and a fourth partition comprising skull, fat, muscle and voxels which
have a high degree of partial voluming and thus cannot be included in
one of the other three groups. The image sets were smoothed with an
isotropic Gaussian filter (12 mm FWHM), and individual global
counts were normalised by proportional scaling to a mean value of
5.0

Determination of regional metabolic reduction and grey matter loss
ROI maps in AD

First, normalised PET and grey matter MRI data sets of 30 healthy
volunteers in the first group and the mild AD group were compared
on a voxel-by-voxel basis using a two-sample ¢ test in SPM99.
Significance was accepted if the voxels survived a corrected
threshold of p<0.01. Then we defined ROI maps for PET and
segmented MRI obtained from the comparison of the mild AD group
and the first healthy group.

Next, prediction of AD was evaluated in very mild AD patients
and the other 30 healthy volunteers in the second group using free
software, the easy Z score Imaging System (eZIS) (Daiichi
Radioisotope Laboratory, Tokyo, Japan); the concept of eZIS is the
same as the concept of the system described in a previous study [21].
Z scores were calculated for each PET and segmented MR image in
the very mild AD patients and the second group of healthy volunteers
by comparison with the mean and SD of PET and segmented MR
images in the first group of healthy volunteers. Z score was calculated
as: Z score=[(normal mean)~(individual value)}/(normal SD).

We performed a receiver operating characteristic (ROC) analysis
with maximum Z scores in the ROIs. The maximum Z score was
automatically extracted from all of the Z scores of the ROI maps in
the very mild AD group and the second healthy group using
additional software implemented on MATLAB (Mathworks Inc.,
MA, USA). ROC analysis was performed using the maximum Z
score and ROCKIT software 0.9B (Dr. Metz, Department of
Radiology, The University of Chicago, IL, USA). The areas under
the curves and accuracy were calculated. Additionally, combined
(summed) maximum Z scores of individual PET and segmented MR
images in the very mild AD group and the second group of healthy
volunteers were calculated and ROC analysis was performed.

803

Resulis
ROI maps

In the FDG-PET study, metabolic reduction was demon-
strated in the bilateral posterior cingulate gyri and the right
parietotemnporal area in the mild AD group as compared
with the first healthy control group (p<0.01, corrected)
(Fig. 1, Table 1).

In the MRI-VBM study, the grey matter density of the
amygdala and hippocampal complex and the bilateral
temporal and frontal gyri in the mild AD group was
significantly lower than that in the first healthy control
group (p<0.01, corrected) (Fig. 2, Table 2).

Based on these results, ROI maps for PET and MRI
were produced (Fig. 3).

ROC analysis and the diagnostic value 0fvery mild AD
with FDG-PET and VBM-MRI

Figure 4 shows the ROC curves for FDG-PET, VBM-MRI
and the combination of FDG-PET and VBM-MRI. The
accuracy of FDG-PET diagnosis was 88.5%, and that of
VBM-MRI, 82.9%. The area under the ROC curve for
FDG-PET was 0.953 and that for VBM-MRI, 0.910.

The area under the ROC curve and the diagnostic
accuracy of FDG-PET were higher than those of VBM-
MRI; however, there was no significant difference in the
partial area index for ROC curves between FDG-PET and
VBM-MRI (p=0.435). The area under the ROC curve and
the diagnostic accuracy of the combination of FDG-PET
and VBM-MRI were 0.985 and 93.5%.

Representative cases

Figure 5 shows the Z score maps of a 67-year-old female
with very mild AD. The FDG-PET Z score map

3
o e L ]

Fig. 1. Statistical parametric mapping (SPM) projections showing areas with significantly reduced glucose metabolism (p<0.01, corrected)
in a comparison of 30 patients with mild AD and 30 normal control subjects (first group)
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Table 1. Peak location of significant metabolic reduction in the mild
AD group as compared with the NC group (p<0.01, corrected)

t value X y z
Cingulate gyrus 6.74 0 —33 33
Rt. angular gyrus 6.08 57 =57 34
Lt. precuneus 525 -36 —68 42
Rt. inferior temporal gyrus 524 65 38 -—18
Lt. inferior temporal gyrus 5.20 -63 —-40  ~—18
Lt. middle temporal gyrus 5.10 —67 =32 —-10

Coordinates are in millimetres, relative to the anterior commissure,
corresponding to the atlas of Talairach and Tournoux

x, distance (mm) to right (—) or left (+) of the midsagittal line; y,
distance anterior (+) or posterior (~) to vertical plane through the
anterior commissure; z, distance above (+) or below (—) the
intercommissural line

demonstrates significant metabolic reduction in the bilat-
eral posterior cingulate gyri, parietal association cortices
and frontal association cortices. The maximum Z score of
the ROI was 4.01. The VBM-MRI Z score map shows
significant grey matter loss in the bilateral medial and
lateral temporal lobes and a mild decrease in the left
occipital lobe. The maximum Z score of the ROI was 4.08.
Figure 6 shows Z score maps of a 72-year-old female
healthy volunteer. There is no significant metabolic
reduction or grey matter loss, though frontal base metab-
olism and temporal grey matter are slightly decreased.

Discussion

We performed FDG-PET and MRI in the same individual
subjects with very mild AD and compared the diagnostic
accuracy of the two modalities using ROC analysis. The
application of SPM and VBM to the atrophied brain and
diagnosis is still controversial [22, 23]. However, we
employed a combination of structural images and statistical
Z score images to obtain a clinical diagnosis of mild AD.

For practical clinical purposes, such a combination allows
accurate diagnosis of AD [12]. Though there is no perfect
way to evaluate and compare directly the diagnostic
accuracy of FDG-PET and MRI, we consider that ours is
an objective method for this purpose. This type of study
design should be tested in assessing diagnostic perfor-
mance in future studies.

The medial temporal area is pathologically affected
even in the early stages of AD. Using MRI, medial
temporal volume loss has been shown in previous reports
[24-30], and the present study substantiated this finding in
mild AD patients. Even in subjects with mild cognitive
impairment, the VBM method has been found to
demonstrate a significant reduction in grey matter density
[31]. As regards medial temporal glucose metabolism, the
value of estimating hippocampal metabolism has not been
recognised although recently Mosconi et al. reported
reduced hippocampal metabolism in patients with mild
cognitive impairment and AD using their new automated
analysis technique [32]. Our study did not demonstrate
hippocampal glucose hypometabolism in early AD, in
agreement with previous reports [5, 33]. We assume this
was due to the use of a voxel-based comparison technique,
as Mosconi et al. also failed to demonstrate hippocampal
hypometabolism when they used a voxel-based compari-
son technique. The utility of demonstrating hippocampal
hypometabolism in early AD should be re-examined if the
technique of Mosconi et al. becomes available in other
institutes.

Reduced metabolism and perfusion in the posterior
cingulate gyrus in AD have been well recognised by
previous studies using PET [34, 35] and SPECT [36]. Our
study verified this pathophysiology in mild AD patients.
There are also well-documented strong reciprocal connec-
tions between the hippocampus and the temporoparietal
association cortex, showing that neuronal damage in the
hippocampus, which occurs at an early stage of AD, may
impair the synaptic function in the associated neocortex.
However, histopathological involvement of the posterior
cingulate gyrus in AD is not as severe as involvement of
the medial temporal lobes at a mild stage of the disease.

il'li”rf B o
1

Fig. 2. SPM projections showing areas with significantly reduced
grey matter density (p<0.01, corrected) in the comparison of mild
AD patients and normal control subjects (first group). Grey matter
density in the bilateral medial temporal lobe, including the

amygdala, hippocampus and parahippocampal gyrus, in the mild
AD group was significantly lower than that in the normal control

group
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Table 2. Peak location of significant reduction in cortical density in the mild AD group compared with the NC group (p< 0.01, corrected)

- tvalue X y z
Rt. parahippocampal gyrus 8.88 26 -6 -13
Lt. anterior cingulate 7.67 -2 17 -9
Lt. middle temporal gyrus 6.80 —63 -22 -9
Lt. hippocampus 6.54 —26 ~35 0
Lt. middle frontal gyrus 6.43 —44 17 30
Lt. insula 6.04 -38 8 1
Lt. middle frontal gyrus 5.93 =40 49 5
Lt. middle frontal gyrus 5.89 —26 29 41
Rt. middle frontal gyrus 5.75 42 52 -1
Lt. middle temporal gyrus 5.67 =55 -32 -14
Lt. superior temporal gyrus 5.67 —48 3 ~14
Rt. cingulate gyrus 5.52 8 19 30
Rt. middle temporal gyrus 5.50 65 =26 -12
Lt. superior temporal gyrus 5.50 —46 14 -26

Coordinates are in millimetres, relative to the anterior commissure, corresponding to the atlas of Talairach and Tournoux
x, distance (mm) to right (—) or left (+) of the midsagittal line; y, distance anterior (+) or posterior (—) to vertical plane through the anterior
commissure; z, distance above (+) or below (—) the intercommissural line

This neuronal connection from the pathologically affected
medial temporal structures may explain the metabolic
reduction in the posterior cingulate gyrus, especially at an
early stage of AD. Even if the synaptic dysfunction in the
posterior cingulate gyrus is based on the secondary
pathological effect in medial temporal structures, our
results suggest that FDG-PET is more reliable than MRI
in diagnosing very early AD. This may be due to the
anatomical variance in normal subjects, which increases
the standard deviation of grey matter distribution and
decreases the accuracy of MRI in discriminating AD from
normal findings.

Our study also verified previous findings that the
application of Z score maps by voxel-based comparison
with a normal data set improves diagnostic accuracy [21,
33]. Kanetaka et al. [37] used the same data analysis
technique as was employed in the present study to assess
the accuracy of ECD-SPECT for the diagnosis of very mild
AD. Their subjects were 61 patients with very mild AD
(mean age 70.6 years, mean MMSE score 26.0), and the
authors showed an accuracy of 83.9%, with the area under
the ROC curve measuring 0.906. Although direct compar-
ison of their stady and our own is not possible, we
hypothesise that FDG-PET offers a better diagnostic
performance for very mild AD.

Although FDG-PET has a higher accuracy for the
clinical diagnosis of AD, MRI remains a necessary tool to

exclude other conditions such as infarction and subdural
haematoma. If three-dimensional MRI techniques like
SPGR imaging are used, the images can be analysed with
VBM, and Z score images can be produced. As shown in
our study, the diagnostic performance of MRI demonstrat-
ed as a Z score map can improve accuracy, and routine
clinical three-dimensional MRI may be the first choice for
the diagnosis of mild AD. The diagnostic performance of
MRI was nearly as good as that of FDG-PET when a VBM-
MRI Z score map was produced. However, it must not be
forgotten that the value of FDG-PET in the management of
AD patients extends beyond diagnosis, e.g. it offers
information on the cortical metabolic status and permits
differential diagnosis of other degenerative dementias [38,
39]. FDG-PET documents not only parietotemporal and
posterior cingulate metabolic impairment but also meta-
bolic impairment in frontal or other regions that manifests
as depression or other disorders [40—42]. Clinically,
FDG-PET is recommended for early intervention with
medication for AD. Further studies focussing on the cost-
effectiveness of FDG-PET are needed to evaluate its role in
the diagnosis of very early AD.

In conclusion, we demonstrated high accuracy of both
FDG-PET and VBM-MRI with Z score mapping in
diagnosing the very early stages of AD and showed that
FDG-PET has a relatively higher accuracy than MRIL
However, as the additional evaluation showed, combina-
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Fig. 3. ROI maps for PET (a)
and MRI (b) which were ob-
tained from the analysis in
the mild AD group and the
first normal group

a
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Fig. 3. (continued)
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Fig. 4. ROC curves for PET and MRI diagnostic performances. The
area under the ROC curve for PET (4,=0.953) was slightly larger
than that for MRI (4,=0.910). The area under the ROC curve for the
combination of PET and MRI was the largest (4,=0.985). True-
positive fraction=sensitivity; false-positive fraction=1-specificity

tion of the two techniques improved the diagnostic
performance. When using only one method, FDG-PET is
better than VBM-MRI for detecting very mild AD, but

Z score

Fig. 5. Z score maps of a 67-year-old female with very mild AD
(MMSE score=26). a Z score map of FDG-PET. b Z score map of
VBM-MRI

I t-medial

. Rt-iﬁpdial .

~ transaxial

Z score

~ transaxial

Zscore O

Fig. 6. Z score map of one healthy volunteer (72-year-old female).
a Z score map of FDG-PET. The maximum Z score of the ROI was
0.60. b Z score map of VBM-MRI. The maximum Z score of the
ROI was 2.48. There is no significant metabolic reduction and no
area with a significant decrease in grey matter density

when both methods are available, a combination of FDG-
PET and MRI-VBM should be performed.
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Objective: To examine the relationship between antisocial behaviors
and reduction of regional cerebral bleod 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 symptoms 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 appropriate 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 consecutive patients (14 men, 8 women; age range,
58-74 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, 47-68
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, [969).
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 nommal 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 (ycar) 62.9 (5.9) Range: 52-74

Sex (M/F) 14/8

Duration of illncss (ycars) 4.1 (1.8) Range: 2-9

Mini mental state examination  14.8 (7.7) Range: 0-26
(MMSE)

Hascgawa’s dementia scale 13.8 (7.1) Range: 024
revised (HDS-R)

Raven’s colored progressive 22 8.7) Range: 5-33
matrices (RCPM)

Digit span
Forward 4.6 (1.0) Range: 3-7
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 2324 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 (scc) (44.5) Range: 19-132
(sec)

Word 120.7 (scc) (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

(scc)

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, 1 = 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
99™Te-ECD while lying supine with eyes closed in a dimly lit, quiet
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Table 2

Scores of antisocial behavior

Behavior Scores of antisocial behavior n
Mean (SD; range)

Stealing 6.38 (3.42; 0-12) 8/22

Traffic accident 3.46 (3.46; 0-12) 4/22

Physical assauit 4,50 (4.34; 0-12) 8/22

Sexual comments/advances 7.67 (2.31; 0-9) 3/22

Public urination 3.67 (1.86; 0-6) 6/22

Total 9.67 (6.82; 0-25) 18/22

n = number of subjects who showed the behavior. n for total means of
subjects who showed at least one of the behavior.

room. Ten minutes after injection, brain SPECT was performed
using a triple-headed gamma camera (MULTISPECT 3; Siemens,
Hoffman Estates, IL) equipped with high-resolution fanbeam
collimators. For each scan, projection data were obtained in
128 x 128 matrix, and camera was rotated through 120° with 24
steps of 50 s per step. SPECT images were reconstructed using a
Shepp and Logan Hanning filter at 0.7 cycles per centimeter.
Attenuation correction was performed using Chang’s method.

Image analysis

Voxel-based analysis of SPECT data was performed using
Statistical Parametric Mapping 99 (SPM99) (Wellcome Depart-
ment of Cognitive Neurology, London, U.K.) run on MATLAB
(The MathWorks, Inc., Sherbon, MA). The images were spatially
normalized to an original template for ™ Tc-ECD using SPM99
(Ohnishi et al., 2000). Images were then smoothed with a gaussian
kernel of 12 mm in full width half maximum (FWHM). The
washout correction for **™Tc-ECD was not applied, because brain
SPECT was started at 10 min after injection.

Statistical analysis of SPECT data

The processed images were analyzed using SPM99 as
described by Olmishi et al. (2000). The effect of global
differences in CBF among scans was removed by proportional
scaling with the gray matter threshold at 0.5. The subject and the
covariate effects were estimated with a general linear model at
each voxel. To test hypotheses about regional population effects,
the estimates were compared using linear compounds or
contrasts. The resulting sets of ¢ values constituted statistical
parametric maps (SPM{z}). The SPM{¢} were transformed to
unit normal distribution (SPM{Z}) and thresholded at P < 0.005.
To correct for the multiple non-independent comparisons that
were inherent in this analysis, the resulting foci were character-
ized for their spatial extent. This characterization, regarding
probability, is to assess whether the region of the observed
number of voxels could have occurred by chance over the entire
volume analyzed.

Correlation analysis was performed to study the relationship
between rCBF changes and antisocial behavioral profiles. The
correlations between the scores of antisocial behaviors and CBF,
MMSE scores and CBF, and the duration of illness and CBF were
respectively computed on a pixel-by-pixel basis by covariance
analysis. Gender and age were treated as nuisance variables.
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Statistical analysis of antisocial behavioral symptoms

Statistical data analysis of antisocial behavioral symptoms in
FTD patients was performed using the R software (The R
Foundation for Statistical Computing, Vienna, Austria).

Results
Antisocial behavioral symptoms in FTD patients

Fighteen of the 22 FTD patients had a history of antisocial
behavior. The mean score of the antisocial behavior was 9.67 £
6.82 (range, 0—25). The mean value of Cohen’s k coefficient of all
the items for inter-rater was 0.82 (range, 0.67-0.91), which
appears to be satisfactory. Table 2 shows the subscale score of the 5
antisocial behaviors of the patients.

Changes in rCBF in FTD patients

Decreases of rCBF in the FTD patients compared with the
normal healthy volunteers were identified in the superior, the
middle, and the inferior frontal gyrus. In addition, there were
reductions of rCBF in the subcortical structures, particularly the
caudate nuclei and the thalami (Fig. 1).

As a result of the correlation analysis, a positive correlation was
observed between the scores of antisocial behavioral symptoms

Fig. 1. Result of SPM analysis (normal healthy voluntecrs vs. FTD
patients). The colored areas show the regions with lower perfusion in the
FTD patients compared with the normal healthy volunteers (P < 0.005,
uncorrected for multiple comparisons). View from medial right (A), medial
left (B), posterior (C), anterior (D), right lateral (E), left latcral (F), inferior
(G), and superior (H). Rt = right, Lt = left.
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Fig. 2. Result of SPM analysis: the arcas of regional cercbral blood flow
that correlated with the score of antisocial behaviors in patients with FTD.
Representation in stereotaxic space of cerebral regions that correlated
positively with the score of antisocial behaviors (P < 0.005, uncorrected
for multiple comparisons), displayed on 3D-surface anatomical template.
View from medial right (A), medial left (B), posterior (C), anterior (D),
right lateral (E), left lateral (F), inferior (G), and superior (H). Rt = right,
Lt = left.

and the rCBF in partial areas of the orbitofrontal cortex (Fig. 2): the
bilateral inferior frontal gyri (Broadmann area, BA 47), the left
anterior cingulated gyrus (BA 32), the right caudate nucleus, and
the left insula (BA 13). The results were similar even when the
scores were independently analyzed for the severity scores and the
frequency scores. We searched for a negative correlation between
rCBF and the scores of antisocial behavioral symptoms, but no
significant finding was found in any of the regions.

On the other hand, the MMSE scores positively correlated with
rCBF in the bilateral posterior cingulate gyri (BA 31), the right
parahippocampal gyrus (BA 30), and the right insula (BA 13)
(Fig. 3). Furthermore, a correlation between the duration of illness
and tCBF was observed in the right middle frontal gyrus (BA 47)
and the bilateral inferior frontal gyri (BA 46, 47), as well as the
left superior temporal gyrus (BA 22), the middle temporal gyrus
(BA 21), and the parahippocampal gyrus (BA 27) (Fig. 4). The
two analyses have resulted to have BA 47, which constitutes the
orbitofrontal cortex, in common.

Discussion

FTD is the third most common neurodegenerative dementia
syndrome after Alzheimer’s disease and dementia with Lewy
bodies. Although criteria for clinical diagnosis of FTD, such as the
Lund and Manchester criteria and the more recent consensus
criteria (Neary et al., 1998), have high sensitivities and specificities
for diagnosing FTD (Lopez et al., 1999), clinicians frequently fail
to recognize FTD or misdiagnose it as Alzheimer’s disease, manic-
depressive illness, schizophrenia, depression, hypochondriasis,
obsessive—compulsive disorder, or sociopathy (Litvan et al.,
1997; McKhann et al,, 2001). The core diagnostic features of
FTD are early loss of personal and social awareness, early loss of
insight, early decline in social interpersonal conduct, impaired
regulation of personal conduct, and emotional blunting. Thus, the
most common and early symptom of FTD can be summarized as a
decline in social interpersonal conduct (Neary et al., 1998).

Fig. 3. Result of SPM analysis: the arcas of regional cerebral blood flow that corrclated with the score of MMSE in patients with FTD, Representation in
stereotaxic space of cerebral regions that correlated positively with the score of MMSE (P < 0.005, uncorrected for multiple comparisons), displayed on 3D-
surface anatomical template. View from medial right (A), medial left (B), posterior (C), anterior (D), right lateral (E), left lateral (F), inferior (G), and superior

(H). Rt = right, Lt = left.
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Fig. 4. Result of SPM analysis: the areas of regional cerebral blood flow that correlated with the duration of illness in patients with FTD. Representation in
stercotaxic space of cercbral regions that correlated positively with the score of the duration of illness (P < 0.005, uncorrected for multiple comparisons),
displayed on 3D-surface anatomical template. View from medial right (A), medial left (B), posterior (C), anterior (D), right lateral (E), left lateral (F), inferior

(G), and superior (H). Rt = right, Lt = lcft.

Antisocial behavior, from Pick’s case report (Pick, 1892), has
been reported in association with FTD for decades (Gu~stafson,
1987; Lindau et al., 2000; Hokoishi et al., 2001; Hodges, 2001).
They include stealing, traffic accident, physical assault, sexual
comments/advances, public urination, and so on. In fact, 18 of 22
(82%) FTD patients of the present study showed such behaviors.
This figure is similar with the results reported in the previous
studies (Miller et al., 1997).

Although a variety of scales to rate the Behavioral and
Psychological Symptoms of Dementia (BPSD) observed in
patients with AD is reported, to our knowledge, no scale is
available for the assessment of BPSD observed in FTD patients.
Thus, we employed the assessment method of the Neuropsychiatric
Inventory (NPI) (Cummings et al., 1994) for AD patients. The NPI
assesses BPSD on the basis of both frequency and severity. The
focused symptoms are derived from the report by Miller et al. on
BPSD of FTD patients.

In the comparison between the FTD patients and the normal
healthy volunteers, a significant reduction of rCBF in the
widespread frontal lobes was observed in the former. No other
region with significantly decreased rCBF was found. The results
seem to be compatible with the neuropathological and functional
changes of the disease and are consistent with the findings of
previous FDG-PET studies (Ishii et al., 1998; Salmon et al., 2003;
Grimmer et al., 2004). Although the diagnosis of the present study
was not confirmed by postmortem examination, the result appears
to support the validity of our diagnosis of FTD, the frontal variants
of FTLD.

Regarding the frontal lobe function, it is well known that
prefrontal cortex dysfunction is linked to social misconduct
(Harlow, 1868; Eslinger, 1999; Bassarath, 2001; Brower and
Price, 2001). Stuss and Benson (1986) have noted that orbito-
frontal pathology would most frequently be associated with
disinhibition, facetiousness, sexual and personal hedonism, and
lack of concern for others. Moreover, a recent PET study
evaluating patients with various frontal lobe pathologies (includ-
ing FTD) (Sarazin et al., 1998) with ROI approach has revealed
that the behavioral abnormalities are associated with metabolic
decline of orbitofrontal cortex. Also, it is now well known that
prefrontal cortex plays a major role in executive function and

working memory (Lezak, 1983). Anterior cingulate gyrus and
cortex are associated with sustained attention (Posner and
Petersen, 1990). Although dysfunction of the orbitofrontal cortex
plays a major role, failure of these cognitive functions may be
functionally involved together and contribute to the development
of the antisocial behaviors.

The highlight of our voxel-by-voxel SPECT study using the
SPM technique is- the finding that the decrement of orbitofrontal
rCBF is associated with antisocial behaviors as well as the duration
of illness in the patients with FTD. MMSE score, on the contrary,
did not correlate with rCBF of the orbitofrontal cortex. A recent
longitudinal study in FTD has shown that the metabolic activity in
the orbitofrontal cortex decreases as the disease progresses
(Grimmer et al., 2004). In this multicenter study, the conjunction
analysis using SPM has demonstrated that the metabolic impair-
ment of orbitofrontal cortex is affected in every FTD patients
(Grimmer et al., 2004). Although this study did not examine the
association between metabolic impairment of orbitofrontal cortex
and antisocial behaviors, it may support the results of the present
study to some extent. Taking these findings together, the
association between antisocial behaviors and rCBF of orbitofrontal
cortex in FTD may appear to be robust.

We must refer to several limitations of the present study. As
described above, we did not pathologically confirm the clinical
diagnosis. However, clinical criteria of FTD are reported to have
high specificities (Rosen et al., 2002). SPM analysis for SPECT
study also has limitations; it can be affected by partial volume
effect (PVE). Matsuda et al. (2002) have established a PVE
correction method for SPECT study and reported its utility. In this
study, however, we did not correct the PVE. In future study,
correlation analysis between antisocial behavior and rCBF using
PVE correction is necessary. We also attempted to clarify the
relationship between the duration of illness and rCBF, but since the
onset of FTD is insidious and its progression is gradual, the
duration of illness remained uncertain (Neary et al., 1998).
Moreover, the number of the subjects was relatively small. Future
studies should overcome these limitations.

In summary, the orbitofrontal dysfunction appears to play a
major role in the emergence of antisocial behaviors in FTD
patients.
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