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Attitude of Patients
- With Mood Disorder
Toward Clinical Trials
in Japan

To the Editors:

Some attitude surveys regarding
clinical trials have been conducted for
the general population, outpatients, and
participants in clinical trials. However, in
most such surveys, the target subjects
tended to be patients with some physical
diseases. To our knowledge, despite a
very high prevalence of depressive dis-
orders in the general population, few
attitude surveys have so far been re-
ported for patients with such a condition.
Although a placebo-controlled trial (PCT)
has been generally considered desirable
for the development of new antidepres-
sants,! in Japan, PCTs are rarely con-
ducted at the present time. It is also
known that the subject group may not
represent a standard patient population.
Therefore, to promote and conduct better
PCT, it is necessary to investigate the
attitudes of patients with mood disorders
toward clinical trials.

Patients between the age of 20 and
75 years were recruited from Kyushu
University Hospital, Keio University Hos-
pital, or University Hospital of Occupa-
tional and Environmental Health. All
were outpatients diagnosed to have mood
disorders—including depressive disor-
ders, bipolar disorders, and other mood
disorders—based on the criteria of the
Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition). After
a complete description of the study, the
attitudes of patients toward clinical trials
were thus investigated. The patients were
asked to complete a multiple choice—type
questionnaire developed to survey the
patients’ attitudes conceming participa-
tion in PCT. This questionnaire was
developed by the committee for clinical

LETTER TO THE EDITORS

trials of the Japanese Society of Biolo-
gical Psychiatry.

Seventy-seven patients (31 men
and 46 women) with mood disorders
were anonymously investigated. The
mean + SD age was 42.9 + 14.3 years.
Thirty-one (40.3%) of the patients knew
that clinical trials had previously been
conducted for the development of new
drugs, 17 (22.1%) knew the word place-
bo, and 14 (18.2%) knew that PCT had
previously been conducted for a strict
assessment of the efficacy of various
drugs. Most of the patients (16 of 17) with
any knowledge of the word placebo,
however, knew the word placebo effect.
For 42 patients with some knowledge
of clinical trials, the most frequent
opinions. about clinical trials were as
follows:'(1) clinical trials were necessary
for the development of new drugs, (2)
they were afraid of possible adverse
effects, and (3) it was good that partic-
ipants were able to contribute to the
development of new drugs. After the ex-
planation of PCT to all patients, the most
frequent opinions about PCT were as

follows: (1) clinical trials were necessary

for the development of new drugs, (2)
they were afraid of possible adverse ef-
fects, and (3) they felt unpleasant because
it seemed like an experiment.

Fifteen (19.5%) of the patients
stated that they would participate in
PCT, whereas 27 (35.1%) stated that
they might participate a little and 30
(39.0%) stated that they did not want to
participate at all. There were no signif-
icant associations between the attitude
for participation in PCT and knowledge
about clinical trials (Fisher exact test,
x%=3.44,df = 6, P = 0.75) or placebo
(Fisher exact test, x> =3.89, df= 6, P =
0.69) or PCT (Fisher exact test, xz =
0.71,df = 6, P = 0.99).

The most frequent reasons why
patients did not want to participate in
PCT were as follows: (1) they were
afraid that their disease status might
worsen, (2) the uncertain effect of drug,
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(3) they were satisfied with existing
drugs, and (4) they were afraid of taking
a placebo. For 29 patients unwilling to
participate in PCT because of fears that
their disease status might worsen, 11 of
the patients said they would participate
in PCT if they were checked and nursed
intensively. Second, for 20 patients
unwilling to participate in PCT with
uncertain effects of the drug as the
reason, 10 of the patients said they
would participate in PCT if the effect of
a trial drug was clearly superior to
existing drugs. Third, for 14 patients
unwilling to participate in PCT with the
reason that they were satisfied with
existing drugs, 4 of the patients said
they would participate in PCT if exist-
ing drugs were not effective enough
against severe diseases. Last, for 13
patients unwilling to participate because
of fears related to taking a placebo, 2 of
the patients said they would participate
in PCT if the probability of taking a
placebo was lower.

In our survey, the most frequent
opinion about clinical trials and PCT was
that they were necessary for the devel-
opment of new drugs, and the most
frequent reason why patients did not
want to participate in such studies was
that they were afraid that their disease
status might worsen. In other psychiatric
diseases, answers about PCT were sim-
ilar to the results of our study. For
example, in a study of 100 patients with
schizophrenia or schizophreniform dis-
order,” the most frequent motivation to
participate in PCT was that PCT was
needed to develop new drugs, and the
most frequent reason for their unwilling-
ness was that patients were afraid of not
receiving medication, thus resulting in a
worsening in their disease status or a
slowing down in their recovery. In terms
of patients with physical diseases or
healthy general people, however, the
attitudes to PCT were somewhat differ-
ent in comparison with those with
psychiatric diseases. For example, in

1
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hypertensive patients, the most frequent
motivation for PCT was personal health
benefits. In a survey by Cassileth et al,*
most of the subjects (71%) responded
that patients should serve as research
subjects for clinical trials because of the
potential benefit to others and the
opportunity to increase their scientific
knowledge. When they were supposed to
actually participate in clinical trails,
many subjects stated that they could
receive highly advanced medical care as
their reason for participation. However,
differences in the contents of the ques-
tionnaire may also account for such
reported attitudes, and it will be neces-
sary to use the same questionnaire on
PCT to accurately compare the subjects
with psychiatric and physical diseases.
In general, clinical trials include
problems related to selection bias for
the subjects evaluated. In psychiatric
disease, Hummer et al® reported that
more than 50% of the patients were not

willing to give their consent to a

potential PCT, thus raising doubts about
the generalization of data obtained by
PCT. Amori and Lenox® reported that
symptomatic volunteers for drug re-
search tended to be sadder, more
discouraged, and less interested in
others than were patients drawn from
normal clinical practice. In addition,

depressive disorder patients have been
reported to prefer psychotherapy to
antidepressant treatment.® In a random-
ized trial on antimanic treatment, Licht
et al’ reported a significant difference
in the symptoms between randomized
patients and excluded patients.
Currently, PCTs are difficult to
conduct in Japan, and the Japanese pub-
lic requires more education about such
clinical research before it will be fea-
sible to conduct PCT. Our finding re-
garding the attitude of the patients with
mood disorders toward clinical trials
may help researchers to perform better
PCTs in the future by including more
generalized and less biased subjects.
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Abstract

We sought to identify the functional correlates of reduced magnetic resonance imaging (MRI) volumes of the superior temporal
gyrus (STG) and the fusiform gyrus (FG) in patients with chronic schizophrenia. MRI volumes, positive/negative symptoms, and
neuropsychological tests of facial memory and executive functioning were examined within the same subjects. The results
indicated two distinct, dissociable brain structure-function relationships: (1) reduced left STG volume-positive symptoms-executive
deficits; (2) reduced left FG-negative symptoms-facial memory deficits. STG and FG volume reductions may each make distinct

contributions to symptoms and cognitive deficits of schizophrenia.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The superior temporal gyrus (STG) and the fusiform
gyrus (FG) are two functionally distinct regions, which
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are among the several brain areas that have been
identified as showing reduced volumes in magnetic
resonance imaging (MRI) studies of patients with
schizophrenia (Onitsuka et al., 2003, 2004, 2005).
Each of these areas may be linked to different facets of
the well-known heterogeneous expression of schizo-
phrenia. For example, reduced left STG volume has
been linked to positive symptoms of auditory hallucina-
tions (Barta et al., 1990; Gaser et al., 2004) and thought
disorder (Shenton et al., 1992; McCarley et al., 1993) as
well as to neuropsychological executive deficits (Nestor
et al., 1993). In contrast, reduced left FG volume has

_been associated with both poor facial recognition

(Onitsuka et al., 2003) and introversion, consistent
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with negative symptom descriptors of social withdrawal
(Onitsuka et al,, 2005). Whether. these structural-
functional relationships can’ be dissociated within the
same subjects is, however, unknown, as these prior
studies have mainly examined behavioral correlates of
STG and FG across different patient samples.

The current study thus aimed to extend these pre-
vious findings by examining and comparing within the
same subjects functional correlates of reduced STG and
FG volumes. Based on previous studies, we predicted
STG ‘and FG would each make distinct and specific
contributions to different aspects of the phenotype of
schizophrenia, as expressed in symptoms and neuro-
psychological test performance. To wit, reduced left
STG volume is hypothesized to correlate with both
positive symptoms and neuropsychological executive
deficits, but not with negative symptoms and facial
memory deficits, which are both hypothesized to
correlate only with reduced left FG.

2, Method
2.1. Participants

Subjects were 22 medicated male patients, who had
prior high-spatial resolution MRI gray matter studies of
the STG (Onitsuka et al., 2003) and the FG (Onitsuka
etal., 2004, 2005), and who were between the ages of 17
and 55 years (Mean=41.43 years, SD=8.22), right-
handed, native speakers of English, without histories of
electroconvulsive therapy or neurological illness, and
without alcohol or drug abuse in the past 5 years, as
assessed by the Addiction Severity Index (McLellan et al.,
1992). Recruited from the VA Boston Healthcare System,
Brockton Campus, patients were diagnosed with schizo-
phrenia using the Structured Clinical Interview for DSM-
IV Axis-I Disorder—Patient Edition (SCID-P) (First et al.,
1997). Mean chlorpromazine equivalent daily dose was
576 mg (SD=257) (Stoll unpublished, 2003), with 12

patients taking atypical medication, 9 typical medication,
and one received both. The mean duration of illness was
20.7 years (SD=38.5). .

© 2.2. Measures

The Positive and Negative Syndrome Scale (PANSS)
provides objective ratings of various positive and
negative symptoms (Kay et al., 1986). The neuropsy-
chological tests included measures of executive func-
tioning, the Wisconsin Card Sorting Test (WCST), and
delayed facial recognition, as assessed by the Faces II
subtest of the Wechsler Memory Scale (WMS-III).

The MRI protocol, described in detail in other
published studies (Onitsuka et al., 2003, 2004), acquired
MR images with a 1.5-T General Electric scanner (GE
Medical Systems, Milwaukee) at the Brigham and
Women’s Hospital in Boston (see Fig. 1). Manual
drawings of the FG were performed on the coronal
plane, blind to diagnoses (control data were not
examined in this study). The anterior landmark was
reliably defined by one slice posterior to the mamillary
body, and the posterior landmark was determined by the
anterior tip of the parietal-occipital sulcus in the mid-
sagittal plane. The last slice including the crux of the’
fornix provided the boundary for subdivision of FG into
anterior and posterior. The collateral sulcus was used as
the medial border. The occipital-temporal sulcus was
used to determine the lateral border. Inter-rater reliabil-
ity was computed for the FG by 3 independent raters
who were blind to group membership. The intra-class
correlations were: 0.94 for left anterior FG, 0.94 for the
right anterior, 0.95 for the left posterior, 0.95 for the
right posterior. For the STG, the anterior boundary was
defined as the first slice containing the intact temporal
stem. The posterior landmark was determined by the last
slice including the crux of the fornix. Superior temporal
sulcus was used as the inferior border. Inter-rater
reliability was computed for the STG by 3 independent

Fig. 1. Superior temporal gyrus (blue), middle temporal gyrus (tan), inferior temporal gyrus (purple), and fusiform gyrus (green) from lateral (a) and

ventral (B) views.
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raters, blind to group membership. The intra-class-

correlations for inter-rater reliability were: 0.97 for left
STG, 0.98 for right STG.

3. Results

Table 1 presents symptom and neuropsychological
correlates of STG and FG volumes. As shown in
Table 1, reduced left FG volume correlated significantly
with higher negative symptoms (rho=-.439, p<.05)
but not with positive symptoms. In contrast, reduced left
STG volume correlated significantly with higher
positive symptoms (rtho=—.494, p<.05) but not with
negative symptoms. The strongest correlations among
the specific symptom items were for the negative
symptom emotional withdrawal and left FG volume
(tho=—-.467, p<.05), and for the positive symptom
hallucinations and left STG (rtho=-.613, p<.01). For
the neuropsychological scores, reduced left FG also
correlated significantly with lower scores for facial
memory (rho=.609, p=.01), whereas reduced left STG
volume correlated significantly with increased non-
perseverative WCST errors, a measure of executive
functioning (rho=-.479, p<.05). Neither positive
symptoms nor negative symptoms correlated signifi-
cantly with neuropsychological scores for factal mem-
ory or executive functioning.

Table 1
Spearman Rank correlations of MRI volumes with symptom ratings
and neuropsychological scores

Brain area  Symptom ratings Neuropsychological scores

Positive Negative Non- Facial
symptoms symptoms  perseverative memory®
errors®
Fusiform gyrus
Right 070 -.336 -.053 .588*
Anterior 089 -.216 248 .543*
Posterior  .042 —.259 —-.148 .364
Left 191 —.439* -.001 .609*
Anterior  .173 —-.301 421 .579*
Posterior  .144 —-.368 -.201 354
Superior temporal gyrus
Right 289 -.047 .560** —.351
Anterior 149 -.203 -.250 T =315
Posterior  .470* .004 —.492* 343
Left 494* —-.048 —.479* -.290
Anterior —.083 .099 -.066 -.127
Posterior ~.564** -.186 ~.432* -.272

**p<.01, *p<.05.
* Non-perseverative errors on the Wisconsin Card Sorting Test.
® Faces Il scores on the Weschler Memory Scale-II1.

We next used hierarchical multiple regression to
compare, quantify, and parse these significant functional
correlates of the FG and the STG. For negative
symptoms, reduced left FG volume emerged as the
sole contributor, accounting for 23% of the variance in
negative symptoms, (F=5.75, df=1, 20, p<.05);
posterior and anterior segments of the left FG did not
account for any significant variation in negative
symptoms. By comparison, reduced left STG volume
accounted for 19% of the variance in positive symptoms
(F=4.63, df=1, 20, p<.05), with reductions of the left
posterior STG volume making an even greater contri-
bution, accounting for 25% of the variance in positive
symptoms (F'=6.48, df=1, 20, p<.05). For neuropsy-
chological correlates, reductions of the left anterior FG
contributed significantly to lower facial memory scores,
accounting for 33% of the variance (F=6.80, df=1, 14,
p<.05). Similarly, left posterior STG volume accounted
for 22% of the variance in errors in executive
functioning, (F=5.27, df=1, 19, p<.05).

4. Discussion

We. compared within the same subjects with
schizophrenia functional correlates of reductions in the
STG and the FG. The results suggested that the STG and
the FG may each account for different facets of the
schizophrenic phenotype, as expressed in symptoms and
neuropsychological test performance. That is, as
predicted, the results pointed to two distinct, dissociable
brain structure—function relationships: (1) reduced left
STG volume-positive symptoms—executive deficits;
(2) reduced left FG—negative symptoms—facial memory
deficits. Seldom have patterns of correlations provided
such clear evidence as in the current study of a double
dissociation of anatomy and function in schizophrenia
as reflected by the non-overlapping reduced left STG
volume with positive symptoms and executive deficits
versus reduced left FG volume with negative symptoms
and facial memory deficits.

The current study integrated neuroimaging, neuro-
psychology, and symptom ratings so as to parse the
different facets of the well-known heterogeneous
phenotype of schizophrenia, and to understand better
its social and cognitive consequences. As such, the
current findings may add to the future social-cognitive
neuroscience study of schizophrenia. However, schizo-
phrenia affects diverse areas of the brain, and future
studies are needed that use a broader sampling of brain
regions in unselected group of patients, preferably
unmedicated, with a wider range of length of illness than
those of the present investigation.
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Abstract

Schizophrenia is characterized by deficits in cognition as well as visual perception. There have, however, been few magnetic
resonance imaging (MRI) studies of the occipital lobe as an anatomically defined region of interest in schizophrenia. To examine
whether or not patients with chronic schizophrenia show occipital lobe volume abnormalities, we measured gray matter volumes
for both the primary visual area (PVA) and the visual association areas (VAA) using MRI based neuroanatomical landmarks and
three-dimensional information. PVA and VAA gray matter volumes were measured using high-spatial resolution MRI in 25 male
patients diagnosed with chronic schizophrenia and in 28 male normal controls. Chronic schizophrenia patients showed reduced
bilateral VAA gray matter volume (11%), compared with normal controls, whereas patients showed no group difference in PVA
gray matter volume. These results suggest that reduced bilateral VAA may be a neurobiological substrate of some of the deficits
observed in early visual processing in schizophrenia.
© 2007 Elsevier B.V. All rights reserved.

Keywords: High-spatial resolution MRI; Schizophrenia; Primary visual area; Visual association areas; Quantitative MRI
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tion as well as visual perception (O’Donnell et al., 1996; electroencephalographic (EEG) studies provide further
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the visual association cortex (Silbersweig et al., 1995).
Of note here, Weiss and Heckers (1999) noted that the
neural systems involved in the perception of hallucina-
tions appears to involve the same modality-specific
cerebral structures as are involved in normal perception.
Recently, Molina et al. (2005) reported that clozapine
increased occipital lobe metabolism including primary
and association visual areas, and that the metabolic
increase was associated with improvement of positive
symptoms. Our own laboratory has documented that
visual gestalt stimuli lead to abnormal gamma band
EEG activity over the occipital lobe in schizophrenia,
and that this abnormal gamma activity is associated with
visual hallucinations (Spencer et al., 2003, 2004). It thus
seems likely that the occipital lobe is involved in some
aspects of the pathophysiology of schizophrenia.

Magnetic resonance imaging (MRI) has been
helpful in revealing subtle structural brain abnormal-
ities in schizophrenia (see reviews in McCarley et al.,
1999; Shenton et al., 2001) although the small number
of studies that have measured occipital lobe have
shown mixed findings. Five studies reported volume
reduction in the occipital lobe in schizophrenia
(Zipursky et al., 1992; Andreasen et al., 1994; Bilder
et al., 1994, 1999; Davatzkikos et al., 2005). However,
differences in methodology and regions of interest
(ROI) definition may have accounted for some of the
disparate results. In terms of neuroanatomically de-
fined studies of occipital lobe, Zipursky et al. (1992)
used seven axial MRI sections for segmentation and
found significant gray matter volume reduction in the
occipital lobe in patients. On the other hand, Goldstein
et al. (1999) reported no group differences between
patients with schizophrenia and controls in the
occipital lobe. For voxel-based morphometric (VBM)
studies, Davatzkikos et al. (2005) reported reduced
gray matter in occipital association areas in patients
with schizophrenia, although there have also been
negative findings reported using VBM (e.g., Kubicki
et al., 2002; Giuliani et al., 2005).

Based on direct comparisons of VBM and ROI, we
(Kubicki et al.,, 2002) and Giuliani et al. (2005)
concluded that VBM is useful for hypothesis gener-
ation, but that its anatomical warping and density-
based methodology often lead to failure to detect
abnormalities seen using ROI analysis. In the present
study we adopted a neuroanatomically defined and
manually delineated ROI method to evaluate occipital
lobe ROL.

One possible reason for the small number of neuro-
anatomically defined ROI studies may be due to dif-
ficulties in defining occipital lobe boundaries. The

boundary between the occipital lobe and parietal lobe,
the parietooccipital sulcus (POS), clearly separates the
two lobes on the medial surface (Duvernoy, 1991).
However, on the lateral surface, these two lobes are
usually divided with a (theoretical) line starting at the
parietooccipital fissure and extending to the temporo-
occipital incisure (Duvernoy, 1991). In the present
study, we used three-dimensional information to provide
reliable measures of the occipital lobe with a software
package for medical image analysis [3D slicer, http:/
www.slicer.org] on a workstation.

For ROI studies, it is important to separate gray and
white matter in the analysis. This approach can improve
the detection of subtle gray matter volume differences
between groups, since white matter volume may be
relatively intact as reported in several MRI studies of
frontal and temporal lobes in schizophrenia (e.g., Gur
et al., 2000; Hirayasu et al., 2001). Thus, in the present
study, we used a fully-automated segmentation program
(Wells et al., 1996) to classify tissue into gray matter,
white matter, and cerebral spinal fluid (CSF). Finally,
consideration must be given to linking neuroanatomi-
cally defined ROI to functional divisions whenever
possible (e.g., delineation for Heschl’s gyrus, the locus
of primary auditory cortex [Hirayasu et al., 2000]). For
the occipital lobe, the cytoarchitecture changes abruptly
at the border between Brodmann areas 17 and 18, with
especially prominent changes in layer IV, which
becomes thinner and less differentiated in area 18 than
in area 17 (Amunts et al., 2000). Although structural
MRI cannot identify this border, functional neuroima-
ging studies have reported that the primary visual area
in humans is distributed approximately one gyrus above
and below the calcarine fissure (Tootell et al., 1996; Van
Essen and Drury, 1997). We therefore decided to use this
ROI definition to delineate these regions; for conve-
nience we will refer to the (mainly) primary visual area
as PVA and the (mainly) visual association area as VAA,
comprising the non-PVA portions of the occipital lobe.
Our use of designations other than Brodmann areas and
those in use in anatomical studies will also serve to
indicate the tentative functional identification of PVA
and VAA.

The principal aim of this study was to measure PVA
and VAA gray matter volumes in chronic schizophrenia
and normal comparison subjects, using high spatial
resolution MRI (0.9375-mm’ voxels in resampled
slices) and three-dimensional information, in order to
provide more reliable measurement of these brain
regions, as well as to determine whether or not there
are differences between groups. We also investigated
associations between clinical symptoms and gray
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matter volumes of PVA and VAA in the patient sample,
where we predicted that increased severity of visual
hallucinations would be significantly associated with
reduced occipital gray matter volumes.

2. Subjects and methods
2.1. Subjects

Twenty-five male patients with chronic schizophrenia
and 28 male normal control subjects participated in this
study. Subjects included 2 new subjects and 49 subjects
common (23 patients and 28 normal controls) to our most
recently published ROI study in chronic schizophrenia
(Onitsuka et al., 2004) (the study reported reduced left
middle inferior temporal and bilateral inferior temporal
gyri gray matter volumes in schizophrenia). After a com-
plete description of the study, written informed consent
was obtained from all participants. The age range for
inclusion was 20 to 55 years. Subjects were included if
they had no history of: 1) neurologic illness or major head
trauma; 2) electroconvulsive therapy; 3) alcohol or drug
dependence; or 4) alcohol and drug abuse within the past
5 years. Table 1 shows demographic and clinical char-
acteristics of study groups.

Normal control subjects were recruited through
newspaper advertisement and screened using the Struc-
tured Clinical Interview (SCID non-patient edition) by
trained interviewers (MES, MF). No control subjects had
an Axis-I psychiatric disorder or a first-degree relative
with Axis-] psychiatric disorder. The mean age of the
normal control group was 42.0+7.5 (mean+SD) years
(range: 28-55).

Table 1
Demographic and clinical characteristics of study groups

All patients were diagnosed with schizophrenia based
on DSM-IV criteria, using information from the Structured
Clinical Interview for DSM-III-R by the same trained
interviewers. Patients were recruited from the VA Boston
Healthcare System, Brockton Division. All patients were
receiving neuroleptic medication, with a mean daily dose
equivalent to 497+258 mg of chlorpromazine [typical
(9 of the 25 patients), atypical (15), or both (1)]. The mean
age of patients was 42.6+8.4 years (range: 29-55), their
mean age at symptom onset was 22.7+4.1 years, and their
mean duration of illness was 19.9+9.6 years. The Scale
for the Assessment of Positive Symptoms (SAPS)
(Andreasen, 1984) and the Scale for the Assessment of
Negative Symptoms (SANS) (Andreasen, 1981) were
administered to patients. Mean+SD SAPS and SANS
scores were 9.2+3.7 and 12.3+3.9, respectively. For
the SAPS, visual hallucination scores (0=none, 5S=se-
vere) were available in sixteen of the twenty-five patients.
Mean=+SD score was 1.3+1.5 (range 0—4).

Handedness was assessed using the Edinburgh in-
ventory. Socioeconomic status (SES) of subjects and
parental SES were measured by the Hollingshead two-
factor index (1=highest, S=lowest). All subjects were
given the WAIS-R information subscale as an estimate of
gross fund of information. r-tests were used to assess
group differences in age, handedness score, SES, parental
SES and WAIS-R information subscale scores. There
were no significant group differences in age, handedness
score, parental SES or WAIS-R information subscale (see
Table 1). Patients with schizophrenia showed significant-
ly lower SES than normal control subjects (({51]=—7.82,
p<0.001), consistent with reduced functioning due to the
disorder.

. Patients with schizophrenia (N=25) Normal controls (V=28) daf t p

Total ICC (ml) 1513.8+105.6 1566.4+140.7 51 1.52 0.134
Age (range) 42.6+8.4 (29-55) 42.0+7.5 (28-55) 51 -0.27 0.787
Handedness 0.78+0.16 0.80+0.18 51 0.52 0.603
SES* 4.1+0.7 2.0£1.1 51 -7.82 <0.001*
Parental SES 29+1.4 2.5+£1.0 51 -1.14 0.262
WAIS-R, information subscale 10.1+2.6 11.0£1.8 51 1.56 0.126
Medication dose” (CPZ equiv., mg) 4971258

Symptom onset (years) 22.7+4.1

Duration of illness (years) 19.9+9.6

SAPS total 9.2+3.7

SANS total 12.3+3.9

* Patients with schizophrenia showed significantly lower SES than controls.

* Higher scores indicating lower SES.

® Patients were administered the following medications: [N=5 risperidone, N=4 haloperidol, N=3 ziprasidone; N=3 fluphenazine; N=3
clozapine, N=2 olanzapine; N=1 perphenazine; N=1 chlorpromazine; N=1 olanzapine and ziprasidone; N=1 quetiapine and olanzapine; N=1

risperidone and chlorpromazine].
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2.2. MRI procedures and definition of occipital lobe

The acquisition was done with a 1.5-tesla General
Electric scanner (GE Medical Systems, Milwaukee) at
the Brigham and Women’s Hospital in Boston. The
protocol followed that of our previous publication
(Onitsuka et al., 2004).

Fig. 1 shows the medial and lateral view of the three-
dimensional reconstruction of the occipital lobe. The
following steps were used to define the occipital lobe.
First, the parietooccipital sulcus (POS) was identified on
the midsagittal plane for each hemisphere. Second, the
anterior tip of the POS was identified, as well as the
posterior tip of the POS that corresponds to the
parietooccipital fissure (see Fig. 1). The occipital lobe
was defined as beginning at one slice posterior to the
plane that contains the anterior tip of the POS, identified
on the midsagittal plane, and ending in the last slice in
the coronal plane, including the posterior tip of occipital
lobe. For the medial surface, the boundary between the
parietal and occipital lobe was the POS. For the lateral
surface, the rater (TO) drew a guideline connecting the
parietooccipital fissure and the superior temporal sulcus,
or anterior occipital sulcus, on the first, beginning slice
of occipital lobe. This guideline was defined as the
boundary between the parietal and occipital lobe for the
lateral surface. This guideline was seen as a point on
each coronal image (see Fig. 2c). The parietal and
occipital lobe were divided operationally by extending
the guideline across the tissue bridge of white matter,

parietooccipital sulcus

parietooccipital fissure

the anterior tip of parietooccipital sulcus

horizontally and medially up to the intraparietal sulcus
(see Fig. 2c and d).

The primary visual area (PVA) was defined as the
area between one gyrus above the calcarine fissure and
one gyrus below the sulcus on each coronal image. The
rater drew two guidelines at 35 slices laterally from the
medial surface to determine the gyri above and below
calcarine fissure (see Fig. 2b). The lines were drawn
extending the sulcal course across the tissue bridge of
white matter. These guidelines were seen as points on
each coronal image and the rater delineated the primary
visual area referring to the lines (see Fig. 2c). Manual
drawings of the ROIs were then performed on the
realigned and resampled coronal slices (see Fig. 2d).

Interrater reliability was computed for the ROIs by 3
independent raters (TO, NK, and SSD), who were blinded
to diagnostic group membership. Six cases were selected
randomly for interrater reliability. Three raters measured
the occipital lobe on every third slice. An intraclass
correlation coefficient ‘was used to compute interrater
reliability. For the three raters, the intraclass correlations
were: 0.93 for the left PVA, 0.90 for the right PVA, 0.98
for the left VAA, 0.98 for the right VAA.

2.3. Statistical analyses

A t-test was used to assess group differences in total
ICC. There was no significant group difference in total
ICC (f[51]=1.52, p=0.13). However, to correct for
variations in brain size, we used relative volumes of PVA

lateral guideline

/

PP v &

! TN
ek S0P Ny

el

i€

superior temporal sulcus

Fig. 1. Delineation of PVA and VAA in occipital lobe. PVA is shown in purple, and VAA is shown in blue. For the medial surface (left), the border
between parietal lobe and occipital lobe is the parietooccipital sulcus. PVA is defined as the area including one gyrus above and one gyrus below the
calcarine fissure. For the lateral surface (right), the border between the two lobes is delineated by a guideline connecting the parietooccipital fissure
and the superior temporal sulcus on the most anterior slice of occipital lobe (The guideline is shown in red).
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(b)

parietooccipital sulcus

S

(d)

201

Fig. 2. Sagittal and coronal MR images showing delineation of PVA and VAA. (a) The rater identifies the parietooccipital sulcus and the calcarine
fissure on the midsagittal plane. (b) The yellow lines are the guidelines extending the sulcal courses used to delineate PVA and VAA. (c) On a coronal
slice PVA and VAA are delineated by referring to the guidelines (yellow dots). In part B, here shown as yellow dots. On the lateral surface, the parietal
lobe and occipital lobe are operationally separated by extending the guideline (the red dot) horizontally and medially across the tissue bridge of white
matter horizontally and medially up to the intraparietal sulcus. (d) A coronal view of PVA and VAA delineation. White matter and gray matter were
shown in light yellow and light blue respectively. The gray matter of PVA is shown in orange (subject left) and purple (subject right). The gray matter

of VAA is shown in red (subject left) and blue (subject right).

and VAA computed as [(absolute volume)/(ICC)] % 100
for ROI analysis. To examine whether or not the ROI
volumes were normally distributed, Shapiro—Wilk tests
(Shapiro and Wilk, 1965) were performed for each ROI

in both groups. To determine whether or not certain ROIs
were more affected than other ROIs, the ROI volumes
were first converted to Z-scores so that all the ROIs
would be on the same scale. The mean and standard

Table 2
Mean=SD absolute (mml) and relative volume (%) for occipital lobe gray matter in chronic schizophrenia and normal controls
Patients with Schizophrenia (N=25) Nomal Controls (N=28) t df p
Total ICC (mi) 1513.8+105.6 1566.4+140.7 1.52 51 0.134
Left primary visual area 5.65+1.00 5.93+1.03 0.98 51 0.330
: (0.37+0.06) (0.38+0.07) 0.37 51 0.717
Left visual association area 19.06+4.40 22.26+5.16 242 51 0.019
(1.26+0.28) (1.42+0.31) 2.01 51 0.049
Right primary visual area 5.57+0.91 5.79+£1.23 0.72 51 0.477
(0.37+0.05) (0.37%0.08) 0.16 51 0.874
Right visual association area 18.96+4.37 21.94+5.18 224 51 0.029
(1.25+0.27) (1.40+0.31) 1.90 51 0.064

Relative volumes (% total ICC) are in parentheses. Statistical significance levels are computed using #-tests.
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deviation of the control group were used to calculate the
Z-scores. For ROI analysis, the standardized scores were
submitted to a mixed model repeated measure ANOVA
with group (schizophrenia or controls) as a between-
subjects factor, and hemisphere (left or right) and
subdivision (PVA or VAA) as within-subjects factors.

Exploratory analyses were performed, using Spear-
man’s rho, to explore the relationship between volumes
for each ROI, and demographic data, the SAPS and
SANS total scores, as well as for SAPS visual
hallucination scores. Here, all correlations were consid-
ered significant only if they reached p<0.05 (two-
tailed), for both relative and absolute volumes.
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3. Results
3.1. Volume of occipital lobe

Table 2 shows absolute and relative occipital lobe
volumes of patients with schizophrenia and normal
controls. For the 3-factor (2 groupsx2 sidesx2
subdivisions) ANOVA of standardized ROI values (Z-
scores), there was a significant main effect of subdivi-
sion (F[1,51]1=4.08, p=0.05, while there was no
significant main effect of hemisphere (F[1,51]=0.06,
p=0.81), or group (F[1,51]=2.16, p=0.15). There was
also no significant hemisphere-by-subdivision-by-group
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Fig. 3. Scattergram of PVA and VAA relative volumes on the left and right in patients with schizophrenia (circles) and normal control subjects
(triangles). Means are indicated by horizontal lines. *Patients showed bilateral VAA reduction compared with normal controls (F{1,51]=5.05,

p=0.03).
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interaction (F11,51]=0.06, p=0.94). However, there
was a significant subdivision-by-group interaction (F
[1,51]=4.08, p=0.05) but no significant hemisphere-
by-group (F]1,51]=0.06, p=0.81) or hemisphere-by-
subdivision (F]1,51]=0.06, p=0.94) interactions.

To further delineate the subdivision-by-group signif-
icant interaction, follow-up ANOVA was performed for
each subdivision. For PVA, there was no significant
main effect of group (F]1,51]=0.09, p=0.77) or
hemisphere (F11,51]=0.07, p=0.79), and no significant
hemisphere-by-group interaction (F[1,51]1=0.07,
p=0.79). These results suggest that there is no group
difference in PVA bilaterally.

For VAA, there was a significant main effect of group
(F11,51]=5.05, p=0.03) without a significant main
effect of hemisphere (F[1,51]=0.02, p=0.89) or a
significant hemisphere-by-group interaction (F{1,51]=
0.02, p=0.89), indicating that patients showed bilateral
VAA reduction compared with normal controls. The
percentages of relative VAA reduction of patients were
11.4% for the left and 10.7% for the right (Fig. 3).

3.2. Correlations between volume of occipital lobe and
demographic/clinical measurements

In normal controls, age, parental SES, SES, handed-
ness and WAIS-R information subscale scores did not
correlate significantly with occipital lobe volume
(—0.351 <rh0<0.301, 0.07 < p <0.98), with the excep-
tion of a significant negative correlation between SES
and right PVA volume (rtho=-0.522, p=0.004 for
absolute; rho=-0.525, p=0.004 for relative). In
patients with schizophrenia, age, SES, parental SES,
WAIS-R information subscale scores, duration of
illness, and dose (chlorpromazine equivalent) of med-
ication did not correlate significantly with occipital lobe
volume (—0.383 <rho<0.360, 0.07<p<0.98), with
the exception of a significant positive correlation
between WAIS-R information subscale score and left
PVA volume (rho=0.484, p=0.01 for absolute;
rho=0.464, p=0.02 for relative).

In examining the relationships between occipital
lobe volume and psychopathology measures, there
were no significant correlations between ROIs and
SAPS or SANS total scores (—0.386<rho<0.097,
0.07 <p <0.93). For SAPS visual hallucination scores,
we found no significant correlations between the
scores and left PVA volumes or left or right VAA
volumes (—0.251 <rho <0.074, 0.35 <p <0.97). How-
ever there was a significant negative correlation
between right PVA volumes and visual hallucination
scores (rho=-0.632, p=0.009 for absolute; rho=-0.617,

p=0.011 for relative). Because of the results of Spencer
et al. (2003, 2004), t-tests were used for additional (ex-
ploratory) analyses of ROI volume differences between
the 9 patients with and the 7 patients without visual
hallucinations. Of note here, there was a significant
group difference in right PVA gray matter volume (¢
[14]=-2.32, p=0.04), although there were no signifi-
cant differences in the other ROIs (—1.15<¢14]<
—-0.08, 0.27 <p=<0.94). For differences in demogra-
phic/clinical measurements between patients with and
without visual hallucinations, there were no signifi-
cant subgroup differences in chlorpromazine equivalent
({14]=-0.12, p=0.90), age ({[14]=-0.03, p=0.97),
age at symptom onset ({[14]=1.48, p=0.16), duration of
illness ({14]=—0.80, p=0.44), SES (#[14]=-0.38,
p=0.71), parental SES ({14]=0.63, p=0.54) or hand-
edness (¢[14]=1.23, p=0.24).

4. Discussion

The current study examined PVA and VAA gray
matter volumes and investigated correlations between
ROI volumes and clinical symptoms. For PVA gray
matter volume, there was no significant group differ-
ence, while patients with schizophrenia showed signif-
icant VAA gray matter volume reduction, bilaterally,
compared with healthy controls.

There are a small number of previous structural MRI
studies of occipital lobe in schizophrenia. Goldstein
et al. (1999), for example, used a semi-automated meth-
od of cortical parcellation to measure 48 topography
defined brain regions of the entire neocortex and found
no difference in occipital lobe gray matter volume
between 29 patients (12 females) and 26 control subjects
(14 females), although they reported the results of both
genders as one group. In contrast, Andreasen et al.
(1994) used an automated atlas-based dissection of
specific regions without separation for gray and white
matter. They reported a significant difference in
occipital brain tissue volume between 36 male patients
and 48 male controls, while there was no group
difference in female subjects; thus gender differences
in the manifestation of schizophrenia may account for
the reported discrepancies in findings. In addition,
differences in ROI definition and methodology may also
account for the reported discrepancies. For example,
Zipursky et al. (1992) used seven axial MRI sections for
segmentation and found significant gray matter volume
reduction in the occipital lobe in patients. More recently,
Quarantelli et al. (2002) used their own automated
segmentation method of major brain structures accord-
ing to the Talairach atlas and found no group differences
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in occipital lobe between controls and patients with
schizophrenia. However a recent VBM study (Davatz-
kikos et al., 2005) reported reduced gray matter in
occipital lobe areas in patients with schizophrenia.

Another possible reason for inconsistent findings is
that occipital lobe volume reduction may be just at the
threshold for MRI detection, and hence whether
statistical significance is found may depend heavily on
the subject group evaluated. As reviewed by Shenton
et al. (2001), the left superior temporal gyrus (STG) gray
matter reduction is the most frequently reported MRI
finding in patients with schizophrenia; thus the left STG
reduction is thought to be most common affected region
across individuals in schizophrenia, while occipital lobe
reduction is relatively less common across individuals.
Random variation in subjects may therefore account
for inconsistent findings in the occipital lobe in
schizophrenia.

The current study suggests that the primary visual
area was relatively intact in schizophrenia compared to
the association area. Pearlson et al. (1996) highlights the
importance of structural abnormalities in schizophrenia
in heteromodal association cortex. Our current finding
that PVA did not differ between groups may partially
support this hypothesis since our PVA is mainly
unimodal primary sensory cortex. In a postmortem
study by Selemon et al. (1995), these investigators
found neuronal density increase in pyramidal layers III
and V, with a trend-level cortical thickness reduction in
Brodmann area 17 in patients with schizophrenia. Of
note here, our current finding may not conflict
completely with their finding since cortical thickness

reduction was trend-level and it remains unclear how

cortical thickness relates to cortical gray matter volume.

With respect to clinical- correlations, although
exploratory, increased severity of visual hallucinations
was significantly associated with smaller right PVA
volumes in patients with schizophrenia. Of further note,
a recent case report of a patient with brain infarction in
the right medial occipital lesion showed visual halluci-
nations (Beniczky et al., 2002). Moreover, there was a
case report that a patient with brain infarction in the
region of the calcarine fissure showed visual hallucina-
tions (Merabet et al., 2003). Although there were no
significant group differences observed for PVA gray
matter volume, ¢-tests comparing the 9 patients with and
the 7 patients without visual hallucinations showed a
significant group difference in right PVA gray matter
volume. To the best of our knowledge, our study is the
first structural MRI study that indicates a significant
association between the occipital lobe and visual
hallucinations in patients with schizophrenia. In con-

junction with findings of case reports and our results, the
PVA might be crucial for visual hallucinations.
However, this exploratory finding warrants confirma-
tion in a larger sample.

In reviewing the current study, it is important to point
out several possible limitations. First, the current study
cannot answer the question of whether the volume
reduction observed is associated with progressive in the
peri- and/or post-onset course of illness, or whether it is
neurodevelopmental in origin, or perhaps a combination
of both. It will thus be important to investigate whether
VAA gray matter volume undergoes a progressive
decrease over a period of 1.5 years following first
hospitalization, as we have found for superior temporal
gyrus (Kasai et al., 2002). Second, the current study also
did not allow us to exclude the effect of chronic
treatment with neuroleptic medication on VAA gray
matter abnormalities in patients (although no volume
measure correlated with neuroleptic dosage), nor did we
demonstrate specificity to schizophrenic psychosis, as
we did not include another psychosis group. It will thus
be important to investigate whether VAA abnormality is
observed or not in patients with schizophrenia and
affective psychosis at their first hospitalization, with
minimal or no medication history. Third, this study does
not provide the answer as to whether female patients
show gray matter volume abnormality of VAA or not,
since this study did not include any female subjects.
Gender effects thus remain to be examined. Finally, an
association between the occipital lobe and visual
hallucinations should be confirmed in a larger sample,
since visual hallucination scores were available in a part
of the patients with schizophrenia of the present study.

In summary, the present study used consistent
neuroanatomical boundaries for defining PVA and
VAA, using three-dimensional information from MRI
scans. These results suggest that patients with schizo-
phrenia have relatively intact PVA and reduced bilateral
VAA, which may be the substrate of some of the deficits
observed in early visual processing.

Acknowledgments

This study was supported, in part, by the Department
of Veterans Affairs Merit Awards and Research
Enhancement Award Program (Drs. McCarley and
Shenton), grants from the National Institute of Health
(RO1 MH 40799 to Dr. McCarley and K02 MH 01110
and RO1 MH 50747 to Dr. Shenton), the MIND Institute
(Albuquerque, NM, Dr. McCarley) a VA Career Award
(Dr. Frumin), in part from the National Alliance for
Medical Image Computing (NAMIC), funded by the



T. Onitsuka et al. / Schizophrenia Research 92 (2007) 197-206 205

National Institutes of Health through the NIH Roadmap
for Medical Research, Grant U54 EB005149 (Dr.
Kikinis), and the Welfide Medicinal Research Founda-
tion, Osaka, Japan (Dr. Onitsuka). The authors grate-
fully acknowledge the administrative support of Marie
M. Fairbanks and Nancy Maxwell, and the research
assistant support of Lisa C. Lucia, B.S., Meredith C.
Klump, B.A., and Sarah M. Rabbitt, B.A.

References

Amunts, K., Malikovic, A., Mohlberg, H., Schormann, T., Zilles,
K., 2000. Brodmann’s areas 17 and 18 brought into stereotaxic
space—where and how variable? Neurolmage 11, 66-84.

Andreasen, N.C,, 1981. Scale for the Assessment of Negative Symp-
toms (SANS). Department of Psychiatry, University of lowa
College of Medicine, Iowa City, IA

Andreasen, N.C., 1984. Scale for the Assessment of Positive
Symptoms (SAPS). Department of Psychiatry, University of
Iowa College of Medicine, Iowa City, IA

Andreasen, N.C., Flashman, L., Flaum, M., Amdt, S., Swayze I, V.,
O’Leary, D.S., Ehrhardt, J.C., Yuh, W.T., 1994. Regional brain
abnormalities in schizophrenia measured with magnetic resonance
imaging. JAMA 272, 1763-1769.

Beniczky, S., Keri, S., Voros, E., Ungurean, A., Benedek, G., Janka,
Z., Vecsei, L., 2002. Complex hallucinations following occipital
lobe damage. Eur. J. Neurol. 9, 175-176.

Bilder, R.M., Wu, H,, Bogerts, B., Degreef, G., Ashtari, M., Alvir, .M.,
Snyder, P.J., Lieberman, J.A., 1994. Absence of regional hemi-
spheric volume asymmetries in first-episode schizophrenia. Am. J.
Psychiatry 151, 1437-1447.

Bilder, R.M., Wu, H., Bogerts, B., Ashtari, M., Robinson, D., Woemer,
M., Lieberman, J.A., Degreef, G., 1999. Cerebral volume
asymmetries in schizophrenia and mood disorders: a quantitative
magnetic resonance imaging study. Int. J. Psychophysiol. 34,
197-205.

Butler, P.D., Schechter, I., Zemon, V., Schwartz, S.G., Greenstein, V.C.,

Gordon, J., Schroeder, C.E., Javitt, D.C., 2001. Dysfunction of -

early-stage visual processing in schizophrenia. Am. J. Psychiatry
158, 1126-1133.

Butler, P.D., Zemon, V., Schechter, 1., Saperstein, A.M., Hoptman,
M., Lim, K.O., Revheim, N., Silipo, G., Javitt, D.C., 2005.

Early-stage visual processing and cortical amplification deficits in

schizophrenia. Arch. Gen. Psychiatry 62, 495-504.

Davatzkikos, C., Shen, D., Gur,R.C., Wy, X, Liu, D., Fan, Y., Hughett,
P., Turetsky, B.I., Gur, R.E., 2005. Whole-brain morphometric
study of schizophrenia revealing a spatially complex set of focal
abnormalities. Arch. Gen. Psychiatry 62, 1218—1227.

Doniger, G.M., Foxe, J.J., Murray, M.M., Higgins, B.A., Javitt, D.C.,
2002. Impaired visual object recognition and dorsal/ventral stream
interaction in schizophrenia. Arch. Gen. Psychiatry 59, 1011-1020.

Duvemoy, H.M., 1991. The Human Brain: Surface, Three-Dimen-
sional Sectional Anatomy and MRI. Springer-Verlag, Wien New
York.

Giuliani, N.R., Calhoun, V.D., Pearlson, G.D., Francis, A., Buchanan,
R.W.,, 2005. Voxel-based morphometry versus region of interest: a
comparison of two methods for analyzing gray matter differences
in schizophrenia. Schizophr. Res. 74, 135-147.

Goldstein, J. M., Goodman, J.M., Seidman, L.J., Kennedy, D.N,,
Makris, N., Lee, H., Tourville, J., Caviness Jr., V.S., Faraone, S.V,,

Tsuang, M.T., 1999. Cortical abnormalities in schizophrenia
identified by structural magnetic resonance imaging. Arch. Gen.
Psychiatry 56, 537-547.

Gur, RE., Turetsky, B.1, Cowell, P.E., Finkelman, C., Maany, V.,
Grossman, R.I, Amold, S.E., Bilker, WB., Gur, R.C., 2000.
Temporolimbic volume reductions in schizophrenia. Arch. Gen.
Psychiatry 57, 769-775.

Hirayasu, Y., McCarley, R.W., Salisbury, D.F., Tanaka, S., Kwon, 1.S.,
Frumin, M., Snyderman, D., Yurgelun-Todd, D., Kikinis, R., Jolesz,
F.A., Shenton, M.E,, 2000. Planum temporale and Heschl gyrus
volume reduction in schizophrenia: a magnetic resonance imaging
study of first-episode patients. Arch. Gen. Psychiatry 57, 692-699.

Hirayasu, Y., Tanaka, S., Shenton, M.E., Salisbury, D.F., DeSantis, M.A.,
Levitt, 1.J., Wible, C., Yurgelun-Todd, D., Kikinis, R., Jolesz, F.A.,
McCarley, R.W., 2001. Prefrontal gray matter volume reduction in
first episode schizophrenia. Cereb. Cortex 11, 374-381.

Kasai, K., Shenton, M.E., Salisbury, D.F., Hirayasu, Y., Lee, C.-U.,
Ciszewski, A.A., Yurgelun-Todd, D., Kikinis, R., Jolesz, F.A.,
McCarley, R.W., 2002. Progressive decrease of left superior
temporal gyrus gray matter volume in first-episode schizophrenia.
Am. J. Psychiatry 160, 156—164.

Keri, S., Kelemen, O., Benedek, G., Janka, Z., 2004. Vernier threshold
in patients with schizophrenia and in their unaffected siblings.
Neuropsychology 18, 537-542.

Kubicki, M., Shenton, M.E., Salisbury, D.F., Hirayasu, Y., Kasai, K.,
Kikinis, R., Jolesz, F.A., McCarley, RW., 2002. Voxel-based
morphometric analysis of gray matter in first episode schizophre-
nia. Neurolmage 17, 1711-1719.

McCarley, R.W., Wible, C.G., Frumin, M., Hirayasu, Y., Levitt, J.J.,
Fischer, 1.A., Shenton, M.E., 1999. MRI anatomy of schizophre-
nia. Biol. Psychiatry 45, 1099-1119.

Merabet, L.B., Kobayashi, M., Barton, J., Pascual-Leone, A., 2003.
Suppression of complex visual hallucinatory experiences by
occipital transcranial magnetic stimulation: a case report. Neuro-
case 9, 436—440.

Molina, V., Gispert, J.D., Reig, S., Sanz, J., Pascau, J., Santos, A.,
Desco, M., Palomo, T., 2005. Cerebral metabolic changes induced
by clozapine in schizophrenia and related clinical improvement.
Psychopharmacology 178, 17-26.

O’Donnell, B.F., Swearer, J.M., Smith, L.T., Nestor, P.G., Shenton,
M.E., McCarley, R.W., 1996. Selective deficits in visual
perception and recognition in schizophrenia. Am. J. Psychiatry
153, 687-692.

Onitsuka, T., Shenton, M.E., Salisbury, D.F., Dickey, C.C., Kasai, K.,
Toner, S.K., Frumin, M., Kikinis, R., Jolesz, F.A., McCarley, R W.,.
2004. Middle and inferior temporal gyrus gray matter volume
abnormalities in chronic schizophrenia: an MRI study. Am. J.
Psychiatry 161, 1603-1611.

Pearlson, G.D., Petty, R.G., Ross, C.A,, Tien, A.Y., 1996. Schizo-
phrenia: a disease of heteromodal association cortex? Neuropsy-
chopharmacology 14, 1-17.

Quarantelli, M., Larobina, M., Volpe, U., Amati, G., Tedeschi, E.,
Ciarmiello, A., Brunetti, A., Galderisi, S., Alfano, B., 2002.
Stereotaxy-based regional brain volumetry applied to segmented
MRI: validation and results in deficit and nondeficit schizophrenia.
Neurolmage 17, 373—-384.

Selemon, L.D., Rajkowska, G., Goldman-Rakic, P.S., 1995. Abnor-
mally hlgh neuronal density in the schizophrenic cortex. A
morphometric analysis of prefrontal area 9 and occipital area 17.
Arch. Gen. Psychiatry 52, 805-818.

Shapiro, S.S., Wilk, M.B., 1965. An analysis of variance test for
normality (complete samples). Biometrika 52, 591-611.



206 T. Onitsuka et al. / Schizophrenia Research 92 (2007) 197-206

Shenton, M.E., Dickey, C.C., Frumin, M., McCarley, R.W., 2001. A
review of MRI findings in schizophrenia. Schizophr. Res. 49,
1-52.

Silbersweig, D.A., Stern, E., Frith, C., Cahill, C., Holmes, A.,
Grootoonk, S., Seaward, J., McKenna, P., Chua, S.E., Schnorr, L.,
Jones, T., Frackowiak, R.S.J., 1995. A functional neurcanatomy of
hallucinations in schizophrenia. Nature 378, 176—179.

Spencer, K.M., Nestor, P.G., Niznikiewicz, M.A., Salisbury, D.F,,
Shenton, M.E., McCarley, R.W., 2003. Abnormal neural synchro-
ny in schizophrenia. J. Neurosci. 23, 7407-7411.

Spencer, K.M., Nestor, P.G., Perlmutter, R., Niznikiewicz, M.A.,
Klump, M.C., Frumin, M., Shenton, M.E., McCarley, R.W,,
2004. Neural synchrony indexes disordered perception and
cognition in schizophrenia. Proc. Natl. Acad. Sci. U. S. A. 101,
17288-17293.

Tek, C., Gold, J., Blaxton, T., Wilk, C., McMahon, R.P., Buchanan,
R.W,, 2002. Visual perceptual and working memory impairments
in schizophrenia. Arch. Gen. Psychiatry 59, 146—153.

Tootell, R.B., Dale, A.M., Sereno, M.I, Malach, R., 1996. New image
from human visual cortex. Trends Neurosci. 19, 481-489.

Van Essen, D.C., Drury, H.A., 1997. Structural and functional analyses
of human cerebral cortex using a surface-based atlas. J. Neurosci.
17, 7079-7102.

Weiss, A.P,, Heckers, S., 1999. Neuroimaing of hallucinations: a
review of the literature. Psychiatry Res. 92, 61-74.

Wells, W., Grimson, W., Kikinis, R., Jolesz, F.A., 1996. Adaptive
segmentation of MRI data. IEEE Trans. Med. Imag. 15, 429442,

Zipursky, R.B., Lim, K.O., Sullivan, E.V,, Brown, B.W., Pfefferbaum,
A., 1992, Widespread cerebral gray matter volume deficits in
schizophrenia. Arch. Gen. Psychiatry 49, 195-205.



