of
Alzheimer’s disease, but also in non-demented aged
subjects. When NFD was found in other brain areas, it

0143-3636 (© 2006 Lippincott Williams & Wilkins

posterior cingulate cortex, anterior cingulate cortex, lingual
ayri and left middie temporal gyrus (P<0.001), was
observed in Alzheimer’'s disease. Control subjects also
showed a similar correlation in the limbic and paralimbic
systems, but not in the posterior cingulate cortex.

Conclusion These results indicate that rCBF changes

in the posterior cingulate cortex may be closely related

to those in the entorhinal cortex in patients with
Alzheimer’s disease, thereby supporting the ‘remote effect’
hypothesis. Nucl Med Commun 27:151-156 © 2006
Lippincott Williams & Wilkins.
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was always along a stereotypical, sequential, hierarchical
pathway, and the progression was categorized into several
stages according to the brain regions affected. According
to this report, the posterior cingulate cortex is not
affected by NFD at the ecarly stage of Alzheimer’s
disease.

Morphological magnetic resonance imaging (MRI) stu-
dies have demonstrated that higher atrophy rates in the
medial temporal regions, such as the entorhinal cortex
and hippocampus, are observed in the very early stage of
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Alzheimer’s disease [3-6]. Moreover, recent advances in
computer-assisted statistical imaging analysis have re-
vealed that subjects with very mild Alzheimer’s disease
typically show abnormal metabolic and regional cerebral
blood flow (rCBF) patterns even at the preclinical stage.
Using glucose metabolism positron emission tomography
(PET) with a voxel-by-voxel statistical analysis, Minoshi-
maet al. [ 7] reported that the earliest changes observed in
very mild Alzheimer’s disease occur in the posterior
cingulate cortex. This unexpected finding has been
replicated by other groups using both glucose metabolism
measurements with PET and less sophisticated measure-
ment techniques, such as rCBF measurements with
single-photon emission computed tomography (SPECT).
Bradley e a/ [8] reported that reduced perfusion
appeared between the entorhinal and limbic stages
pathologically defined by Braak and Braak [1] in the
posterior cingulate cortex, as well as in the anterior
temporal lobe, subcallosal arca and precuneus. Our
previous rtCBF SPECT studies demonstrated significantly
decreased rCBF in the posterior cingulate cortex and
precunei bilaterally in patients with mild cognitive
impairment (MCI), proposed by Petersen ef o/ [9], when
compared with controls at least 2 vyears before they
satisfied a clinical diagnosis of Alzheimer’s disease
[10,11]. We also reported a diagnostic value of reduced
rCBF in the posterior cingulate cortex to assist in
discriminating between patients with probable Alzhei-
mer’s disease at the very early stage and age-matched
controls before and after partal volume correction
[12]. Furthermore, a PET study demonstrated hypome-
tabolism of the posterior cingulate cortex in young
subjects with a high genetic risk of developing Alzhei-
mer’s disease [13].

The fact that the posterior cingulate cortex itself shows
little degeneration neuropathologically despite the sig-
nificant reduction in its rCBF or glucose metabolism has
been attributed to the possibility that the posterior
cingulate cortex reflects remote effects caused by
degeneration in distant but connected areas, such as
the entorhinal cortex. In a non-human study, Baleydier
and Mauguiere [14] reported that, in the monkey, the
posterior cingulate cortex receives inputs from the
parahippocampal gyrus, especially the entorhinal cortex,
as well as from the subiculum and presubiculum.
Furthermore, Meguro ¢r @/, [15] reported that lesions of
the entorhinal cortex cause long-lasting, reduced cerebral
glucose metabolism in the parietal, temporal and occipital
associative cortices, posterior cingulate cortex and the
hippocampal regions. Few in-vivo human studies on the
functional connections between the entorhinal cortex and
the rest of the brain, using neuroimaging techniques,
have been published [16], although the association of
atrophy of the medial temporal lobe with reduced rCBF
in the posterior parietotemporal cortex has been reported

in patients with a clinical and pathological diagnosis of
Alzheimer’s disease [17].

In the present study, using MRI and SPECT, we
examined the issue of whether functional connectivity
exists between the posterior cingulate cortex and
entorhinal cortex in humans, and whether the posterior
cingulate cortex is subject to remote cffects caused by
degeneration in distant but connected areas, such as the
entorhinal cortex, in the very early stage of Alzheimer’s
disease.

Materials and methods

We studied retrospectively 61 patients (32 men and 29
women) with MCI who showed progressive cognitive
decline and eventually fulfilled the diagnosis of probable
Alzheimer’s disease according to the National Institute of
Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria [18] during the
subsequent follow-up period of 2-6 years. They were
recruited from 350 patients complaining of memory
impairment in an QOutpatient Memory Clinic at the
National Center Hospital for Mental, Nervous and
Muscular Disorders, National Center of Neurology and
Psychiatry, Tokyo, Japan. They ranged in age from 48 to
87 years with a mean = standard deviation (SD) of
70.6 & 8.4 years. At the first visit, they showed selective
impairment in delayed recall (more than 1.5 SD below
the age-matched normal mean scores) of the word-list
learning test, story recall test or Rey-Osterrieth complex
test on neuropsychologic examination, without an appar-
ent loss in general cognitive, behavioral or functional
status. They corresponded to the MCI criteria and scored
0.5 in the Clinical Dementia Rating [19]. The Mini-
Mental State Examination (MMSE) score [20] ranged
from 24 to 29 (mean, 26.0 = 1.5) at the initial visit.

Sixty-one control subjects (30 men and 31 women; age,
54-86 vyears; mean, 70.2x7.3 vyears) were healthy
volunteers without memory impairment or cognitive
disorders. Specifically, their performance was within
normal limits ( <1SD) on both the Wechsler Memory
Scale-Revised and Wechsler Adule Intelligence Scale-
Revised, and their MMSE score ranged from 26 to 30
(mean, 28.7.+ 1.5). They did not differ significantly in
age or education from the Alzheimer’s disease patients.
Spouses of the patients comprised the control subjects
(not only spouses of the present patients but also spouses
of other patients with advanced Alzheimer’s disease).
None of the control subjects manifested cognitive
changes during the follow-up period of more than 2 years.

The local ethics committee approved the study for both
healthy volunteers and patients with Alzheimer’s disease,
all of whom gave informed consent to participate. All
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subjects were right-handed, were screened by question-
naire with regard to their medical history and were
excluded if they had neurological, psychiatric or medical
conditions that could potentially affect the central
nervous system, such as substance abuse or dependence,
atypical headache, head trauma with loss of conscious-
ness, asymptomatic or symptomatic cerebral infarction
detected by TZ-weighted MRI, hypertension, chronic
lung disecase, kidnev disease, chronic hepatic disease,
cancer or diabetes mellitus.

All subjects underwent MRI and brain perfusion SPECT
within 2 months after the first visit. The MRI data of a
gapless series of thin sagittal sections were obtained using
a three-dimensional volumetric acquisition of a T1-
weighted MPRage scquence (1.0T system; Magnetom
Impact Expert; Siemens, Erlangen, Germany; echo time/
repetition time, 4.4 ms/11.4 ms; flip angle, 15% acquisi-
tion matrix, 256 x 256; one excitation; fleld of view,
31.5 cmy; slice thickness, 1.23 mm). For the pretreatment
of voxel-based morphometry (VBM) analysis of the two
groups (patients with Alzheimer’s disease and controls),
image analysis was performed using Statistical Parametric
Mapping 2 (SPM2; Wellcome Department of Cognitive
Neurology, London, UK) running on MATLAB6.1 (Math-
works, Sherborn, Massachusetts, USA). Using SPM2
software, the original MRI images were first segmented
by extraction of only grey matter, and the segmented
images were spatially normalized into the standard space
of Talairach and Tournoux [21]. Normalized images were
then smoothed with a 12 mm full width at half-maximum
isotropic Gaussian kernel to accommodate individual
vartability in the sulcal and gyral anatomy. The VBM
analysis between patients with Alzheimer’s disease and
controls was performed by group analysis of SPM2 to
idenufy clusters of significantly reduced grey matter
concentration in patients with Alzheimer’s disease
relative to controls, which were set as volumes of interest
(VOIs) for correlation analyses of SPECT images.

Before the SPECT scan was performed, all subjects had
an intravenous line established. They were injected while
lying supine with their eyes closed in a dimly lit quiet
room. Each subject received an intravenous injection of
600 MBq of technetium-99m ethyl cysteinate dimer
(*™Te-ECD). Ten minutes after the injection of *™Te-
ECD, brain SPECT was performed using three-head
rotating gamma cameras (Multispect3; Siemens Medical
Systems, Inc., Hoffman Estates, Illinois, USA) equipped
with high-resolution fan-beam collimators. For each
camera, projection data were obtained in a 128 x 128
format for 24 angles at 50 s per angle. A Shepp and Logan
Hanning filter was used for SPECT image reconstruction
at 0.7 cycles/em. Atrtenuation correction was performed
using Chang’s method. To calculate rCBE the lineariza-
tion algorithm of a curvilinear relationship between the

brain activity and blood flow was applied, as described in
previous reports [22].

Partial volume correction was performed for atrophy
correction in SPECT images using the above-mentioned
three-dimensional  volumetric T1-weighted magnetic
resonance images, as described in previous studies
[12,23]. In summary, partial volume correction was
performed by dividing a grey matter SPECT image by a
grey mateer magnetic resonance image convoluted with
equivalent spatial resolution to SPECT on a voxel-by-
voxel basis. In the present study, a fully auromared
program for the partial volume correction, developed
using C ™ language, was employed.

The SPECT images after partial volume correction were
analyzed with SPM2. Using a template for *™Tc-ECD,
the SPECT data were transformed into a standard
stereotactic space. The spatial normalization algorithm
of SPM2 was used for linear and non-linear transforma-
tion. A Gaussian filter (1Z2mm full width at half-
maximum) was used to smooth each image. The effect
of global differences in rCBF between scans was removed
by proportional scaling with the threshold at 20% of
whole brain activity. Using MRIcro (htep://www.psycho-
logy.nottingham.ac.uk/staff/crl/mricro.htmti), we checked
the mask image for statistical analysis and verified that
medial temporal regions, including the parahippocampal
gyrus and hippocampus, were encompassed in the
analysis. The rCBF values of the VOIs identified by
VBM analysis in SPECT images after paruial volume
correction were extracted for each subject. The values
were then adjusted using the equation, 100 x (rCBF of
VOI)/(each global cerebral blood flow), and were treated
as covariates of interest. Intercorrelations between
different brain regions were analyzed using SPM2 1o
investigate functional interactions according to Horowitz
et al. [24].

Results

The VBM analysis demonstrated significant reductions of
grey matter concentration in the left (=16 -7 15, x y x;
Z=746) and right (18 -9 =16, x y 2z, Z=7.45)
entorhinal cortex in the very early stage of Alzheimer’s
disease compared with controls (£ < 0.001, corrected for
multiple comparisons, Fig. 1). These areas were set as
VOIs (1.4cm® for each hemisphere). We used the
adjusted rCBF values in these entorhinal cortex VOIs as
the covariates of interest for correlation analysis of rCBE
SPECT. Adjusted rCBF values in the entorhinal cortex
VOIs ranged from 42.3 to 142.1% (mean = SD,
83.4+17.6%) and from 67.4 to 112.2% (mean = SD,
88.4 = 10.5%) for patients with Alzheimer’s disease and
controls, respectively. Patients with Alzheimer’s discase
did not show a significant reduction in grey matter
concentration in the posterior cingulate cortex compared
with controls, even at a lenient threshold (P < 0.01).
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Correlation analysis (£ < 0.001, corrected for multiple
comparisons) revealed positive correlations  between
rCBF values in the entorhinal cortex and those in the
limbic and paralimbic systems, including the posterior
cingulate cortex, anterior cingulate cortex, lingual gyri
and left middle temporal gyri, in Alzheimer’s disease. In
contrast, control subjects showed positive correlations in
the limbic and paralimbic systems, but not in the
posterior cingulate cortex (Table 1, Fig. 2).

Discussion

The VBM analysis demonstrated a significant reduction
in grey matter concentration in the bilateral entorhinal
cortex in the very early stage of Alzheimer’s disease
compared with controls. The entorhinal cortex is a well-
known site in which pathological changes of Alzheimer’s
disease occur, even at a very early stage [25]. This result
corresponds to previous VBM studies [3-6]. Therefore,
we believe that the results of VBM analysis confirm that
the profile of SPECT is suitable for the aim of our study:
the investigation of the functional interaction between

Fig. 1

Orthogonal sections of Statistical Parametric Mapping 2 (SPM2)
results for significant decline of grey matter concentration in patients
with very early Alzheimer’s disease compared with age-matched healthy
volunteers (—16 =7 15, x y 2; Z=746; 18 ~9 -16, x y z; Z=7.45).
These regions correspond to bilateral Brodmann areas 34 (dorsal
entorhinal cortex). Height threshold, <0.001; corrected for multiple
comparisons.

the rCBF in the entorhinal cortex and posterior cingulate
cortex at the very carly stage of Alzheimer’s disease.

The more limited spatial resolution of SPECT scanners in
comparison with PET does not allow an exact measure-
ment of the local radiotracer concentration in brain tissue,
as partial volume effects underestimate the activity in
small structures of the brain. As focal brain atrophy

accentuates the pardal volume effect on SPECT
measurements, actual rCBF values could be under-

estimated in the entorhinal cortex in Alzheimer’s disease.
To obtain accurate rCBF correlation between the
entorhinal cortex and other brain areas, rCBF was

Fig. 2

Healthy volunteers

¢ g e

Maximum intensity projections of Statistical Parametric Mapping 2
(SPM2) results for functional connectivities between the entorhinal
cortex and the rest of the brain in healthy volunteers (top) and patients
with Alzheimer's disease (bottom). Height threshold, <0.001;
corrected for multiple comparisons. Local maxima of regions of
correlated regional cerebral blood flow (rCBF) are given in Table 1.

Table 1

Local maxima of brain areas in which regional cerebral blood flow (rCBF) is correlated with that in the entorhinal cortex

Coordinates {mm)

Structure X y z Z-score
Healthy volunteers Left amygdala - 18 -7 -15 Infinite
Right amygdala 18 -5 -13 Infinite
Right parahippocampal gyrus (BA35) 24 -26 ~14 5.41
Right superior temporal gyrus (BA21) 53 -2 -10 4.81
Left insula -40 10 o] 4.8
Left parahippocampal gyrus (BA36) -22 -34 -10 4.5
Alzheimer’s disease Left amygdala -18 -7 -15 Infinite
Right amygdala 18 -3 - 15 Infinite
Right parahippocampal gyrus (BA36) 22 ~36 -13 6.44
Left parahippocampal gyrus (BA36) -26 -34 -13 6.03
Bilateral posterior cingulate cortex (BA23) o ~63 14 5.66
Right lingual gyrus {BA18) 12 -72 -3 5.62
Bilateral dorsal posterior cingulate cortex (BA31) 0 =11 47 5.34
Left lingual gyrus (BA18) -4 -72 -3 5.12
Left anterior cingulate cortex (BA24) -4 37 0 4.85
Left middle temporal gyrus (BA21) -53 -1 -10 4.81
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corrected for the partial volume effect in the present
study. Although the correction for the partial volume
effect has been reported to decrease the regional
metabolic or rCBF difference berween patients with
Alzheimer’s disease and control subjects [26], the
decrcase in intersubject variations of adjusted rCBF
values has been rcported to increase the statistical
significance [12].

In the present study, correlation analysis showed positive
correlations between rCBF values in the entorhinal correx
and in the limbic and paralimbic systems, including the
posterior cingulate cortex, anterior cingulate cortex and
lingual gyri, in Alzhcimer’s disease. In contrast, control
subjects showed a corrclation in the limbic and paralimbic
systems, but not in the posterior cingulate cortex.
Meguro ez al. [15] reported that lesions of the entorhinal
cortex In non-human primates cause a long-lasting
reduced cerebral glucose metabolism in the hippocam-
pus, the inferior parietal, posterior temporal and posterior
cingulate cortex, and associative occipital cortices.
Insausti ¢r «/ [27] also reported that the entorhinal
cortex has connections to the limbic and paralimbic
systems, including the anterior cingulate cortex and
posterior cingulate cortex, insula in the temporal lobe,
parainsula area in the parietal lobe, dorsolateral frontal
cortex and an orbital region in the frontal lobe in the
monkey. Our results in patients with Alzheimer’s discase
agreed well with these experimental results. With regard ro
control subjects, who showed similar correlations in the
limbic and paralimbic systems, but not in the posterior
cingulate cortex, Meguro ¢ &/ [15] have demonstrated that
the degree of reduced cerebral glucose merabolism in areas
that have connections with the entorhinal cortex correlates
significantly with the severity of histologically determined
damage in the entorhinal cortex. In Alzheimer’s disease,
the entorhinal cortex may be more markedly damaged than
in controls, as adjusted rCBI values in the entorhinal
cortex VOIs were approximately 6% lower on average in
patients with Alzheimer’s discase than in  controls.
Although our correlation analysis showed connections with
the entorhinal cortex more strongly in patients with
Alzheimer’s disease than in controls, this may simply be
due to a smaller range of adjusted rCBI values in the
entorhinal cortex VOIs in controls than in patients with
Alzheimer’s disease. Although Mosconi ez #/. [16] reported
the loss of entorhinal cortex corrclations with cerebral
cortices in glucose metabolism in patients with more
advanced Alzheimer’s  disease, the entorhinal  cortex
correlation with the posterior cingulate cortex was observed
in patients with Alzheimer’s disease, but not in healthy
control subjects, in a similar manner to the present study.

Conclusion
According to an SPM approach to rCBIF SPECT, we found
enhanced functional connectivity between the entorhinal

cortex and posterior cingulate cortex in Alzheimer’s
disease at the very early stage. The results indicate that
rCBF changes in the posterior cingulate cortex may
positively correlate with those in the entorhinal cortex
through this functional connectivity. Taken together, our
results may support the existence of a ‘remote effect’.
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Abstract

An open-labeled study was conducted to examine the efficacy of selective serotonin and noradrenaline reuptake inhibitor (SNRI), milnacipran
in treating depression in Alzheimer’s disease (AD) patients. Eleven patients with AD showing major depressive symptoms were examined. Ten of
11 patients demonstrated an over 50% decrease in their HAM-D scores from the baseline, and 8 of 11 patients reached remission (HAM-D
score = 7) within 12 weeks of the start of milnacipran treatment, and their GAF score was also remarkably improved. Although in 11 patients, two
patients showed a mild hypomanic state and one patient showed daytime somnolence, these problems were quickly solved after a decrease in the
daily dose or discontinuation of milnacipran. In addition, the treatment had no negative effects on cognitive function of the patients. Our study
results suggest that milnacipran is a promising medicine for depressive state in AD patients.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

In Alzheimer’s disease (AD) patients, depression is not a rare
condition. The prevalence of major depression has been
reported to be within the range of 20-25% (Migliorelli et al.,
1994; Olin et al., 2002) of AD patients. Depression in AD
patients is associated with earlier placement out of the
community into a nursing home (Steele et al., 1990), and is
also associated with greater impairments in the quality of life
(Gonzales-Salvdor et al.,, 2000) as well as with increased
caregiver depression and burden (Gonzales-Salvdor et al.,
1999). Although some tricyclic anti-depressants (TCAs) have
been found to improve depression in AD, the anti-cholinergic
cffects of these medicines are critical to cognitive function in

Abbreviations: AD, Alzheimer’s disease; CDR, clinical dementia rating;
DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, fourth edition;
FAST, Functional assessment staging; GAF, General assessment of functioning;
HAM-D, Hamilton Depression Score; MMSE, Mini-mental state examination;
MRI, Magnetic resonance imaging; SNRI, Serotonin and noradrenaline
reuptake inhibitor; SPECT, Single photon emission computerized tomography;
SSRI, Serotonin selective reuptake inhibitors; TCAs, Tricyclic anti-depressants.
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AD patients (Teri et al.,, 1991). Recently, serotonin selective
reuptake inhibitors (SSRIs) have been recommended for
depression in AD patients due to their minimal anti-cholinergic
effects, although their efficacy has remained controversial and
further studies are needed.

Milnacipran (1-phenyl-1-diethyl-aminocarbonyl-2-amino-
methyl-cyclopropane hydrochloride) is a novel anti-depressant
agent that is a selective serotonin and noradrenaline reuptake
inhibitor (SNRI) (Puech et al., 1997; Briley, 1998), and is
reported to be devoid of any postsynaptic activity (Moret et al.,
1985). Although milnacipran has been reported to be effective
and safe for elderly depressive patients (Tignol et al., 1988),"
thus far there has been no study focusing on its effects on
depression in AD patients. We describe here the efficacy and
safety of milnacipran on depression with AD through its open
trial for 11 patients. To our knowledge, this is the first paper
reporting SNRI treatment of depression in AD patients.

2. Methods
2.1. Patients

A consecutive series of 11 patients were enrolled in this
study, and all 11 participants were recruited from the outpatient
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clinic of Ishizaki Hospital, and provided written informed
consent for study participation. The study was carried out in
accordance with the ethics and principles embodied in the
Declaration of Helsinki of 1975. Clinical diagnosis of AD was
made utilizing DSM-IV (American Psychiatric Association,
1994) and NINCDS/ADRDA (McKhann et al., 1984) criteria.
In addition, all 11 patients were diagnosed to be consistent with
major depressive episode according to DSM-IV criteria, and
their Hamilton Depression Score-17 (HAM-D17) (Hamilton,
1960) scores were greater than [2. All patients in this study
were able to understand the contents of the interview and to
describe their mental conditions.

2.2. Patient assessment

Patients also underwent physical, neurological, and routine
laboratory examinations as well as brain magnetic resonance
imaging (MRI). Patients were evaluated for cognitive and social
function using the mini-mental state examination (MMSE)
(Folstein et al., 1975), general assessment of functionning
(GAF) according to DSM-IV, functional assessment staging
(FAST) (Reisberg, 1988), and stage of the clinical dementia
rating (CDR) (Hughes et al., 1982).

2.3. Drug administration

For 11 patients, treatment with milnacipran was begun after
all evaluations were done. Seven patients started with
milnacipran at 30 mg daily and 4 patients started with 15 mg
daily. If patient showed no improvement for two weeks, the
dose was increased by 15 mg/day. The participants underwent
repeated evaluation for depressive states using the HAM-D
every 2 weeks. Cognitive function using MMSE and social
function using the GAF were also evaluated every 4 weeks. The
average scores of HAM-D, MMSE, and GAF were compared
between the baseline and the endpoint, which was defined as the
time of 12 weeks after the start of milnacipran treatment. If
patients discontinued milnacipran before 12 weeks, the week of
the discontinuation was defined as the endpoint. A HAM-D
score of 7 or below was defined as remission. Statistical analysis
was carried out using the Wilcoxon method. p<0.05 is regarded
as a significant difference.

3. Results

Eight patients took milnacipran for more than 12 weeks
(72.7%); and 3 patients discontinued the treatment within
12 weeks. The reasons for discontinuation were emergence of
hypomanic state for one patient (Case 5) and dropout for two
patients (Cases 9 and 10). Case 10, however, resumed the treatment
of milnacipran due to recurrence of depression thereafter.

Table 1 shows the background characteristics of the 11
patients analyzed. Their mean age was 75.2+9.4 (range 56—-84)
years. Of the 11 patients, 9 (81.8%) were female. The numbers of
subjects for CDR 1 and CDR 2 ratings were 6 and 5, res-
pectively, and the numbers of subjects for FAST 4, S, and 6
stages were 8, 2, and 1, respectively. The average HAM-D,

Table 1
Demographic characteristics of 11 patients
Variable p value
Age (y. meantSD) (range) 75.2+£9.4 (56-84)
Sex

Male 2

Female 9
CDR

1

2 5
FAST

4 8

5 2

6 1
HAM-D (mean+SD)"

Baseline 19.8+3.7 (14-26)

Endpoint 6.3+3.8 (2-14) p=0.0030
GAF (mean+SD)"

Baseline 33.4412.6 (21-65)

Endpoint 56.0+11.8 (30-75) p=0.0032
MMSE (mean#SD)

Baseline 19.1£4.2 (9-23)

Endpoint 20.0:4.7(9-24) p=0.5368

* Siginificant.

MMSE, GAF scores of the 11 patients at baseline were 19.8+3.7
(range 14-26), 19.1+4.2 (range 9-23), and 33.4+12.6 (range
21-65), respectively.

One of 11 patients (Case 3) had a past history of major
depressive episode, while the other 10 had no history of
psychiatric illness including depression.The maximum average
dose of milnacipran within 12 weeks was 41.4+20.4 mg (range
15-75 mg). The endpoint. of the average HAM-D and GAF
scores of 11 patients were 6.3+3.8 (range 2—14) and 56.0+11.8
(range 30-75), respectively. There is a significant difference in
the average HAM-D and GAF scores between the baseline and
the endpoint (at 12th week) (p=0.0030, p=0.0032, respective-
ly). In contrast, there is no significant difference in the average
MMSE scores of 11 patients between the baseline and the
endpoint (p=0.5368). Within 12 weeks, all the 11 patients
showed improvement of depressive states, and 10 of 11 patients
(except for Case 4) exhibited more than 50% HAM-D score
reduction compared with the baseline score (Table 2). In
addition, 8 patients reached remission (HAM-D score £7) at
endpoint (12 weeks) and 5 patients reached remission within
4 weeks (Fig. 1). Broad aspects of depressive states, including
depressive mood, anxiety, and psychomotor retardation, were
improved by the treatment with milnacipran. Adverse reactions
were observed in three patients. Although two patients (Cases 5
and 8) showed a mild hypomanic state and one patient (Case 1)
showed daytime somnolence, these problems were quickly
solved after a decrease in the daily dose (Cases 1 and 8) or
discontinuation (Case 5) of milnacipran. The summary of 1
cases was shown in Table 2.

3.1. Case reports

Case 1| is a 84-year-old man with a 5-year history of
cognitive decline and a l-year history of depressive state,
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Table 2
Summary of 11 patients

No. Age Sex  Milnacipran (mg/day) HAM-D GAF MMSE Side effect
Initial Maximum  Baseline Endpoint % Changes  Baseline Endpoint Baseline Endpoint
[ 84 M 30 60 18 5 =72% 35 45 15 14 Drowsiness
2 78 F 30 50 24 12 - 50% 21 55 22 21
3 79 F 30 30 23 S ~18% 25 60 23 21
4 79 F 15 30 26 14 ~46% 35 50 22 20
5 71 F 30 30 19 T(4W) ~63% 25 30(4W) 9 9 Hypomanic
6 81 F 15 I5 18 6 ~67% 45 55 17 18
7 77 F 30 30 14 4 - 711% 65 75 22 24
8 79 F 15 60 19 2 -89% 31 6l 22 24 Hypomanic
9 84 M 15 15 18 8(5W) ~56% 35 65(5W) 21 22
10 59 F 30 60 16 4(10W) -75% 25 S5(10W) 18 21
1 56 F 30 75 23 2 -91% 25 65 19 23
24.5+7.6 4144204 19.843.7 6.3£3.8 3344126 56.0+11.8 19.1+4.2 20.0+4.7

including severe depressive mood and loss of interest and
moderate suicidal ideas. His depressive states had persisted
despite treatment with fluvoxamine. He was started on 30 mg
daily of milnacipran, which was gradually dosed up. At 60 mg
he felt sleepiness, which was resolved by reduction to 45 mg.
He recovered from his depression within 12 weeks.

Case 5 is a 71-year-old woman with a 4-year history of
cognitive decline and a 1-month history of depressive state, with
moderate depressive mood, loss of interest, and anxiety. She
started on milnacipran at 30 mg daily, then 2 weeks later dosed
down to 15 mg, and 4 weeks later discontinued due to slight
hypomania. At 4 weeks, her mood disorder had resolved.

Case 8 is a 79-year-old woman with a 2-year history of
cognitive decline and a 1 month history of depression char-
acterized by moderate depressive mood, loss of interest, feel-
ings of guilt, and psychomotor retardation. She started on
milnacipran at 15 mg/day and dosed up to 60 mg. Her depres-
sion remitted within 4 weeks. At 60 mg daily, she showed a
transient hypomanic state, which was quickly resolved by dose-
down to 45 mg daily.

Case 10 was a 59-year-old woman with a 2-year history of
cognitive decline and a 2-month history of depression, including

(%) n=11
100 4

80 1

60 1

40

20 1

Rate of cases with HAM-D 7

O- oot

4] 2 4 6 8 10 12
Time (weeks)

Fig. 1. Graph showing cumulative remission rate of 11 patients. Eight patients
reached remission within 12 weeks, and 5 patients reached remission within
4 weeks.

moderate depressive mood, feelings of guilt, suicidal ideas, and
anxiety. She was started on a daily dose of 30 mg milnacipran.
Milnacipran at 60 mg daily put her depression into remission at
8 weeks. However, her 2-month discontinuation of milnacipran
caused her depressive state to recur, and then resumption of
45 mg/day milnacipran again improved her depressive state.

4. Discussion

In our study, all the 11 patients demonstrated a remarkable
improvement in depression with milnacipran treatment. Within
12 weeks, 8 of 11 patients reached remission (remission rate,
more than 70%). Previous studies on depressive state in AD
patients treated with anti-depressants demonstrated that the
remission rates using clomipramine and fluoxetine, respective-
ly, are 82% (Petracca et al., 1996) and 47% (Petracca et al.,
2001), and that the rate of 30% reduction in HAM-D scores
using fluoxetine and amitriptyline is 64% and 50%, respectively
(Taragano et al., 1997). Thus, our study using milnacipran
appears to have attained a very high remission rate, although
there are some limitations to compare the results of our study
with the previous studies. In addition, the majority of our
patients showed a quick response, and 5 of 11 patients reached
remission within 4 weeks. Interestingly, milnacipran has been
reported to alleviate the symptoms of post-stroke depression
within 1-2 weeks (Kimura et al., 2002). In addition, the onset of
action of milnacipran is faster than that of SSRIs such as
fluvoxamine and paroxetinc (Morishia and Arita, 2003).
Collectively, it is reasonable to suppose that milnacipran is
effective in treating major depression in AD patients, and its
effects appear within a short time interval. In our patients, with
the treatment of milnacipran, all the 11 patients showed a
remarkable improvement in GAF score according to the
improvement of their depressive state, suggesting that milna-
cipran also has a beneficial impact on social function in AD
patients.

Some reports have pointed out the placebo effect in the
treatment of depression in AD patients (Petracca et al., 1996,
2001). Also in our study, it is possible that the placebo effect
contributed to the improvement of depressive states. However,
the remission rate using placebo has been reported to be



K. Mizukami et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 30 (2006) 1342-1346 1345

approximately 30-35% (Petracca et al., 1996, 2001), and the
remission rate in our study is much higher than that expected
using placebo. In addition, in Cases 1, 2, and 3, previous anti-
depressant therapy was ineffective, and after milnacipran
treatment their depression improved. Case 10 aggravated her
depression by discontinuation of milnacipran and recovered by
its resumption. These clinical observations argue against the
concern regarding placebo effects, although a further double-
blind study is needed.

In our study, no serious adverse reactions were observed,
although adverse reactions were noted in three patients, who
recovered quickly after discontinuation or a decreased dose. The
average MMSE scores of the 1l patients did not change
significantly with the treatment of milnacipran, although some
variations in the alteration patterns of MMSE scores were
observed in each patient. It has been reported that depressive
AD patients taking TCAs such as imipramine and clomipramine
demonstrate decreased MMSE scores compared with depres-
sive AD patients taking a placebo (Teri et al., 1991; Petracca et
al., 1996). Milnacipran has a lack of anti-cholinergic and
sedative effects (Moret et al., 1985), and it is reported to be free
from disruptive effects on cognitive function in elderly healthy
volunteers (Hindmarch et al., 2000) as well as elderly de-
pressive patients (Tignol et al., 1988). Our study suggests that
milnacipran is also a safe medicine for the cognitive function of
AD patients. However, it has been reported that dysuria is
observed significantly more frequently with milnacipran than
with TCAs and SSRIs (Puech et al., 1997; Tignol et al., 1988).
Thus, it is important to watch for the development of dysuria
during the treatment, especially in the case of elderly male
patients.

Nowadays, SSRIs are recommended as a first-line medicine
for depression in AD because of their efficacy and safety
(Taragano et al., 1997; Lyketsos et al., 2003), although some
studies have failed to show their efficacy (Petracca et al., 2001;
Magai et al., 2000). It has been documented that in those aged
50 years or older, milnacipran has a tendency to be more
effective than SSRIs such as fluvoxamine and paroxetine
{(Morishita and Arita, 2004). Furthermore, milnacipran has
metabolic advantages over SSRIs, since the latter are metab-
olized via and inhibit cytochrome P450 isoenzymes and there-
fore have an important interactive potential, while milnacipran
has no inhibition on any cytochrome P450 isoenzymes (Puozzo
and Leonard, 1996), thus reducing the risk of adverse effects
due to drug interactions. In addition, postmortem studies have
shown that depression in AD has been associated with a selec-
tive loss of noradrenergic cells in the locus ceruleus (Zubenko et
al., 1990). Taking these findings together, milnacipran is
expected to be better than SSRIs with regard to efficacy and
safety in treating depression in AD patients.

There were some limitations in this study. First, it was an
open-label study and not a double-blind study with a placebo.
Second, the number of patients was small. To confirm the
efficacy of milnacipran in treating depression in AD patients,
these limitations must be addressed in future studies.

In conclusion, our preliminary study suggests that milnaci-
pran is a promising medicine for depression with Alzheimer’s

disease due to its efficacy and safety, although further studies,
including a double-blind placebo control study, are needed.
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Abstract
We assessed the elficacy ol the serotonin dopamine antagonist, perospirone (PER) on aggressive and agitated behavior in demented patients.

Eighteen outpatients with dementia diagnosed according to the DSM-IV were enrolled in this study, and their behavioral symptoms and cognitive
impairments were assessed with the Behavioral Pathology in Alzheinier’s Discase (BEHAVE-AD) and Mini-Mental State Examination (MMSE)
instruments for a period of 6weeks. The maximum benefit of PER was achieved at a mean dose of 7.4mg/day. Post-hoc analysis showed
significant improvement in verbal outbursts after 4weeks and in agitation scores after 4 and 6 weeks. Only 2 patients dropped out of the study,
because of adverse effects, and no serious adverse effect was observed. The data suggest that PER is effective in improving aggressive and

agitated behavioral symptoms in demented patients and that it is safe to use in elderly patients.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Aggressive behavior; Behavioral and psychological symptoms of dementia; Dementia; Perospirone

1. Introduction

The behavioral and psychological symptoms of dementia
(BPSD), which include aggression, agilation, screaming,
wandering, hallucination, and delusion, have a negative impact
on patients’ activities of daily living and on caregivers” quality
of tlife. Among the BPSD, aggression and agitation are
especially serious and problematic symptoms for family
caregivers, and these symptoms are often the primary cause of
hospital admission or institutional care (American Psychiatric
Assoctation, 1997: Schneider ¢t al.. 1996). In addition, it is

Abbreviations: AD, Alzheimer’s discase; ANOVA, analysis of variance;
BEHAVE-AD, Bebavioral Pathology in Alzheimer’s Disease; BPSD. behav-
ioral and psychological symptoms of dementia; CDR, Clinical Dementia Rating:
DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, fourth edition;
EPS. extrapyramidal symptoms; MMSE. Mini-Mental State Examination; VD,
vascular dementia.
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reported that aggression and agitation occur in about 20--80% of
patients with Alzheimer’s disease (AD) (Burns et al, 1990
Cooper et al., 1990: Lyketsos et al., 2000: Mega et al., 1996),
and that patients with vascular dementia (VD) also often exhibit
aggression and agitation (Cohen et al., 1993).

Although non-pharmacological interventions, such as the
verbal environmental intervention, should be first-line for
milder BPSD (American Psychiatric Association, 1997: Asada
et al., 2000), many psychotropic agents (e.g. conventional
antipsychotics, benzodiazepines, antidepressants, anticonvul-
sants, and beta-blockers) have been used to manage aggressive
behavior. However, their efficacy is insufficient (Cohen et al.,
1993; Schneider et al., 1996) and their use has been limited
because of adverse effects such as orthostatic hypotension,
arrhythmia, extrapyramidal symptoms (EPS), urinary retention,
constipation, sedation, and delirium (Brodaty et al., 2003: De
Deyn et al., 19991 Katr et al, 1990: Schoeider et al., 1996).
Recently, newer atypical antipsychotics, characterized by the
serotonin (5-HT2) and dopamine (D2) antagonists, have been
used for the treatment of aggression in demented patients.
Double-blind, placebo-controlled trials have demonstrated that
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some atypical neuroleptics, such as risperidone and olanzapine,
have benelicial effects and are well tolerated (American
Psychiatric Association, 1997 Brodaty et al., 2003: De Deyn
et al,, 1999: Schaeider et al., 1996: Street et al., 2000) in the
treatment of aggression and agitation in demented patients.

Perospirone(cis-N-[4-[4-(1,2-benzisothiazole-3-yl)-1 -pipera-
zinyl}butyl]cyclohexane-1,2-dicarboximide monohydrochlor-
ide) (PER) is a novel antipsychotic agent available in Japan
for the wreatment of schizophrenia. PER has a unique
pharmacologic profile and acts as a serotonin-dopamine
antagonist (Onrust and McClellan, 2001) as well as a partial
scrotonin (5-HT1A) agonist (de Paulis, 2002). Buspirone,
which exhibits 5-HT1A agonist effects, has been reported to
be effective in the wreatment of aggressive and agitated
behaviors associated with dementia (Cantillon et al, 1996;
Hermann and Eryavee, 1993; Sakauye ot al,, 1993). Previous
studics demonstrating buspirone efficacy led us to hypothe-
size that PER would be effective and safe in the treatment of
aggressive and agitated behaviors in patients with dementia.
We previously reported six patients with dementia, in whom
PER reduced aggression (Sato et al., 2006). This article
further presents the effects of PER on aggressive and agitated
behaviors associated with dementia.

2. Methods
2.1. Putient population

A consecutive series of 18 patients were enrolled in this study.
All patients were referred 1o the outpatient clinic of Ishizaki
Hospital between April 2003 and March 2004. Eligibility criteria
for the present study were: meeting the diagnosis of dementia of
the Alzheimer’s type (AD) or vascular type (VD) according to
DSM-1V (American Psychiatric Association, 1994): and
exhibiting moderate to severe agitation or aggressive behavior
requiring pharmacotherapy for at least Imonth. This study
protocol was approved by the Internal Review Board of Ishizaki
Hospital. Patients and their caregivers provided written
informed consent for study participation. However, if the patient
was lack of ability to give it, we obtained it from only their
caregivers. The patients underwent physical, neurologic, and
laboratory examinations as well as brain magnetic resonance
imaging. If they had a serious physical illness or a past history of
mental disorders, they were excluded from the study.

2.2, Drug administration

Initially, the administration of PER started at §mg/day
divided into moming and evening doses. If efficacy was deemed
insufficient, the dose was increased weckly by 4mg/day.
However, if the initial dosage of PER was associated with any
adverse effects, the dose was decreased weekly by 2 or 4mg/
day. The maximum effective dose was determined based on
clinical judgment and the BEHAVE-AD scores.

Basically, the patients treated with PER monotherapy during
the study period. However, 9 cases had previously received
other medications (sodium valproate 6 cases, tiapride 4 cases,

donepezil 3 cases, risperidone 1 case, olanzapine 1 case). In
these cases, risperidone and olanzapine were discontinued,
while the other previous medications were continued, and their
dosage was unchanged during the study.

2.3 Study design und assessment instruments

The patients were assessed four times, at baseline and at 2, 4
and 6weeks after the start of PER administration. The Mini-
Mental State Examination (MMSE) (Folstein et al., 1975) and
the Clinical Dementia Rating (CDR) (Hughes ¢t al., 1982) were
used to assess the severity of cognitive deficits. Psychiatric and
behavioral symptoms were evaluated with the Behavioral
Pathology in Alzheimer’s Discase (BEHAVE-AD) instrument
(Reisherg ct al., 1987). The BEHAVE-AD scale measures
behavioral disturbances in the seven major categories of
“paranoid and delusional ideation,” “hallucination,” “activity
disturbances,” “aggressiveness,” “diurnal rhythm disturbances,”
“affective disturbances,”™ and “anxieties and phobias.” In this
study, the change in the total score and aggressiveness score
including “verbal outbursts,” “physical threats and violence,”
and “agitation” subscales of the BEHAVE-AD were evaluated.

2.4. Data analvsis

Initial and end-point MMSE scores were compared using the
Wilcoxon signed-rank test. Changes in the total BEHAVE-AD
scores and each subscale of BEHAVE-AD at cach time point
were analyzed by means of repeated-measures analysis of
variance (ANOVA). Dunnett test was used for Post-hoc analysis
of ANOVA comparing baseline and 2, 4 and 6weeks after
scores. The significant level was set at p<0.05.

3. Results
The 6-week course of treatment was completed by 16
patients (88.9%); and 2 patients discontinued PER due to

adverse effects. Table 1 shows the background characteristics of

Table |
Demographic characteristics of 18 patients

Jariable

78.1 6.6 (65- 89)

Age (years. mean i SD) (range)

Sex

Male 7
Female I
Diagnosis

AD 15

VD 3
MMSE {(mean - SIN*

Baseline 123463
End-point (1= 10) 156489
CDR {(mean £8D) 2.2:04
Perospirone dose (img/day, mean + SD) (range) (1= 16) 744352 -12)

AD: Alzheimer’s disease.
VD: vascular dementia.
MMSE: Mini-Mental State Examination.
CDR: Chinical Dementia Rating.
* Not significant. Wilcoxon signed-rank test.
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Fig. 1. Changes in total BEHAVE-AD score in patients with dementia during
PER treatment. Post-hoc analysis showed significant total score reductions after
2.4 and 6weeks (*p<0.05).

the 18 patients analyzed. Their mean age was 78.1+6.6 (range
05--89) years. Of the original 18 patients, 11 (61.1%) were
women. Among the patients analyzed, 15 (83.3%) had AD.
while 3 (16.7%) had VD.

The patients” mean=SD baseline MMSE score was 12.3
+6.3 (range 0- 22) and the severity of dementia {(on the CDR)
was moderate (mean=SD 2.2+0.4, range 2-3). There were no
significant differences in MMSE score between baseline and
end-point. The maximum benefit of PER was seen in the dose
range of 2-12mg/day (mean dosage=SD 7.4+3.5mg/day).

Two patients dropped out of this study because of adverse
effects. One was an 82-year-old man diagnosed with AD. After
receiving PER 8mg/day for 2weeks, he began to show an
unsteady gait and tendency to stumble. The other patient was a
76-year-old man with AD. After 3-week administration of PER
12mg/day, he had muscle weakness and fell repeatedly. Both
patients quickly recovered from these adverse symptoms after
the discontinuation of PER. In addition, although slight sedation
(2 patients) and slight muscle weakness (5 patients) were
observed during improvement of aggressive behavior, these

BEHAVE-AD aggression score

adverse effects were quickly resolved after modification of
dosage. No serious adverse effect was observed in this study.

Analysis of variables in the total BEHAVE-AD score
showed a significant improvement with PER treatment
(F=6.03, p=0.007). Post-hoc analysis revealed that there
were significant score reductions at 2, 4 and 6 weeks after the
initiation of PER administration (Fig. 1). The analysis also
showed a significant improvement in the subscale scores for
verbal outbursts after 6weeks and for agitation after 4 and
6weeks (Fig. 2). Physical threat and/or violence scores did not
change significantly.

4. Case report

A T4-year-old woman with AD was referred to our outpatient
unit for psychiatric evaluation. She had a 13-year history of
gradually progressive coguitive impairment. She did not have
any history of marked physical or psychiatric problems. At the
age of 72years, she casily became angry and excited by
inconsequential matters and exhibited aggressive and violent
behavior against her family. On her first visit, her total
BEHAVE-AD and MMSE scores were 21 and 18, respectively.
She was administered PER 8mg/day. One week later, her
agitation, excitement, and violent speech had markedly
decreased. Her aggressive behavior disappeared in 4weeks
and she became better able o perform housekeeping tasks than
previously.

5. Discussion

In the present study, PER at low doses (mean dose 7.4mg/
day) significantly improved aggression and agitation in
demented patients. No serious adverse effects were observed
in this study. Only 2 of 18 patients dropped out of the study
because of adverse effects such as muscle weakness and
unsteady gait, which were not serious and resolved quickly after
the discontinuation of PER. In addition, anticholinergic effects,
EPS, or decline in cognitive function as measured using the
MMSE were not observed. PER displays the characteristics of

—— Verbal outbutbursts
— @ — physical threats and/or violence

- - 4 - - Agitation

Baseline 2 4
Time(weeks)

Fig. 2. Changes in BEHAVE-AD aggression scores in patients with dementia during PER treatment. Post-hoe analysis showed significant reductions after 6 weeks
(*p<0.058) in verbal outburst and, after 4 and 6weeks (¥ < 0.05) in agitation scores,
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an atypical antipsychotic agent, and is better tolerated than
haloperidol (Onrust and McClellan, 2001; de Paulis, 2002). In
particular, EPS tended to occur less often and were generally
milder with PER than with haloperidol (Murasaki ct al., 1997)
or mosapramine (Kudo ¢t al., 1997). Ichikawa et al. (2001)
pointed out that 5-HT1A agonists reduce neuroleptic adverse
effects such as EPS. Moreover, some studies reported that PER
therapy improved psychotic symptoms with few side effects
(Kudo ct al., 1997; Murasaki et al., 1997: Masui et al., 2003) in
elderly (more than 60 years of age) patients with schizophrenia.
The results of this study suggest that PER is well tolerated also
in elderly demented patients.

It is noteworthy that low-dose PER exerted its effects
immediately, as shown by the reduction in the BEHAVE-AD
aggression score. The scores for verbal outbursts and agitation
were reduced within 4 or 6weeks after the initiation of
treatment.

De Deyn et al. (1999) pointed out that risperidone may have
a direct effect on aggression In treating dementia-related
behavioral problems. They explained that the antipsychotic
effects of risperidone caused by serotonin-dopamine blockade
improved behavioral disturbances in demented patients.
Furthermore, PER is not only a serotonin-dopamine antagonist
but also a serotonin 5-HT1A partial agonist. A growing body of
evidence suggests that there is a correlation between decreased
cerebrospinal fluid serotonin levels and aggressive behavior
(Lai et al., 2002: Linnoila et al., 1983: Mintzer, 2001 Stanislav

et al,, 1994). Lai et al. (2002) reported that 5-HT1A receptor _

density in the brains of Alzheimer's disease patients correlated
negatively with the maladaptive behavior of aggression. There
are numerous reports that buspirone, a serotonin 5-HT1A partial
agonist, inhibits aggression and agitation in demented patients
(Cantillon et al., 1996; Hermann and Eryavec, 1993: Sakauye et
al., 1993). Cantillon et al. (1996) conducted a double-blind trial
of buspirone (15mg/day) and haloperidol (1.5mg/day). They
reported that the tension subscale scores of the Brief Psychiatric
Rating Scale in patients receiving buspirone were more
significantly reduced than those in patients receiving haloper-
idol. They concluded that some behavioral symploms, espe-
cially agitation, observed in demented patients may be linked to
a serotonergic system and be well managed with the SHT-TA
partial agonist buspirone. However, randomized placebo-
controlled trials are required to determine the efficacy of
buspirone on agitation and aggressive behavour in demented
patients.

Taking the cumulative results together, it can be assumed that
PER, acting as a serotonin-dopamine antagonist as well as
serotonin S-HT1A partial agonist, is effective and safe in the
management of aggression and agitation in demented patients
due to its unique pharmacologic properties.

In April 2005, The T'ood and Drug Administration (2005)
issued a warning that the use of atypical antipsychotic
medications in elderly patients with dementia may be
associated with an increased mortality, while Liperoti et al.
(2005) suggested that there was no increased risk for
arthythmias or cardiac arrest with the use of atypical
antipsychotics in a case-control study. Therefore, belore the

start of pharmacotherapy with atypical antipsychotics for
elderly patients with dementia, it is inevitable to carefully
judge the necessity of the pharamacotherapy in consideration
of the balance between benefits and risks associated with the
therapy, and to carefully monitor the occurrence of adverse
effects during the therapy.

There were some limitations in this study. First, it was an
open-label study and not a double-blind study with a placebo.
Thus, our findings cannot be generalized to all demented
patienls with agilation and aggressive behavior. Second, the
number of patients was small and included those with both AD
and VD. However, De Deyn et al. (1999) reported that there
were no differences among diagnostic groups in the results of
risperidone treatment for aggressive behavior. When we divided
our patients into the AD and VD groups and analyzed each
subgroup, the results demonstrated that aggression and agitation
were significantly reduced only in AD patients, while VD
patients failed to show a significant difference in those scores.
This result may be attributable to the small number of patients.
To confirm the efficacy of PER in treating aggression and

_agitation In demented patients, these limitations must be

addressed in future studies.
6. Conclusion

Although this was a preliminary, open study, it appears that
the serotonin-dopamine antagonist PER may be effective in
controlling the aggressive and agitated behavior associated with
dementia and be well tolerated. More patients must be analyzed
in a randomized, placebo-controlled trial of the efficacy of PER
for the treatment of aggression and behavioral disturbances
associated with dementias.
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Objective: To examine the relationship between antisocial behaviors
and reduction of regional cerebral blood flow (rCBF) in patients with
frontotemporal dementia (FTD).

Methods: Brain perfusion single photon emission computed
tomography (SPECT) was performed in 22 patients with FTD and
76 age-matched healthy volunteers. The statistical analysis was
conducted using the SPM99 software. The antisocial behavioral
symptoms were assessed independently by three geriatric psychiatrists,
who had not been given the information of the SPECT images.

Results: Compared with normal controls, FTD patients showed
significant reduction of rCBF in the widespread frontal cortical areas.
The correlation analysis showed that antisocial behavioral symptoms
are associated with reduction of rCBF in the orbitofrontal cortex.

Conclusion: The functional decline of orbitofrontal cortex is related
to antisocial behavioral symptems in patients with FTD.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Frontotempotal dementia; Antisocial behaviors; SPECT;
Regional cerebral blood flow

Introduction

Frontotemporal lobar degeneration (FTLD) is composed of a
spectrum of dementing disorders with degeneration of the frontal
lobes, the anterior temporal lobes, or the both (Neary et al., 1998).
Frontotemporal dementia (FTD) is the main FTLD syndrome and
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manifests as prominent personality and behavioral disturbances.
Behavioral symptoms such as antisocial behaviors are observed in
patients with FTD, and presence of them often makes it difficult to
care for such patients. Moreover, such symptoms will prompt their
institutionalization. Development of appropriatc management
methods for the behavioral symptoms may lessen the care-giving
burden and lead to postponement of institutionalization. Evaluation
of antisocial behavioral symptoms in FTD patients must be the
basis for such development.

Systematic functional neuroimaging studies using single photon
emission computed tomography (SPECT) or positron computed
tomography (PET) have demonstrated that patients with FTD show
hypoperfusion of anterior cerebral cortex with relative sparing of
posterior cortex (Ishii et al., 1998; Miller and Gearhart, 1999;
Charpentier et al., 2000; Hodges, 2001; Lojkowska et al., 2002).
These evidences have become useful to make clinical diagnosis of
FTD. However, systemic studies examining the association
between antisocial behavior and regional cerebral blood flow
(rCBF) in patients with FTD are few and mostly based on visual
inspection (Mychack et al., 2001) using the region of interest (ROI)
method. Although this approach has been popular, accuracy
depends on the observer’s experience and working-hypothesis,
thus such evaluation is apt to lack morphological accuracy of brain
regions and leaves large areas of the brain unexplored. An
alternative method is voxel-by-voxel analysis of stereotactic space,
which adopts the principle of data-driven analysis and can avoid
subjectivity. Such an approach is well established in the field of
functional neuroimaging analysis; a software package known as
statistical parametric mapping (SPM), that not only spatially
normalizes PET or SPECT images to a standardized stereotactic
space but also statistically analyzes group of images, has been
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developed (Frackowiack et al., 1997). The objective of this study is
to evaluate the relationship between antisocial behavior and rCBF
abnormalities in FTD patients by application of SPM to brain
perfusion SPECT images.

Materials and methods
Subjects

Twenty-two consccutive patients (14 men, 8 women; age range,
5874 years; mean age, 62.9 years) newly referred to the memory
disorder clinic of the National Center Hospital for Mental,
Nervous, and Muscular Disorders, National Center of Neurology
and Psychiatry, Tokyo, Japan, between 1994 and 2003, were
enrolled. The mean age at onset was 57.5 years (range, 4768
years). The clinical diagnosis of FTD was based on the Lund and
Manchester criteria and the more recent consensus criteria (Neary
et al., 1998) after detailed examination, including magnetic
resonance imaging (MRI), SPECT, and neuropsychological exam-
ination. The clinical criteria of FTD are reported to have high
diagnostic specificities (Rosen et al., 2002). The neuropsycholog-
ical battery consisted of tests that have been shown to be useful in
the differential diagnosis of FTD and other dementia. The
following tests were employed: Mini Mental State Examination
(MMSE) (Folstein et al., 1975), Revised Version of Hasegawa’s
Dementia Scale (HDS-R) (Imai and Hasegawa, 1999), Raven’s
Colored Progressive Matrices (RCPM) (Hodges, 1993), Digit Span
Task, learning of a list of 10 words and Story Recall (Hodges,
1993), Ray-Osterrieth Complex Figure Test (Hodges, 1993),
Stroop Test, and Trail Making Test (Anne and Stephan, 1969).
All tests were performed and scored according to the standard
protocols. The demographic characteristics of the patients includ-
ing age, sex, MMSE, and HDS-R at the time of the first evaluation
are listed in Table 1.

Seventy-six normal healthy volunteers (37 men, 39 women; age
range, 67—87 years; mean age + SD, 71.0 + 7.1 years) were also
studied. They had no neurologic or psychiatric disorders, including
alcoholism, substance abuse, atypical headache, head trauma with
loss of consciousness, and asymptomatic cerebral infarction
detected by T2-weighted MRI. They did not significantly differ
in age, sex, or education from the FTD patients.

SPECT image data of the normal healthy volunteers in the
present study have previously been reported (Imabayashi et al.,
2004).

Written informed consent was obtained from all the participants
or their family according to the Declaration of Helsinki. The study
was approved by the Ethical Committee of the National Center of
Neurology and Psychiatry.

Assessment of antisocial behaviors

Semi-structured interviews with the family members were
conducted to obtain information regarding the behaviors of
interest. For the interview, we used the modified version of
Neuropsychiatric Inventory (NPI) (Cummings et al., 1994). By
applying the method of NPI, which assesses the Behavioral and
Psychological Symptoms of Dementia (BPSD) in patients basically
with Alzheimer’s disease, the antisocial behaviors were evaluated
as follows. The frequency and severity were respectively graded
for the 5 behavioral symptoms based on the study by Miller et al.

Table 1
Demographic variables of FTD patients
n 22
Age (year) 62.9 (5.9) Range: 52-74
Sex (M/F) 14/8
Duration of illness (years) 4.1 (1.8) Range: 2-9
Mini mental state examination  14.8 (7.7) Range: 026
(MMSE)
Hasegawa’s dementia scale 13.8 (7.1) Range: 0-24
revised (HDS-R)
Raven’s colored progressive 22 (8.7) Range: 5-33
matrices (RCPM)
Digit span
Forward 4.6 (1.0) Range: 37
Backward 2.3 (1.5) Range: 0-4
Word learning (10 words)
Immediate recall 1.6 (1.6) Range: 0-4
Delayed recall (30 min) 1.1 (1.7 Range: 0-4
Story recall (15 elements)
Immediate recall 23 (24) Range: 0-7.5
Delayed recall (30 min) 0.2 (0.6) Range: 0-2
Ray-Osterrieth complex
figure test
Copy 27.5 (11.0) Range: 5.5-36
Immediate recall 4.9 (6.9) Range: 023
Delayed recall (30 min) 3.6 (7.1) Range: 0-24
Stroop test
Dot 58 (sec) (44.5) Range: 19-132
(sec)
Word 120.7 (sec) (82.2) Range: 27— 165
(sec)
Word-dot 63.1 (sec) (47.4) Range: 38-134
(sec)
Trail making
Set A 335.6 (sec) (130.2)  Range: 255-621
(sec)

Note. Values are expressed as mean and (standard deviation). M = male, F =
female, n = size, sec = second.

(1997): (1) stealing, (2) traffic accident (e.g. hit and run), (3)
physical assault, (4) sexual comments/advances, and (5) public
urination. The frequency was assessed on the basis of the
observation during the previous 2 months (1 = once in 2 months,
2 = once per month, 3 = 2 or 3 times per month, 4 = once or more
every week). The severity was assessed according to the degree of
patient’s awareness of his or her own antisocial behaviors (0 = full
awareness, | = moderate awareness, 2 = mild awareness, 3 = no
awareness). The NPI assesses BPSD on the basis of both frequency
and severity; BPSD scores are obtained by multiplying the severity
and the frequency scores. Therefore, the frequency and the severity
scores were multiplied for each behavior, respectively, and then
summed (maximum score = 60) to be used as covariate factor for
SPM analysis in this study.

These antisocial behaviors were assessed independently by
three geriatric psychiatrists (TA, SH, NK), who had not been given
the information of the SPECT images. Whenever the scores were
different among the psychiatrists, the mean score of the three
psychiatrists was employed.

Brain SPECT procedure

Each subjects received an intravenous injection of 600 MBq of
™. ECD while lying supine with eyes closed in a dimly lit, quiet





