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et al., 1996), dopamine D, receptors (Kaasinen et al., 2000;
Inoue et al., 2001), and dopamine D, receptors (Suhara
et al., 1991). The results of studies on age-related change of
dopamine synthesis have been less consistent, showing
decreases (Martin et al.,, 1989) as well as no changes with
aging (Eidelberg et al.,, 1993; Sawle et al., 1990; Laakso
et al., 2001) by PET using 6-[’RF]ﬂu0ro-L-DOPA. However,
previous postmortem studies have reported remarkable age-
dependent decreases in the striatal activity of dopa
decarboxylase (Lloyd and Hornykiewicz, 1972; Kish et al.,
1995). Our study with L-[p-'"C]DOPA showed that
dopamine synthesis not only in the striatum but also in
extrastriatal regions of the living human brain decreased
with the normal aging process. 3-O-Methyl-L-DOPA, a
metabolite of L-DOPA, is known to pass the blood—brain
barrier (Wade and Katzman, 1975). In previous PET studies
using 6-['*F]fluoro-L-DOPA, dopamine synthesis was af-
fected by 6-[18F]ﬂuoro-B—O-methyl—L—DOPA in the brain
(Kuwabara et al., 1993; Dhawan et al,, 1996). However,
nevertheless the 6-[1SF]ﬂuoro-3-O-methyl-L-DOPA concen-
trations in the plasma and cerebellum were greater in the
elderly group (Kumakura et al., 2005), the time—activity
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curve of L-[B-'CJDOPA in the occipital, which was used as
the reference region did not change with aging in this study.
It is also known that 3-O-Methylation of 6-fluoro-L-DOPA
takes place rapidly as compared to -DOPA (Torstenson
et al.,, 1999; Melega et al., 1990). The difference between
previous results using 6-['*F]fluoro-L-DOPA and ours using
L-[B-"'CIDOPA may be due to metabolism differences in
plasma and brain between the two ligands.

Neutral amino acids are transported from the blood to
the brain using the same carrier system in a competitive
fashion (Oldendolf, 1971). L-DOPA is also mediated by the
same carrier system. K consists of K, which represents the
influx rate of L-|p-''"CJDOPA across the blood—brain
barrier, and k3, which represents the rate of activity of
AADC to catabolize L-DOPA to dopamine (Patlak and
Blasberg, 1985). L-[p-''C]DOPA is transported in a
competitive fashion with neutral amino acids. But it was
shown that there was no significant decline in neutral
amino acid transport with the carrier system with age
(Koeppe et al., 1990; Ito et al., 1995).

K, values of L-[3-'"C]DOPA were very small (data not
shown), indicating that small PS (capillary permeability-
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Fig. 1. K of L-{[g-"'C]DOPA plotted against age in ROL In the regression equation, Y’ corresponds to X and %’ corresponds to age. DorFro, dorsolateral prefrontal
cortex; Tempo, lateral temporal cortex; Parie, parietal cortex; Mid, midbrain; Med Tem, medial temporal cortex; ACing, anterior cingulate; Thal, thalamus; Cau,

caudate nucleus; Puta, putamen.
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Fig. 1 (continued).

surface area product) values, such as X values of L-[B—“C]
DOPA, are independent of regional cerebral blood flow
(Crone, 1963; Renkin, 1959). With this ligand, graphical
analysis using a reference brain region can be used even if the
cerebral blood flow changes in a brain region as compared to
a reference brain region. Thus, the effect of aging on the K
value of L-[p-'"C]DOPA must represent the aging effect on
dopamine synthesis.

The present study focused on the age-related change in
dopamine synthesis. PET studies concerning the aging effect
of the striatal dopaminergic neurotransmitter system have
shown 6-8% decrease of D, receptor binding potential per
decade of life (Kaasinen et al., 2000), 6.9% decrease of D;
receptor binding in the caudate and 7.4% in the putamen per
decade (Wang et al., 1998), 8.0% decrease of D, receptor
binding in the striatum per decade (Suhara et al., 1991),
7.3% decrease of dopamine transporter in caudate nucleus
and 5.2% in the putamen per decade (Tupala et al., 2003),
and 27% decrease of dopa decarboxylase per 50 years in the
postmortem caudate nucleus (Kish et al., 1995). The same
magnitude of decline of striatal K was observed in the
present study, suggesting a striatal pre- and postsynaptic

dopaminergic neurotransmitter system decrease of about 6%
per decade. PET studies have also shown a 6% decrease of
binding potential of vesicular monoamine transporter, type 2
in the striatum per decade of life (Taylor et al., 2000) and
shown the age-related decline in the capacity for ['*F]
fluorodopamine retention in the striatum (Kumakura et al.,
2005). These results were in good agreement with our sug-
gestion, Our study also showed that the rate of dopamine
synthesis decline was faster in extrastriatal regions than in
the striatum, and especially faster in the dorsolateral
prefrontal cortex as compared to the other regions. This
result is compatible with the studies of D, and D, receptors
(Suhara et al., 1991; Kaasinen et al., 2000). The dorsolateral

Table 3
Associations of age and tissue fraction of gray matter analyzed using Pearson’s
correlation coefficients

Cortex Med Temp ACing
Correlation coefficients -0.777 ~0.331 —0.593
p value 0.000 0.142 0.005

Med Temp, medial temporal cortex; ACing, anterior cingulate.
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prefrontal cortex is the crucial locus for dopaminergic effects
on high-level cognitive functions such as planning, spatial
working memory, attention, measure of abstraction, mental
flexibility, and verbal fluency (Cools et al, 2002). It is
known that the decline in brain dopamine activity con-
tributes to impaired performance of tasks involving the
dorsolateral prefrontal regions (Gotham et al., 1988; Owen
et al., 1992; Volkow et al., 1998). Our study may suggest
that the decline of dopamine synthesis in the dorsolateral
prefrontal cortex could explain the decline of cognitive
performance with aging. Concerning the lack of aging effect
in the midbrain, this region includes the substantia nigra
where dopamine is well synthesized. However, the sub-
stantia nigra itself is too small in volume to allow accurate
quantification of K.

As compared with the aging effects of K, a decline in the
tissue fraction of gray matter was found in the cerebral
cortex. It is known that volume loss during aging occurs in
the cerebral cortex (Taki et al., 2004). Furthermore, areas of
relative preservation of gray matter volume were noted
symmetrically in the lateral thalami, amygdala, hippocampi,
and entorhinal cortex (Good et al., 2001). Our observation is
consistent with these results. The degree of decrease in the
tissue fraction of gray matter in the cerebral cortical region
was smaller than that of the previous report (Taki et al.,
2004). This may be due to the fact that the loss of gray matter
tissue fraction accelerates through the course of life, and
particularly at advanced age, and our subjects were relatively
younger than those of the previous study, in which 16—79-
year-old subjects participated. In the present study, the
decline in cortical K was faster and more diffusely distributed
than ‘that of gray matter volume. This may indicate that the
dopaminergic function decreases faster than morphological
changes.

In this study, we evaluate only in males. Numerous gender-
associated functional, biological differences in the dopamine
systems of the brain have been described (Kaasinen et al.,
2001). Further works concerning sex difference of the
dopamine system using the same method will be necessary.

Conclusion

We confirmed the reproducibility of r-[p-''C]DOPA
quantification. Significant age-related declines of dopamine
synthesis in the striatum and extrastriatal regions were
observed, indicating that the previously demonstrated age-
related decline in the striatal dopamine synthesis extends to
several extrastriatal regions in normal human males. Our results
also showed that the rate of dopamine synthesis decline was the
same magnitude as the loss of dopamine D| and D, receptors
and transporters.
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Abstract

Manual drawing of regions of interest (ROIs) on brain positron emissidi) tomography (PET) images is labour intensive and
subject to intra- and inter-individual variations. In order to stzvu]dai‘aizrcyﬁilalys‘is and improve the reproducibility of PET measures,
we have developed an image analysis software for au;oihated dUaxltiﬁc"atioxl of PET data. The method is based on the
individualization of a set of standard ROIs using a 1naggeﬁé resonance (MR) image co-registered with the PET image. In order to
evaluate the performance of this automated method, thre:'software'-based quantification has been compared with conventional
manual quantification of PET images obtained using three different PET radiotracers: ['"Cl-wAY 100635, [”C]-raclopride and
[''C]-DASB. Our results show that binding potential estimates obtained using the automated method highly correlate with those
obtained by trained raters using manual delineation of ROIs for frontal and temporal cortex, thalamus, and striatum (global
Interclass Correlation Coefficient >0.8). For the three radioligands, the software yields time—activity data that are similar (within
8%) to those obtained by manual quantification, climinates the investigator-dependent variability, considerably shortens the time
required for analysis and thus provides an altema'tive: miethod for accurate quantification of PET data.

© 2006 Elsevier Ireland Ltd. Al rights reserVéd.

Keywords: PET; Time--activity curves; Brain template; Region of interest; Automated method; Binding potential

1. Introduction

Brain images obtained with positron emission
tomography (PET) éanrbé”'ahalyzed by two different
ways: (a) using voxel-based methods or (b) using region-
based methods, the latter method being considered
superior for data quantification (Hammers et al., 2002).

* Corresponding author. Tel: +1 416 535 8501x4215; fax: +1 416
260 4164.
E-mail address: pablo.rusjan@camhpet.ca (P. Rusjan).

The goal of region-based analysis is the averaging of
radioactivity in an anatomic or functional structure,
called region of interest (ROI). Manual techniques for
ROI delineation require highly trained personnel and are
subject to intra- and inter-operator variations, which can
ultimately alter reproducibility of the results. Addition-
ally, the time and labour required for manual delineation
of ROIs have been increased with the advent of high
resolution PET scanners which can produce hundreds of
PET slices. To circumvent these limitations, computer-
aided methods have been developed to facilitate and
improve the reproducibility of delineation of volumes of
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interest (VOIs), i.e. set of ROIs describing the single
target in a volume space.

Since tracer distribution in PET imaging does not
always conform to the simple gray matter/white matter
demarcations, or the lobar divisions made on the basis of
anatomical divisions (e.g. prefrontal vs. motor cortex)
(Evans et al., 1991), direct extraction of ROIs from PET
images does not necessarily reflect the ROI's precise
anatomical space. While computer vision techniques have
been used in some specific situations (Mykkanen et al.,
2000; Ohyama et al., 2000; Glatting et al., 2004), indirect
determination of ROIs from transformation and registra-
tion of atlas-based MR images is the most accepted
method to perform region-based analysis of PET images.

Since the earliest work in 1983 (Bajcsy et al., 1983;
Bohm et al., 1983), we have seen the development of a
number of atlases (Bohm et al., 1991; Greitz et al., 1991;
Mazziotta et al., 1995), non- lmeal image matching tech-
niques (Collins et al., 1995; Thirion, 1998) of one or
more atlases (Hammers et al., 2003) as well as multi-
modal registration techniques (Woods et al., 1998a,b;
Ashburner et al., 1997; Hammers et al., 2002; Studholme
et al., 1999). Several automatic methods have been
presented for delineation of ROIs n MRI images; how-
ever most of them have not presented an accurate valida-

tion to obtain TAC in PET analysis. Two exceptionsare -

the work presented by Yasuno et al. (2002), which we

will discuss in detail in the rest of this work, and the work .

of Svarer et al. (2005) which atiempts to reduce the

individual variability applying a warping algouthm 0.

several segmented brains to estimate probabilistic ROIs
for an individual brain. Yasuno et al. (2002) developed a
technique to fit a standard template,{ of ROIs to an
individual brain image assisted by a high-resolution
reference magnetic resonance (MR) image. This method
utilizes computer vision tec:hniques based on the prob-
abilities of gray matter to refine the transformed ROIs.
The major limitations of this method however, are its
restricted applicability to sub-cortical regions (particu-
larly the striatum); the template of ROIs expressed in a
non-standard brain and the-validation using the area
under the curve (AUC) of the time—activity data which
may be affected by compensations of excesses and
deficiencies of act1v1t1es

In the prebent paper, we address these limitations and
present the validation of a novel automated method for
time—activity curves (TAC) extraction. First, rather than
basing the ROI template on a non-standard space, our
approach uses the Montreal Neurological Institute/In-
ternational Consortium for Brain Mapping (MNI/ICBM)
152 standard brain template, which has the additional
benefit of expanding on the number ROIs in the template

as well as allowing for a more anatomically valid exten-
sion of boundaries pertaining to the respective ROIs.
Second, a proper differentiation of gray matter from
white matter or cerebrospinal fluid (CSF) is crucial for
the accurate delineation of ROIs. This process, also
called segmentation, uses a predetermined level of prob-
ability of gray matter (threshold). Since the previous
method was subject to error particuléﬂy for small ROIs,
we present a solution that is based on afitting function
empirically found. Third, one.of. the key features of an
automated ROI program is the estabhshment of bound-
aries between adjacent ROls. Inthe present ‘approach, we
created a natural definition of boundary by using mul-
tiple iterations of the morphologlcal dilatation that pre-
vents overlap between 11e1ghb01 ROTs. Finally, we
explored the effect of varying the Full-Width at Half-
Maximum (FWHM) of the-Gaussian smoothing filter
and the use of proton density (PD) weighted MR image
to improve the. segmentatlon of the subcortical ROTs.
The aim ofthis work is to present a methodology
mcorporatmg these corrections that is applicable to cor-
tical as well as subcottical structures such as the caudate

E and putamen Our method is validated for its internal
" consistency and reliability versus trained human raters
-using PET radioligands with different patterns of brain

radioactivity uptake: ['cl- WAY 100635, which is main-

" ly uptaken in cortical regions, [ C-raclopride, which is

tnainly uptaken in the striatum subcortical region, and
[M'C]-DASB which is uptaken in both cortical and
subcortical regions.

2. Materials and methods

Fig. | shows a scheme of the method proposed. It
consists of the following steps: (1) A standard brain
template with a set of predefined ROIs is transformed to
match individual high-resolution MR images scan, (2)
the ROIs from the transformed template are refined
based on the gray matter probability of voxels in the
individual MR images, and (3) the individual MR
images are co-registered to the PET images so that the
individual refined ROIs are transformed to the PET
images space. Steps 1 and 3 are executed using the
SPM2 (Wellcome Department of Cognitive Neurology,
London, UK) algorithms of normalization and co-
registration. Different values of cut-off distance and
regularizations (smoothness of the deformation fields)
are used in the non-linear transformation from the stan-
dard brain template to the subject MR images when
SPM defaults do not satisfy visual inspection of the
transformed image. Nearest neighbor interpolation is
used to preserve the codification in the ROIs (described
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Step 1: Transfomation of VOI
template to the MRI space

Step 2: Refinement of
RO! using gray matter

Step 3
Co registration
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Fig. 1. Flow chart showing the 3 main steps involved in Yasuno’s methodology: Step 1: The l{dﬁemplateiu a standard space is transformed to the of
MR image space using a non-lincar transformation. Step 2: The ROIT Template is refined (see Fig, 2)igsing a probability of gray matter image extracted
from the individual MR image. Step 3: The MR image is co-registered to the PET image using Nm‘malized Mutal Information algorithm carrying the

ROI template.

below). The multimodal co-registration between the MR

and the PET images is done using the normalized mutual n )
information algorithm (Studholme et al., 1999) imple-~

mented under SPM2.
The input images are the MR image of the subject

(T1 or PD), the dynamic PET image of the subject, a set .
of ROIs (ROI Template) expressed in a standard brain’

space, and 2 MR image (MRI Template) in‘a standard
brain space. The standard brain template chosen was the
ICBM/MNI 152 PD brain templatqsﬁrf'rxé’()ﬂmd‘ with a
kernel of 8 mm that is included in SPM99 as PD.img
(http://www.mrc-cbu.cam.ac.uk/Imaging/Common/
templates.shtml). This brain volume has‘a bounding box
of —=90:91, —126:91, —72:109 sampled at 2-mm inter-
vals with the origin of the coordinate system in the
anterior commissure and " with the anterior/posterior
commissural line ag a i'efei'en(;gtb define the plane
where z=0 (Talajrach,and Tournoux, 1988).

The ROI template ‘was created to fit the standard
brain image.”The Frontal Cortex, Temporal Cortex,
Cerebellum, Insula, and Thalamus were taken from the
anatomical lab"el_ atlas of Talairach transformed to
standard ICBM/MNI 152 Brain which is included in
WFU toolbox‘(Maldjian et al., 2003) for SPM. Since the
anatomical label atlas of Talairach daemon does not
distinguish between putamen and nucleus pallidus
(referred to as the lentiform nucleus), these two latter
subcortical regions were taken from a segmented MNI
normalized brain developed by Kabani et al. (1998). Tn
the template, each ROI was codified with a unique

‘number and"“an additional file was added to the Mayo
Clinic Analyze 7.5 Format (www.mayo.edu/bir/PDF/
"ANALYZE75.pdf) including data on the codification as
well a8 other parameters used in the refinement process.
_The goal of the present work was to show reliability of
the automated method when compared with manual
delineation of ROIs. However, since manual ROI
delineation is done on a predetermined number of slices
(Bremner et al., 1998), it may not necessarily include all
the anatomical structure under study. In this study we
limited the number of slices in the template to ap-
proximate volumes used by manual raters: cerebellar
ROIs were cropped between slices representing planes
z=—48 and z=-34; Putamen, caudate and insula be-
tween z=—6 and z=12 and frontal, thalamus, and
temporal between z=—6 and z=16 in the Talairach
coordinate system. (Talairach and Tournoux, 1988).
Since currently available methods for non-linear
transformation are inherently imperfect, the transformed
ROIs are refined to reflect individual anatomical var-
iations. This refinement step consists of iteratively ad-
ding neighboring missing voxels of the ROIs and
subsequently removing excess voxels from the ROIs
based on the probability of each voxel to belong to the
gray matter. In order to do that a gray matter probability
map is created with the segmentation algorithm of SPM2
followed by the application of a Gaussian smoothing
filter (FWHM=5mn for ['' C]-WAY 100635 and [''C]-
DASB; FWHM=1mm for [”C]-raclopride). For each
ROI, a histogram of the probability of each voxel to
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Fig, 2. The refinement step: a) Due to the variability in the inter subject ROJs and characteristics of the methods of normalization the template of ROT
is not placed perfectly on the individual brain. b) For each ROI a histogram of vilues of probability of gray matter is built. The typical shape of this
histogram can be fitted by the function shown in Section 2. The maximum of fﬁe,f};t}dtion is derived analytically. A threshold value of probability is
determined as a prefixed fraction of the value which produces ;]1é maximum in the histogram. c) Voxels with probability of gray matter in each ROI
below the threshold are removed from the ROTs. Secondary to this procedure; the ROT clearly follows the contour of gray matter. d) One iteration of a
morphological dilatation is executed. In case of overlap between 2 or more ROIs, overlapped voxels are excluded from all the ROIs. The threshold
value of probability is applied again in order to remove dilated voxels on tissue with low probability of gray matter. This dilatation can be applied

iteratively.

belong to the gray matter is built. This hiStdgmm 1s fitted
with the following function: ' o

S(P) = fo + aexp | (1

where f{P)represents the number of voxels with
probability of gray matter Pwithin the ROIL, and Py, /o,
b and « are the variables to adjust.

The threshold.value of probability of gray matter is
determined as a fraction of the value which maximizes
the fitting function (P,). The magnitude of this value is
multiplied by 0.85 for the thalamus and 0.90 for all other
ROIs. These values are the ones that optimize the results
in the work of Yasuno et al. (2002). Voxels in the ROIs
corresponding to voxels in MR image with a probability
of gray matter lower these thresholds were removed
(Fig. 2a and b).

The next step consists in the expansion of the ROIs
with the goal of including all voxels that satisfy the

threshold of probability and which were excluded in the
preceding non-linear transformation. This process is a
variation of a morphological dilatation (Serra, 1982) with
a kernel (11 1) or its natural extension to 3 dimensions,
performed iteratively and constrained to the probability
of gray matter above of the threshold (Fig. 2c and d). To
prevent overlap of adjacent ROIs during the dilatation
process, the following algorithim was applied: in the event
of multiple ROIs in the structure element of a voxel, the
affected voxel was excluded. The net result of this pro-
cess when applied iteratively is a natural definition of the
boundary of the ROIs. The number of ROIs in the tem-
plate and the extent of gray matter covered by the ROIs
determine the appropriate number of iterations. Results
presented in this study were obtained using 2D dilatation
due to the highly asymmetrical voxel size of our MR
images (0.86x0.86x3mm). A single iteration in the
refinement step was performed due to the large space
between ROIs in the template considered.

The choice of the above parameters was a trade-
off between faithfulness to anatomical detail and
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susceptibility to partial volume effects. A more conser-
vative ROI is generally less susceptible to partial volume
effects and movement during a dynamic scan. Con-
versely, a less conservative approach might incur
significant partial volume effects so that the resulting
AUC ofthe TACs and radioligand binding potential (BP)
are lower.

2.1. The software

The method was automated using a software
developed de novo by one of the authors (PR). The
software runs all the procedures described in the pre-
vious section. It also allows for the saving of a tracking
file with the parameters, algorithms employed, and
results of each procedure. The software was developed in
C++and based on an open source cross-platform graphic
user interface (wxWindows) and OpenGL. SPM2 is
called in batch mode using the API interface of
MATLAB. The software was successfully compiled
with GNU C++ compiler under different versions of
Window and Linux. The hardware requirements are a
video card supporting OpenGL. A copy of the software is

~available on written request to the principal author.

2.2. Subjects and data acquisition

A total of 28 PET scans previously performed.in our
PET facilities with three different radiotracers ‘were re-

used for the purpose of the present study. These scans

were performed in healthy control volunteers and were
part of independent research protocols: The three radio-
tracers, ['' Cl-raclopride, [''C}-DASB and [”'C]-WAY
100635, were chosen based on the different brain distri-
bution of their binding: [ lC‘]~raclov;')ride binding to
dopamine Dj-receptors was analyzed in putamen and
caudate; [''C]-DASB binding to the serotonin transport-
er was analyzed in thalamus and [”C] WAY 100635
binding to serotonin 5 HTl A Teceptors was analyzed in
cortical regions. _

Nine PET scans Wele done after bolus injection of
370MBq of the D2-1ecept01 radlotlacer[ 'C)-raclopride.
Radioactivity in the brain was measured in a series of
sequential acquisitions of increasing duration (from 1 to
51min) for a total duration of 60 min. Ten PET scans were
done after bolus dnjection of 370MBgq of the serotonin
transporter radiotracer [ C]-DASB. Radioactivity in the
brain was measured in a series of sequential acquisitions
of increasing duration (from 1 to 5min) for a total du-
ration of 90min. Nine PET scans were done after bolus
injection of 370MBq of the 5-HT 4 receptor radiotracer
["'C]-WAY 100635. Radioactivity in the brain was

measured in a series of sequential acquisitions of
increasing duration (from 1 to 5 min) for a total duration
of 90 min.

2.3. PET system

Studies were performed on an eight-ring brain PET
camera system Scanditronix GE 2048-15B. The Images
were corrected for attenuation with'a **Ge transmission
scan and were reconstructed using filtered back
projection with a Hanning filter 5mm FWHM. 15 axial
slices images, each 6.5mm thick, were obtained. The
mtrinsic in-plane resolution-of the I'CQQnSthted images
was 4.5mm FWHM. The voxel dimensions were 2, 2,
and 6.5mm in X, y, and z axes, Wxth a resolution of
128x 128 %15,

2.4. MR imagés scflnniz'zg

Each subject underwent magnetic resonance imag-
ing, Spin-echo sequence T1- and proton density-
welghted 1mages were obtained on a General Electric
1ned1cal systern (Signa 1.5-T scanner) with x, y, and z

< voxel dimensions of 0.86, 0.86, and 3.00 mm, respec-
' tlvely, and a matrix of 236 X256 x43,

2 5 Manual delineation of ROls

Each subject’s MR image scan was co-registered to
the PET scan by using Rview8/mpr realignment software
(Studholme et al., 1999).

Regions of interest (ROIs) for the caudate, putamen,
thalamus, occipital cortex, frontal cortex and cerebellum
were drawn by two independent raters on the co-regis-
tered MR images using a commercially available image
analysis software (Alice, Hayden Image Processing
Group, Perceptive Systems Inc., Boulder, CO, USA).
Both raters used the same criteria to delineate ROls: the
gray matter of the cerebellum was drawn on two consec-
utive slices where the middle cerebellar peduncle was
clearly visible, the frontal and temporal cortices were
delineated on three axial MR slices in each hemisphere
where the striatum was clearly visible, and the putamen,
caudate, and thalamus were drawn on two contiguous
slices where each one was clearly visible. Regional
radioactivity was determined for each frame, corrected for
decay, and plotted versus time considering ROIs in each
hemisphere independently. Calculation of regional bind-
ing potential (BP) values was done using the Simplified
Reference Tissue Model (SRTM) (Lammertsma and
Hume, 1996) and the kinetic modeling software PMOD
V2.4 (PMOD Technologies Ltd., Zurich, Switzerland).
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Table 1
Comparison between BPs and TACs obtained with the automated
method and by the two manuals raters in the [''C]-WAY 100635 PET
studies

j=Computer j=Computer j=Rater2

k=Raterl

k=Raterl k=Rater2

Frontul
%BP(j, &)" (mean+S5.D.) 5 (+4) 5&7) 1 (£3)
ICC BP by pairs 0.96 0.92 0.97

Overlap ratio®(£8.D.) 0.42 (£.08) 0.36 (=0.06)
%TAC(K.K)® (mean+S.D.) 7 (1) 5(£2) 2 (+2)
Temporal

2%BP(j, k)" (mean+S5.D.) 07 07 0 (x6)
ICC BP by pairs 0.95 0.93 0.95

Overlap ratio® (nean+S.D.) 0.47 (£.09) 041 (=0.10)

%TAC(, k)" (mean+S.D.) 4 (+4) 2 (£3) 1 (%3)
Cerebellum

Overlap ratio® (incan+S.D.) 0.54(x0.19) 0.59(+0.20}
%TAC(, k)" (mean+S.D.) 3 (£2) 1(£2) 2 (&4)

* BP(,k) is the mean (n=9) percentage difference of binding
potential (BP) values obtained between methods and was calculated as:
100% x (BP,—BP,)/BP, with j and k defined in the header of the
columns.

b Overlap radio, a measure of overlap between RO, and %TAC(, k),

the percentage difference of time—activity data, were calculated as 4

defined in Section 2.6.

Table 2

Comparison between BPs and TACs obtained with the automated -
method and by the two manuals raters in the [“C]-laclopnde PET,

studies E
Jj=Computer j=C6mputer' 7 :Ratcr2
k=Raterl k=Rater2” " k=Rater|

Caudate f' Lo

%BP(, k) (mean+S.D.) 4 (£3)°F FRER) T T(*8)

ICC BP by pairs 094 =082 ™ 0.76

Overlap ratio” (mean£5.D.) 042» (iO 13) 0,48 (+0.15)

%TACG, k)" (mean£S.D.)  —4 (&3) L4 (=5) 2(x4)

Putamen

%BP(},k)" (mean+8.D. ) 1 (£6). -4 (£9) 6 (£4)

ICC BP by palrs To, R 0.86 0 0.74 0.81

Overlap ratio” (mean+8. D) 0.54(£.09)  0.54 (:0.10)

YUTACH, k)° (meaniSD) 4 (£5) —4 (£5) 1@&2)
Cerebellum .

Overlap ratio® (mean£8.D.) 0.30 (£0.05) 0.53 (£0.13)
%TACG, &) (mean£8D)  —6 (+3) -2 (£2) —4 (£2)

* % BP(,k) is the mean (n=9) percentage difference of binding
potential (BP) values obtained between methods and was calculated as:
100% x (BP;—BP,)/BP, with j and & defined in the header of the
columns.

® Overlap radio, a measure of overlap between ROI, and %TAC(, k),
the percentage difference of time—activity data, were calculated as
defined in Section 2.6.

Table 3
Comparison between BPs and TACs obmmed with the automated
method and by the two manuals raters in the ["'C}-DASB PET studies

j=Computer j=Computer j=Rater2

k=Raterl k=Rater2 k=Raterl
Thalamus
%%BP(j, k)" (mean+S.D.) 8 (=15) 2 (£8) -7 (12
1CC BP by pairs 0.77 0.90 0.87
Overlap ratio® (mean=S.D.) 0.51 (i0.0{{) 70.63 (&0.05)
%TAC(, k) (mean+S.D.)  —8 (£3) h ,-3‘(:&2) =5 (£2)
Cerebellum T
Overlap ratio” (mean=S.D.) 0.32 (£0.05) 0.’67 (£0.10)
%TAC(, K (mean=S.D.) - =5(£3 -3 (£3) -3 (£1)

* %BP(,k) is the mean (n—lO) percentatre difference of binding
potential (BP) values oblamed between method% and was calculated as:
100% x (BP;— BP,\)/BPL Wlth Jand & defined in the header of the
columns. :

b Overlap radio; amcﬂsme of overlap between ROL and %TAC(, k),
the perccntage dlfference of time—activity data, were calculated as
defined in Sectlon 2 6.

2.6 'leic{artion pr"bcess

We exalﬁilled the reliability of the new automated
method by comparing BP estimates derived using this

““method o those derived using manually delineated ROIs

as Obfailled by two independent raters.

. The reliability of BP values was determined by
means of the intraclass correlation coefficients (ICC)
(Lahey et al., 1983; Shrout and Fleiss, 1979).

BMS—WMS
BMS + (ki—1)WMS’

ce(, ) = (2)
where BMS is the mean square between targets, WMS is
the within-subject mean square and k is the number of
methods or raters. k=2 has been used in the comparison
of BP by pairs in Tables 1, 2, and 3, and k=3 has been
used in the text in Section 3.2. This coefficient can vary
between — 1 and +1 where values close to +1 indicate
the highest degree of concordance between compared
values. We calculated the ICC for BP as it is the main
outcome measure used in PET studies.

Since TACs with slightly different profiles may give
rise to a similar BP, we also computed in each ROI the
ICCs for mean activities as well as the mean percentage
difference across subjects between TACs as follows:

N
UTAC(, k) = >, (Ai=4})/4; x 100% (3)
) i=1

where j and k can be either rater1, rater2 or the computer,
N is the total number of data points in the TAC, and 4; is
the activity value in a given data point / as measured by
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Fig. 3. Two examples in which the fitting ﬁmcuon gives robusticity to
the method. In the superior sect]on of the figuie the transformed left
thalamus and right caudate are shown on a Smm smooth gray matter
probability map. (a) The thalamtus falling halfinside of the gray matter
and half outside shows a‘histogram of probability of gray matter that
presents nultiple peaks, The fitting ﬁjﬁction finds the overall shape of
the histogram and givesia precisc? value for the maximum. (b) The

caudate is almost outside of the”m'ay matter so the maxiimum of the
fitting function falls inthe negatives values of probability. The solution
proposed in this w 01k 6 ﬂllS last case in caudate or putamen is using a
smooth of 1 mm.

364 j. An overal];positive value of %TAC(=computer,

WY W U L s W
~ N O DN D
O O X~ DN

k=raterl) indicates that activities obtained using the
computer (i.e. automated method) are systematically
higher than those obtained manually by rater 1 in a given
ROT. ROIs were drawn in both hemispheres, but data
from the same ROI were pooled to obtain the mean of %
TAC(, k).

In order to get a measure of the overlap between the
ROI drawn by the computer and the ROI drawn by the
luman rater the overlap ratio that was defined as:
(Ro‘[COlﬂp\ltEf m ROII'H[EI') / (‘RO]‘COITlpU[EI‘ U ROII'HICI’) was
used. The numerator represents the intersection ROI
between computer and human rater, and the dominator
represents the union ROT drawn by both. An overlap
ratio value of 1 means complete agreement, a value of 0
means no overlap at all, and a overlap of 75% in 2 ROTs
of the same size has a ovellap ratm 0 6 (Carmichael et

1., 2005). 2

3. Results

3.1 Methodolovlcal lssues

Yasuno et al, (2002) 1dent1ﬁed the maximum value of
the hlstog;f@m of probability inside of the ROI and then
defined thé?h;'f:gﬁdld of probability as a fraction of this
peak value. Whilc this procedure may be adequate for
lar ge ‘ROIs, the paucity of statistics within a small ROI
may, result m the occurrence of multiple peaks in the

hlstogram as’ result of either poor statistics (symbols in
. Figi3a) or shift of the RO into adjacent CSF or white
dnattel (symbols mn Fig. 3b). We defined a fitting func-

tion empirically found that clearly characterizes the gray

~ matter (dashed lines in Fig. 3a and b). If the fitting is not

successful, the procedure is aborted and a new attempt

-+ can be made to improve the parameters used in the non-

linear transformation.

Yasuno et al. (2002) applied a 6mm FWHM
smoothing filter on the probability image of gray matter
(Fig. 4a). This value was adequate for cortical regions
but may be excessive for the striatum due to poor
segmentation of the subcortical region, particularly in
the border of the insula—putamen. The solution
proposed in this work is as follows: for a cortical ROI
where gyri and sulci result in a discontinuity
probability of gray matter, a filter of 5mm (FWHM) is
applied, while a smaller filter of 1 mm (FWHM) is more
appropriate for more homogenous subcortical ROITs
such as the putamen or caudate. The results obtained
when applying a | mm (FWHM) for segmentation of the
striatum are illustrated in Fig. 4b. The procedure
allowed a successful separation of right insula~putamen
on the right hemisphere but was, as observed in some
cases, unsuccessful to resolve it in the left hemisphere.

It is important to note that in this work we have used
PD weighted MR images that present a greater contrast
in the subcortical areas than T1 weighted MR images
resulting in a better segmentation by SPM in these
regions.
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Fig. 4. (a) and (b) show the differences in the striatum—insula boundaries when the probability maps of g y matter wh

yothed with a Gaussian

filter of FWHM =6mm and FWHM=1mm respectively. A large size of the filter completely removes FHéEbOLlndm'iGS (a), a smaller filter (b) is not
enough in some cases to see the border. The solution proposed in this work is to add a ROI represgnﬁhgﬂ}e insula in which to find a border between
both ROIs. (c) shows the ROIs on the MR image after 4 iterations of refinement step. " o s

Morphological dilatation of a ROI may result in the
overlap of two or more adjacent ROIs. Thus in our
method, the growth of an RO is limited to one voxel in
every point of the surface of the ROI during each
iteration. Voxels that overlap are not allowed to dilate
further. Tterative application of this procedure not only
avoids overlap, but also stops unwanted growth of the
ROIs. Taking advantage of this property, we have

included the insula to create a natural boundary for the

putamen. A border automatically appears in images
where the map of probability of gray matter does not
present a border insula—putamen. This can be seen for

the border between the left insula and the left putamen'in -~

Fig. 4b and c.
3.2. Validation results

The first step of the validation procedure was to
perform a rigorous visual inspection to check concor-
dance between the automated ROls and the anatomical
images as well as the manually drawn ROIs. A global
comparison of 92 BPs obtained by two independent
raters and with our automated method for 5 ROIs and
3 radiotracers in 28 subjects showed a very good cor-
relation (r=10.96:for each: rater; Fig. 5). The linear re-
gression for each rater with respect to the computer
shows a straight line near to the identity line (slopes 0.94
and 1.02-and inigrcepts 0.1 and —0.2 respectively). A
detailed comparison of these results is presented in the
next three subsections.

3.2.1. Frontal and temporal cortex: studies using
[V CJ-WAY 100635

The results for nine subjects using [MC]-WAY
100635 in the temporal and frontal ROIs are summa-

rized in Table 1, We found very high correlations be-
tween BP values obtained from manual delineation of
the ROTs and those obtained using the automated meth-
od<in both frontal (ICC=0.95) and temporal (ICC=

0.94) cortices. The differences between BP values were

minimal, being only 5% for the frontal cortex. No dif-
ference was observed for BP values obtained in tem-
pbl'al cortex.

‘Comparison of the TAC data obtained by the manual

. raters and those obtained by the automated method also

demonstrated a very high correlation in both brain
structares, with an ICC>0.99. Moreover, the overall
difference between TAC data obtained with the auto-
mated method and those obtained by the manual raters
was positive, thereby indicating that radioactivity con-
centrations obtained using the automated method were
systematically higher than those obtained by the manual

[43]
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Fig. 5. Comparison of 92 BPs abtained by two independent raters and
with our computer software for 5 ROIs and 3 radiotracers in 28
subjects.
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raters (Table 1). The overlap ratio between ROIs for
frontal and temporal was around 0.4 (see Table 1). A
complete visual comparison of the ROIs (not presented
here) shows that the automated method was able to
carefully delineate the cortices according to its typical
sulci, resulting in a more accurate definition of the ROTs
than the manually obtained ROL.

3.2.2. Striatum: Studies using [ C]-raclopride

The results for nine subjects using ['' C}-raclopride in
the caudate and putamen are summarized in Table 2. We
found good agreement between automated- and manu-
ally derived BPs in the caudate ICC=0.837) and the
putamen (ICC=0.800), with the BP value falling be-
tween both raters.

The ICC for all TACs was 0.96. The mean percentage
differences between radioactivity levels measured by the
computer and the manual raters, %TAC(j=computer,
k=manual), were in general negative. The overlap ratio
for the caudate was 0.48 and for the putamen was 0.54.
Differences in BPs are probably explained by different
criteria used by the manual rater to draw the reference
ROI (cerebellum). The computer drew similarly as rater

2, including the whole cortex of the cerebellum. Rater 1
drew the cerebellum excluding the vermis. This may.

explain the somewhat smaller overlap ratio in the cere-
bellum between the computer and rater 1.

3.2.3. Thalamus: studies using [ C]-DASB

BP values obtained in thalamus using,v['r”C]jDA'SB' : ‘

are summarized in Table 3. There was a good agreement
between BP estimates obtained using the manual and the
automated method (ICC=0.819). The BPs generated by
the two manual ralers were dxfferent;'(meap 7%) and
highly variable (S.D.=12%). The computer yielded
higher BPs with respect to both rateré; with values closer
to those generated by rater 2 (2%).

Evaluation of the TACs obtamed by the automated
and manual methods ‘also showed excellent agreement
(ICC for TAC >0: 98). Rad10act1v1ty concentrations
obtained by the manual raters were higher than those
obtained by the computer. With respect to rater 2, the
differences mrcerebellum and thalamus were similar (%
TAC(j=computer, k=rater2)=3%). For rater 1, differ-
ences for't}}alamus (WTAC(j=computer, k=raterl)=
—8%) were more i'i“iiportant than for cerebellum (%TAC
{(/=computer, k=rater}}=—5%) which explain the larger
differences in BPs. The computer drew a thalamus and a
cerebellum closer to rater 2 (overlap ratio>.6). A
different criteria drawing the cerebellum, as in the
previous section, may explain the low overlap ratio
(0.32) with rater 1 and the difference in BPs.

4. Discussion

Our principal goal was to develop an automated
method to accurately delineate brain ROIls, generate
TACs, and derive BP measures of PET radioligands
binding. The reliability of the method was tested by
comparing TACs and BP measures obtained with this
method to those obtained by a conventional manual
procedure accomplished by two experxenced raters. Our
results showed that the automated method yielded fully
reproducible TAC and BP data that w re highly con-
sistent with those obtained by manual dlannU of ROIs.
For all TAC obtained, the ICCs were greatel than 0.95
and for each ROT the ICC for BP was in the range 0.8—
0.95 — suggesting that our method is consistent with the
results obtained by well—tramed raters. More importantly,
any trained rater’ umoduces intra-rater variance as the
decision legaldmg ROI boundaries made in every new
attempt. Tn that respect, the “intra-rater” reproducibility
of our automatic_method is always 100% due to its
automated nature. Itmeans the difference between two or
more consecutive automated BP determinations is
always 0% whlle according to studies performed in
our labmatory, the manual 1nt1a—rate1 reproducibility is
for example 3% in striatum using [''CJ-raclopride (data
not shown). Regarding the inter-rater differences, our
method could not be distinguished from the manual
raters. For the temporal cortex, caudate and putamen, the
automated method generally gave an intermediate BP

~ value between those obtained by the two raters. For the

frontal cortex and thalamus it gave values generally
higher than those obtained by the manual raters. Thus,
from all perspectives of inter-rater variance — this
method performs quite well — with the added advantage
of no intra-rater variance.

The criteria to solve the overlap of two or more
adjacent ROIs during the dilatation in the refinement
step are an important contribution to the original
method. As a result, BPs obtained in putamen were
reliable and highly consistent with those estimated by
manual rating. This was achieved through the inclusion
of the msula as an ROI, which limited the excessive
dilatation of the ROI in the putamen. The number of
iterations of the dilatation depends on the quantity of
ROIs included in the template as well as the volume of
gray matter covered by the ROIs. For a limited number
of small ROTs (representing a limited fraction of the gray
matter volume), excessive iterations will likely lead to
ROIs beyond their true anatomical boundaries. Con-
versely, multiple iterations for large ROIs covering most
or all the gray matter will lead to a stable solution. The
use of a standard template of ROIs has conferred higher
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accuracy for ROI definition through the adoption of
accepted standard methodology.

Finally it should be noted that while the procedure
described here does not necessarily require any direct
intervention from the user, we suggest that some user
supervision is required after the non- -linear transforma-
tion is performed by SPM to ensure a correct global
initial position of the ROIs. The time demanded for a
single study is around 10min in a PC Pentium 4,
2.6GHz, 1GB RAM.

5. Conclusion

We described a new method for automatic ROI
delineation and generation of TACs for brain PET im-
ages, improving upon the limitations of previous work
by Yasuno et al. (2002). The fitting function of the gray
matter probability, the criteria to find borders during the
dilatation, the new template expressed in a standard
space, and the change in the smoothing of the template
confer an excellent stability, increasing the probability of
recognizing small ROIs and aborting the process when
the non-linear transformation leads to an insurmountable
initial conditions. The validation of our method based on

the reliability of BP values introduces a most ngorous '

test for the procedure.
The method only tries to correct inaccuracy ofi the

non-linear transformation. When new image-to-image -

matching algorithms (Thirion, 1998), geodesics actives

contour, and other state of the art algorithms of coms :

puter vision are fully automated, validated and freely
available for non-rigid registration of MR images; the
necessity of such correction will likely decrease, Until
that time, this method provides.an essentlal tool for the
individualization of the standard atlas using widely
accepted software like SPM: ' "
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Summary: Purpose: To investigate the prevalence, psy-
chopathology, and cognitive functions associated with psychotic
disorders among adult epilepsy patients with intellectual disabil-
ity (ID) based on a multicenter study in Japan.

Methods: The study was divided into three phases; a preva-
lence study of psychotic disorders among new referrals of
epilepsy, a polydiagnostic comparative study of patients with
psychotic epilepsy and those with schizophrenia, and a neu-
ropsychological study of patients with psychotic epilepsy and
education level-matched controls.

Resulis; Among 336 new referrals of epilepsy, a higher preva-
lence of psychotic disorders was found among patients with 1D
(24%) than among those with normal intelligence (6%). The
psychotic symptoms and operational diagnoses of psychotic

epilepsy patients with TD were similar to those of patients with
normal intelligence. A wide range (7-86%) of psychotic epilepsy
patients was diagnosed as having schizophrenia, depending on
the operational criteria used. Patients with psychotic epilepsy
had more disturbances in verbal memory and attention functions
than did the controls.

Conclusions: Fpilepsy patients with ID show a pre-
disposition (o develop psychotic disorders. Distinguishing
their psychotic symptoms from those of schizophrenia is
difficult. Subtle cognitive disturbances predispose to psy~
chotic disorders in epilepsy. Key Words: Epilepsy—
Tntellectual disability—Psychotic disorder—Polydiagnosis—
Symptomatology—Neuropsychology.

Many previous studies have reported that epilepsy pa-
tients with intellectual disability (ID) are liable to develop
all types of psychiatric disorders, including psychotic dis-
orders (1—4). Most clinicians believe that psychotic pa-
tients with ID lack the usual richness of the symptoms
because of their inability to conceptualize their feelings
and describe them to others, as well as an impoverished
life experience. Psychotic symptoms are believed to be
florid but banal, and to dominate delusions and hallucina-
tions that reflect the naive and wishful thinking, bizarre,
impulsive, aggressive, and unpredictable behaviors. How-
ever, no evidence exists that the nature of the psychotic
disorders in individuals with ID differs from those with-
out (5). The prevalence, psychopathology, and association
with cognitive dysfunction of psychiatric disorders among
adult patients with epilepsy and ID require further clarifi-
cation.

Address correspondence and reprint requests to Dr. M. Matsuura
at Section of Biofunctional Information, Graduate School of Allied
Health Sciences, Tokyo Medical and Dental University, 1-3-45 Yushima,
Burnkyo-ku, Tokyo 113-8519, Japan. E-mail: matsu.mtec@tmd.ac.jp
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SUBJECTS AND METHODS

We conducted a three-phase study on this issue. The
first phase assessed the prevalence of psychotic disorders
among new referrals of adult epilepsy by using a newly
developed multiaxial classification scheme (6) based on
a multicenter study in Japan (1). Next, we compared
the symptoms and operational diagnoses between psy-
chotic disorders in epilepsy and age- and sex-matched
schizophrenia patients diagnosed with ICD-10 criteria by
using the Japanese version of Operational Criteria Check-
list for Psychotic Iliness (J-OPCRIT) system (7). Finally,
we compared the cognitive function among psychiairic
disorders in epilepsy and age-, sex-, and education level-
matched controls of epilepsy patients without psychiatric
disorders and those with schizophrenia, by using a stan-
dardized neuropsychological test battery.

Exclusion criteria were the presence of severe ID with a
lack of ability to communicate, alteration of consciousness
during psychoses, personal history of alcohol abuse, and
severe head trauma afier the onset of epilepsy. Group dif-
ferences were statistically analyzed by using x ? tests with
Fisher’s exact probability tests for nonparametric data and
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TABLE 1. Prevalence of psychotic disorders among new referrals with epilepsy

Epilepsy without ID

Epilepsy with ID Group difference

Number of cases (male/female)

Age (yr) 3314122
Age at onset of epilepsy (yr) 18.5+12.9
Type of epilepsy: PE/GE 74/25%
Seizure frequency: freefyearly/monthly 8/48/44%
Presence of epileptic discharges on EEG 66%
Presence of abnormal slow background EEG 38%
Presence of history of brain damage 18%
Presence of abnormal findings by CT/MRI 22%
Presence of psychiatric disorders
(ICD-10 category) 23%
Organic mental disorders (F0) 1
Substance use disorders (F1) 1
Psychotic disorders (F2) 6
Mood disorders (F3) 2
Neurotic disorders (F4) 7
Personality disorders (F6) 5

260 (130/130)

38 21N
278+9.8 “
1214108 b
79/18% a
13/36/51% a
69% NS
64% b
59% b
48% b
66% b
5 a
0 NS
24 b
3 NS
13 NS
21 b

ID, Intellectual disability; PE/GE, partial epilepsy/generalized epilepsy; NS, not significant.

% < 0.03; ’p < 0.01 (2 test/ ANOVA).

by using analysis of variance (ANOVA) and post hoc mul-
tiple comparisons by Fisher’s PL.SD for parametric data.

RESULTS

Prevalence of psychotic disorders among new
referrals with epilepsy

Two hundred ninety-eight adult patients with epilepsy
were included in the first phase of the study (Table 1).
The organic feature was dominant among the epilepsy
patients with ID compared with those without 1D, re-
flected by higher frequencies of slow EEG activity, history
of brain damage, and abnormal computed tomography
(CT)/magnetic resonance imaging (MRI) findings. The
prevalence of psychiatric and psychotic disorders was sig-
nificantly higher in the epilepsy with ID group than in the
without-ID group. The most prevalent psychiatric disor-
ders were neurotic disorders (7%) in the without-ID group
and psychotic disorders (24%) in the with-ID group. The
second most prevalent disorders were psychotic disorders
in the without-ID group (6%) and personality disorders
(21%) in the with-ID group.

Clinical symptoms and operational diagnoses of
epilepsy with a psychotic disorder and schizophrenia

Compared with the control group (56 patients with
schizophrenia), the psychotic epilepsy groups (51 epilepsy
patients without ID and 28 epilepsy patients with ID) were
characterized by significantly lower frequencies of a fam-
ily history of schizophrenia and deterioration of function
from premorbid level, and higher ratios of abrupt onset of
psychosis and remission (Table 2). The response rate of
psychotic symptoms to neuroleptics was similar among
all groups.

Epilepsia, Vol. 46, Suppl. 1, 2005

Psychotic symptoms were similar between the
psychotic epilepsy groups without ID and with ID, charac-
terized by a significantly higher frequency of accompany-
ing affective symptoms and lower frequencies of negative
and positive symptoms compared with those of the
schizophrenia group. The operational diagnoses also were
similar between the two psychotic epilepsy groups, and the
schizophrenia diagnosis of them ranged from 7% to 68%,
depending on the operational criteria used. Schneider’s
schizophrenia with first-rank symptoms was present to a
similar degree in both of the psychotic epilepsy groups.
Other prevalent diagnoses of the psychotic epilepsy were
atypical psychosis by Diagrostic and Statistical Manual
of Mental Disorders—III (DSM-III) or psychotic disorder
not otherwise specified by DSM-TV.

Neuropsychological profiles of epilepsy with
and without psychotic disorder and schizophrenia
Twenty-two psychotic epilepsy patients, 22 epilepsy pa-
tients without a psychiatric disorder, and 16 schizophrenia
patients were enrolled in the neuropsychological study
(Table 3). Wechsler Adult Intelligence Scale (WAIS)-
R full-scale IQ, verbal IQ, and comprehension subscore
were significantly lower in the psychotic epilepsy group
than in the other two groups. Wechsler Memory Scale
(WMS) memory quotient and nonrelated paired asso-
ciate subscore, and WAIS-R digit symbol and picture-
arrangement subscores were significantly lower in the
psychotic epilepsy group than in the epilepsy group with-
out a psychiatric disorder. WAIS-R similarity and digit
span subscores were significantly lower in the psychotic
epilepsy group than in the schizophrenia group. WAIS-
R performance 1Q and WCST category number did not
differ among the three groups.
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TABLE 2. Symptoms and operational diagnoses of schizophrenia and epilepsy with a psychotic disorder

Epilepsy without ID

Epilepsywith ID Group difference

Group Schizophrenia
Number of cases (male/female) 56 (26/30)
Age (yr) 385+ 118
Age ar onset of epilepsy (yr) -

Age at onset of psychosis (yr) 250499

Family history of schizophrenia 27%

Mode of onset: abrupt/acute/gradual 16/23/60%
Course: remission/recurrent/chronic 18/36/47%
Deterioration from premorbid function 66%
Response to neuroleptics 73%
Clinical symptoms
Lack of insight 88%
Delusions/hallucinations last for 1 wk 73
Loss of energy 68
Blunted affect 57
Slowed activity 55
Restricted affect 55
Primary delusional perception 50
Bizarre behavior 48
Abusive/uccusatory/persecutory voices 43
Well-organized delusions 38
Negative formal thought disorder 36
Third-person auditory hallucinations 36
Delusions of passivity 23
Positive formal thought disorder 16
Accompanying affective symptoms 14
Diminished libido 13
Operational diagnosis of schizophrenia
ICD-10 schizophrenia 100%
Taylor & Abrahams’ schizophrenia 96
RDC schizophirenia 85
Carpenter's schizophrenia 72
Schneider’s schizophrenia 71
DSM-ITI-R schizophrenia 70
DSM-1V schizophrenia 63
DSM-TIT schizophrenia 63
French chronic schizophrenia 57
St. Louis’ schizophrenia 55

51 (24/27) 28 (18/10)
350114 38.1 £ 16.6 NS
13.1+78 123+ 134 NS
28.0 % 10.1 20.6 + 12.6 NS
4% 7% a
40/27/40% 43/25/36% b
54/10/35% 50/14/36%a a
22% 21% a
75% 57% NS
63% 1% b
43 61 a
29 11 a
18 11 a
25 18 a
20 14 a
10 18 a
65 64 b
14 14 a
6 11 a
16 7 a
8 0 a
8 4 b
6 0 b
41 25 b
2 0 b
49% 50% a
49 57 a
43 68
68 50 NS
37 39 a
27 25 a
18 21 a
16 14 a
14 7 a
18 7 a

1D, Intellectual disability; NS, not significant.
“p < 0.01; p < 0.05 (x* test/analysis of variance).

DISCUSSION

The present study confirmed that the presence of ID,
which may stem from organic brain dysfunction, in
epilepsy patients is a risk factor for developing a psy-
chotic disorder. However, psychotic symptoms and psy-
chiatric diagnoses were similar in epilepsy patients with
1D and those without ID. Among the general population
with ID, the similarities in psychopathology between pa-
tients with normal intelligence and those with mild ID
have already been documented (8). Although patients with
psychotic epilepsy showed lower frequencies of negative
and positive symptoms than did schizophrenic patients,
a significant number of them were diagnosed as hav-
ing schizophrenia. The presence of nuclear schizophre-
nia symptoms are in line with previous reports on psy-
chotic epilepsy patients without ID (9-11) as well as those
with ID (12). Although some previous reports pointed out
that a low IQ is a risk factor for a chronic course of psy-

choses in epilepsy (13,14), the present results suggest that
the prognosis of epileptic psychosis is better than that of
schizophrenia. The discrepancy may be due to the exclu-
sion of severe ID patients in the present study.

The attention and verbal factors revealed by WAIS-
R (15), as well as verbal memory detected by WMS,
were poorer in the psychotic epilepsy patients than in
the controls. These results support the hypothesis that
psychotic disorders in epilepsy are associated with un-
derlying cognitive defects (11,14,16). Mellers et al. (17)
reported that epilepsy patients with schizophrenia-like
psychosis showed a global cognitive dysfunction com-
parable to that of schizophrenia. Caplan et al. (18) hy-
pothesized that illogical thinking stemming from global
cognitive dysfunction in epilepsy contributes to the de-
velopment of schizophrenia-like psychosis. Verbal dys-
function and attentional deficits, which may result in a
reduced capacity to deal with complex social problems,
may predispose to psychotic disorders in epilepsy.
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TABLE 3. Neuropsychological profiles of schizophrenia and epilepsy with and without psychotic disorder

Epilepsy with a Epilepsy without a Group
Schizophrenia psychotic disorder psychiatric disorder difference

Number of cases

(male/female) 16 (9/7) 22 (17/5) 22 (14/8) NS
Age (yr) 36.9 104 37.2+£84 36.04+9.3 NS
Education (yr) 13.6 £ 2.1 13.6+£22 13.9+21 NS
Age at onset of epilepsy (yr) - 112+ 6.7 16.0 £ 119 NS
Age at onset of psychosis

(yr) 240+ 10.2 254441 - NS
WAIS-R full-scale IQ 84.0 £+ 184 75.6 £ 18.5 86.5+ 144 a

Verbal 1Q 86.3 £ 16.5 769+ 174 86.4+11.0 a

Performance 1Q 84.51+17.9 79.2 £ 19.1 89.4 4+ 11.0 NS

Comprehension 7.14+3.1 55+27 7.1 431 “

Similarity 7636 59440 7.1x37 a

Digit span 8626 7.1+25 75+£23 a

Digit symbol 7.0+£3.1 52435 75+25 a

Picture arrangement 79+28 6.4 4.1 9.0+ 3.1 ¢
WMS

Memory quotient 90.0 £ 20.3 84.1 £ 15.7 91.7+ 145 ¢

Nonrelated paired

associate 48+4.1 36£35 5.6+£3.6 ¢
WCST category number 3.6£22 35+£23 36+25 NS

NS, not significant, WAIS-R, Wechsler Adult Intelligence Scale~Revised; WMS, Wechsler Memory Scale; WCST, Wisconsin Card Sorting Test.

“p < 0.05 (x? test/analysis of variance).
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Correlation Between Quantitative-EEG Alterations and Age
in Patients With Interferon-a—Treated Hepatitis C
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Abstract: The authors recently observed alterations in the quanti-
tative EEG findings in patients with chronic hepatitis C who were
treated with interferon-a (IFN-«). However, the factors that influ-
enced such EEG alterations remain unclear. The authors evaluated
the correlation between QEEG alterations that occurred during
[FN-a treatment and the age of 98 patients with chronic hepatitis C.
These patients underwent blind, prospective, and serial quantitative
EEG examinations. [FN-a was administered intramuscularly at 9 X
10° TU daily for the first 4 weeks and then three times per week for
the next 20 weeks. Serial EEGs were obtained before, at 2 and 4
weelks, and at 2 to 3 days after the treatment. The absolute powers
of each frequency band at different stages of the treatment were
determined by QEEG. The ages of the patients were classified into
five groups: 20 to 29, 30 to 39, 40 to 49, 50 to 59, and =60 years.
The relationship between the alterations in power values and age
was statistically evaluated. As the age of the patients increased, the
alterations in power values for the slow waves, alpha 2. and fast
waves during IFN-a treatment became more remarkable, and sig-
nificant (repeated-measure analysis of variance; P < 0.0001). The
alterations of EEG occurring during IFN-a treatment were marked
in older patients.

Key Words: Interferon-¢, Quantitative EEG, Chronic hepatitis C,
Age of patient.
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Alterations of brain waves on EEGs during treatment with
interferon-a (IFN-a) have been described in several case
reports (Meyers et al., 1991; Rohatiner et al., 1983; Smedley
et al., 1983). We recently confirmed a diffusc slowing based
on an analysis of blind, prospective, and serial quantitative-
EEG (QEEG) examinations undertaken in many patients with
TFN-a—treated chronic hepatitis C (Kamei et al., 1999). We
speculated that such diffuse slowing on the EEGs could
reflect a mild adverse effect on the brain caused by the [F'N-a
treatment. We also reported that this alteration of the quan-
titative EEG was clinically related to the change in score on
the Mini-Mental State Examination {(Kamei et al., 2002).
However, no detailed investigations on clinical factors that
may influence such EEG alterations during IFN-« treatment
have yet been made. The present study is the first to evaluate
the relationship between the alterations of quantitative EEG
that occur during IFN-« treatment and the age of the patient.

SUBJECTS AND METHODS

Subjects

The subjects consisted of 98 previously reported pa-
tients with chronic hepatitis C who underwent our blind,
prospective, and serial QEEG examinations (Kamei et al.,
1999) during the period from August 1995 to May 2003.
These patients were independently registered at three differ-
ent hospitals (Nihon University Ttabashi Hospital, Nihon’
University Surugadai Hospital, and Itabashi Medical Associ-
ation Hospital) during this period. All patients had been
investigated and treated under the same clinical regimen and
conditions, including the diagnostic criteria, QEEG cxamina-
tions, and TFN-a treatment, as reported previously (Kamei et
al., 1999). The clinical diagnosis of chronic hepatitis C was
confirmed on the basis of serologic findings of serum anti-
body for hepatitis C virus, histopathologic findings obtained
by liver biopsy, detection of the viral genome sequence for
hepatitis C virus by the reverse-transcriptase polymerase
chain reaction, serum liver function tests, and the clinical
course of the patients. TFN-a was administered intramuscu-




