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Summary. Twenty patients with schizophrenia and ten
normal control subjects underwent magnetic resonance
imaging of the brain. The volumes of several brain struc-
tures were measured using a computer image analysing
system. The schizophrenic patients had significantly
smaller left parahippocampal volume and larger left
temporal horn volume than the control subjects. A
larger body of the right lateral ventricle could be esti-
mated in the schizophrenics, but this difference was not
significant. In the patient group a non-significant nega-
tive correlation was established between the presence of
positive symptoms and the left temporal horn volume.
There was no significant correlation between the tem-
poral horn and temporal lobe or medial temporal struc-
tures. Our results indicate that the left medial temporal
structure or left temporal lobe may be involved in schizo-
phrenia and that temporal horn enlargement does not
simply represent volume loss of the surrounding tissue.
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Introduction

Many findings from different studies have provided evi-
dence of structural abnormalities in the schizophrenic
brain. Among them, the presence of large cerebral ven-
tricles on pneumoencephalograms (Haug 1982) and com-
puted tomography (CT) scans (Johnstone et al. 1976) has
been demonstrated conclusively. Studies of cortical sulcal
enlargement in schizophrenia have also been reported
(Weinberger et al. 1979; Shelton et al. 1988), but this
finding has been less consistent than ventricular enlarge-
ment. These findings suggest that somewhere in the
brain there has been either a loss of tissue or a failure of
development. Two regions of the brain which have been
widely investigated from a neuropathological viewpoint
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are the temporal lobe and the prefrontal lobe. Recent
postmortem (Bogerts et al. 1983) and neuroimaging
(DeLisi et al. 1988) brain studies have reported some
morphological anomalies mainly in the medial temporal
region. These structural imaging methods seem to be
less sensitive in determining prefrontal pathology than
other functional imaging studies such as regional cere-
bral blood flow (Weinberger et al. 1986) or glucose utili-
zation (Buchsbaum et al. 1990).

Magnetic resonance imaging (MRI) makes it possible
in living young subjects to determine brain pathology
that has previously been observable only in neuroana-
tomical studies of postmortem brains. In comparison
with CT, MRI provides finer spatial resolution and
allows imaging in multiple planes. Moreover, a com-
puter image analysing system provides several advan-
tages for quantifying of structural brain volumes, includ-
ing contrast enhancement, image magnification, and
automated edge detection.

This article describes our initial experience with MRI
volumetric study in schizophrenics and healthy controls.
In this study, we measured several brain structures using
a computer image analysing system to investigate the
morphological changes in the schizophrenic brain, and
examined the relationship between structural changes
and clinical symptoms in the patients. In addition, we
analysed whether any structural changes were correlated
with each other.

Subjects and Methods

Twenty right-handed male patients were recruited from the in-
patient and outpatient facilities of the Department of Neuro-
psychiatry, Kanazawa University Hospital. The mean age of the
patients was 28.5, SD 5.5 (range 20-38) years, mean education
level 14.3, SD 1.8 (range 11-16) years, mean height 171.3, SD 4.6
(range 162-178) cm, and mean weight 65.8, SD 11.0 (range 49-85)
kg. The patients satisfied DSM-III-R (American Psychiatric As-
sociation 1987) criteria for schizophrenia (n = 19) or schizophreni-
form disorder (n =1, who was diagnosed as having schizophrenia
afterwards). The mean age at the time of their initial psycho-



pathology was 21.8, SD 3.9 (range 15.3-29.5) years, and the mean
duration of illness was 80.6, SD 58.9 (range 2-192) months. All
the patients had received neuroleptic treatment. Their mean chlor-
promazine equivalent dose was 783.9, SD 972.2 (range 33-3600)
mg/day during the study. They had no history of electroconvulsive
therapy prior to the study. No patient with a history of alcohol,
other drug abuse, or neurological disease was included in the
study.

The age-matched control group consisted of ten right-handed
male volunteers, who ranged in age from 25 to 37 years with a
mean age of 30.0, SD 4.2 years. Their mean educational level was
more than 18 years, and all were graduates of a medical university.
The mean height of the control subjects was 171.2, SD 4.7 (range
165-177) cm and the mean weight was 62.0, SD 4.7 (range 57-70)
kg. None had a history of serious medical, neurological, or psychi-
atric illness. All the patients and volunteers gave informed consent
to participate in this study.

MRI Scans

Brain images were acquired on a 1.5 T General Electric Sigma
MRI scanner. A 28-cm crossed-ellipse head coil was used which
provided high resolution images of the brain. An initial 3-mm
sagittal series was used for slice orientation and midsagittal mea-
surement, by identifying the anterior commissure-posterior com-
missure line. T1-weighted coronal slices through the temporal lobe
structure were collected at an angle approximately vertical to the
anterior-posterior commissure line [repetition time (TR), 500 ms;
echo time (TE), 20ms; effective slice thickness, Smm without
separation; field of view (FOV), 20 cm]. Finally, T1-weighted axial
slices were obtained through the entire brain, approximately par-
allel to the anterior commissure-posterior commissure line (TR,
500ms; TE, 20 ms; effective slice thickness, 5 mm without separa-
tion; FOV, 20 cm).

Morphometric measurements were performed using an Avio
Color Image Processor (SPICA-II, Nippon Avionics, Tokyo) that
consists of a light box, a video camera, and an image processor
within the computer. Areas so defined were summed across slices
and multiplied by slice thickness to gbtain structural volumes. All
measurements were performed under blind conditions and cases
were ordered randomly. The following regions of interest were
quantified bilaterally.

Total hemispheric volume. Twenty-four consecutive coronal and
axial sections were obtained. The total hemispheric volume was
calculated by combining the coronal measurements (from the
genu to the splenium of the corpus callosum) with the axial mea-
surements (prefrontal portion and occipital portion) because the
axial sections lacked a considerable area near the vertex, while the
coronal sections lacked two adjacent areas to the frontal and oc-
cipital poles.

Prefrontal volume. In the axial slices, the prefrontal area was mea-
sured from the frontal pole to the manipulated boundary anterior
to the genu of the corpus callosum.

Total temporal volume. The total temporal areas were measured in
coronal sections from the anterior pole to the most caudal section
anterior to a section in which the posterior horn of the lateral ven-
tricle was visualized. In the caudal part of the temporal lobe, the
medial boundary was defined by drawing a straight line from the
medial tip of the lower limb of the sylvian fissure to the lateral tip
of either the hippocampal or entorhinal fissure.

Limbic structural volume. The posterior extension of the amygdala
and the anterior parts of the hippocampus could not be demarcated
reliably. Among all sections that made up the total temporal
volume, two consecutive sections in which the amygdala appeared
obviously were measured as the amygdala volume, and subsequent
caudal sections were also measured as the hippocampal volume.
The parahippocampal gyrus was measured in all' sections that

269

made up the amygdala and hippocampal volume. The amygdala
volume consisted of a grey matter region, with the temporal horn
or white matter as the medial, inferior and lateral boundary, and
the cortical surface as the superior boundary. The medial portion
of the amygdala was demarcated by the white matter from the
uncal cortex that was included in the parahippocampal volume.
The hippocampal volume included the dentate gyrus and the subic-
ulum. The boundary between the subiculum and the parahippo-
campal gyrus was defined as the most medial portion of the subic-
ulum-parahippocampal gyrus junction. The parahippocampal volume
consisted of the gyral and sulcal components of the parahippocam-
pal grey matter.

Lateral or third ventricle volume. The lateral ventricle and the third
ventricle volumes were measured in each coronal section in which
they appeared. Then we divided this lateral ventricle volume into
four anatomical parts (i.e. the anterior horn, body, posterior horn
and temporal horn). The most caudal section of the anterior horn
showed the interventricular foramen. The most rostral section of
the posterior horn was an adjacent section posterior to the genu of
the corpus callosum, which contained the junction of the ventricle
from the body to the temporal horn.

Corpus callosum area. The midsagittal slices that gave the clearest
outline of the corpus callosum were used for measurement.

To assess the reliability of the MRI measurements, prefrontal
and temporal regions of ten brains were measured by a second
rater (inter-rater reliability) and again by the first rater (test-retest
reliability). The average interclass correlation values for inter-
rater and test-retest reliability were 0.792 and 0.804 respectively.

Clinical symptoms were assessed by two psychiatrists using the
Positive and Negative Syndrome Scale (PANSS) of Kay and Opler
(1991) within 2 weeks of the MRI study, with each mean score
adopted.

Statistical Analysis

The Mann-Whitney U test was applied between the patient and
control groups. Kendall’s rank correlation coefficient was used be-
tween MRI variables and general characteristics or clinical symp-
toms, and among the MRI variables. Bonferroni adjustment of
alpha-error required P <<0.00227 (0.05:22 regions) as the level of
statistical significance. We adjusted the criterion of significance to
P <0.0025 and that indicating trends to P < 0.005.

Results

Comparison of Schizophrenics and Controls

As shown in Table 1, the schizophrenic patients had a
significantly smaller left parahippocampal volume (P =
0.0016) and larger left temporal horn (P=0.0001) on
MRI than the control subjects. Furthermore, a larger
body of the right lateral ventricle (P = 0.0042) could be
estimated in the patients, but this difference was not sig-
nificant.

Correlation Between MRI Variables
and General Characteristics or Clinical Symptoms

In both the patient and control groups, no MRI variable
correlated with age, education level, height, body weight,
age at the onset of illness, duration of illness, or chlor-
promazine equivalent dose. In the patient group, a non-
significant negative correlation coefficient was obtained
between the positive symptom score on PANSS and the
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Table 1. Comparison of MRI measurements in schizophrenics and
controls

Regions Schizophrenics Controls
Mean (SD) Mean (SD)
Total hemispheric volume (cm®)
Left side 486.5 (37.8) 510.3 (34.1)
Right side 496.4 (41.8) 519.2 (40.3)
Prefrontal volume (cm®)
Left side 57.9 (7.1} 68.0(10.0)
Right side 62.4 (8.9) 69.1 (9.7)
Total temporal volume (cm®)
Left side 61.8 (5.8) 62.9 (7.2)
Right side 64.2 (6.9) 64.6 (8.0)
Limbic structural volume
Amygdala volume (cm?)
Left side 1.66 (0.23) 1.90 (0.22)
Right side 1.81 (0.25) 2.02 (0.18)
Hippocampal volume (cm?)
Leftside 2.02 (0.30) 1.94 (0.27)
Right side 2.17 (0.44) 2.05 (0.45)
Parahippocampal volume (cm?®)
Left side 172 021y  1.97 (0.15)
Right side 1.83 (0.30) 1.96 (0.26)
Lateral ventricle volume
Anterior horn (cm?®)
Left side 3.38 (1.03) 2.84 (1.13)
Right side 3.15 (1.18) 2.58 (0.87)
Body (ecm?)
Left side 3.03 (0.96) 2.04 (1.03)
Right side 279 (0.96)*  1.65 (0.77)
Posterior horn (cm?)
Left side 3.07 (1.17) 250 (0.80)
Right side 270 (1.13) 1.98 (1.09)
Temporal horn (cm®)
Left side 0.55 (0.27y%  0.20 (0.10)
Right side 0.60 (0.25) 0.43 (0.23)
Third ventricle volume (cm®) 1.51 (0.50) 1.21 (0.30)
Corpus callosum area (cm?) 6.02 (0.73) 6.07 (0.41)

SD, Standard deviation
* P < 0.005; ** P < 0.0025 compared with controls by Mann-
Whitney U test

left temporal horn volume (r= —0.467, P=0.004). To
estimate the relationship between the temporal horn and
surrounding structures in the schizophrenic brain, we
calculated the correlation coefficients between temporal
horn volume and the volumes of the amygdala, hippo-
campus, parahippocampus and total temporal lobe. None
of these coefficients was statistically significant.

Discussion

Our volumetric study using MRI demonstrated a de-
creased left parahippocampal volume in patients with
schizophrenia. This finding is in agreement with recent
neuropathological postmortem studies (Jakob and Beck-
mann 1986; Falkai et al. 1988; Altshuler et al. 1990)

which have emphasized medial temporal structures as the
sites of the principal abnormalities in schizophrenia. Re-
cent MRI studies have reported morphological changes
in the amygdala (Barta et al. 1990) or hippocampus
(Bogerts et al. 1990). More recently, Shenton et al.
(1992) reported a more precise MRI volumetric study.
In their study there was a lateralized (left-sided) decrease
in the volume of the anterior hippocampus-amygdala
and parahippocampal gyrus. Our data replicated their
findings in the left parahippocampal gyrus, however, our
study did not confirm morphological changes in the
amygdala (P=0.01 on the left side, statistically insig-
nificant) or hippocampus.

Our study also demonstrated that the left temporal
horn was significantly enlarged and that the right body of
the lateral ventricle showed a statistically insignificant
tread to increased volume in schizophrenia. Previous CT
and MRI studies have established that increased ventric-
ular size is the most prevalent finding in the schizophren-
ic brain (Andreasen et al. 1990; Daniel et al. 1991).
Crow et al. (1989) considered asymmetrical enlargement
of the left temporal horn to be important in the patho-
genesis of schizophrenia. The most statistically signifi-
cant finding of our study is left temporal horn enlarge-
ment in the patient group. Although our statistical de-
sign could not directly deal with asymmetrical differ-
ences between the patients and controls, our findings
indicate discrete pathology in the left medial temporal
structures.

Pakkenberg et al. (1987) reported hemispheric volume
reduction in schizophrenic postmortem brain, where-
as Heckers et al. (1991) found no significant volume
changes of hemisphere in schizophrenics. In our study
no statistically significant difference was found between
patient and control groups in either hemisphere. Owing
to our methodological limitation in the MRI system, we
calculated the total hemispheric volume by combing the
coronal images with the axial images. Therefore, there is
the possibility that our less precise assessment over-
looked subtle abnormality of the total hemispheric vol-
ume.

Smaller frontal lobes (Andreasen et al. 1986) and
smaller left frontal lobe (De Myer et al. 1988) could not
be confirmed in this study (P =0.012 on the left side,
statistically insignificant). As in our prefrontal measure-
ment, except for coronal measurement, Suddath et al.
(1989) also failed to demonstrate a smaller prefrontal
volume. The assessment of the prefrontal volumes is
likely to be highly variable, if the maniplated boundary
is defined as anterior to the genu of the corpus callosum.
Normal right-handed subjects, for instance, have ana-
tomical asymmetry with the left prefrontal length shorter
than the right prefrontal length, whereas schizophrenic
patients have inverse asymmetry in the prefrontal region
(Luchins et al. 1979). 1t is conceivable that this inverse
asymmetry could overshadow subtle volumetric changes.
It is possible that further refinements in measurement
will demonstrate these subtle changes.

The finding of an association between structural
changes and schizopbrenic symptoms remains prelimi-
nary but is gaining support. Associations between fron-



tal lobe atrophy and negative symptoms (Uematsu and
Kaiya 1989; Andreasen et al. 1990) and between tem-
poral lobe atrophy and positive symptoms (Barta et al.
1990) have been reported. Negative symptoms were not
correlated with any MRI variables in this study. In our
study, however, there was a statistically insignificant
trend indicating that patients with a larger left temporal
horn volume show less severe positive symptoms as
assessed by the PANSS. The failure to detect strong
associations between clinical symptoms and cerebral ab-

normalities may reflect some difficulty in evaluating clin-

ical symptoms. For example, by means of the PANSS,
Kay et al. (1986) suggested that the good prognosis con-
veyed by an carly negative profile seems to reverse in
the chronic phase, at which point a negative syndrome
carries the expected ominous implications. Pharmaco-
logical studies have also indicated that the difference in
the distribution of the antipsychotic response in schizo-
phrenics suggests at least two populations (i.e. neuro-
leptic responders and non-responders; Smith et al. 1979;
Garver et al. 1984). For example, some schizophrenic
patients with substantially higher doses of medication
have not stopped hallucinating or experiencing delusions
which are generally improved by neuroleptic treatment.
Further studies about the role of brain structure in pro-
ducing clinical symptoms should take into account these
clinical heterogeneities.

Suddath et al. (1989) presented evidence for a reduced
volume of the temporal lobe, which was inversely corre-
lated with the area of the temporal horn. Shenton et al.
(1992) also reported that the volume of the temporal
horn correlated negatively with that of the left para-
hippocampal gyrus. Bogerts et al. (1990), however, did
not replicate this correlation and suggested that the lack
of this correlation is consistent with a developmental dis-
turbance or hypoplasia rather than with progressive de-
generative tissue loss. In our study, in accordance with
Bogerts et al., there was no significant correlation be-
tween the left temporal horn and temporal lobe or
medial temporal structures. The possibility exists that
the volumetric study makes these relationships more
intricate as a result of continuous shape changes among
the slices. We further calculated Kendall’s tau between
the temporal horn area and the area of the temporal lobe
or limbic structural areas (i.e. amygdala, hippocampus,
or parahippocampus) on two different slices each where
the amygdala or the hippocampal formation respectively
was most visible. There was also no significant correla-
tion among these variables. Our results indicate that
temporal horn enlargement does not simply represent
volume loss of the surrounding tissue. Even if volumetric
tissue changes are present in the schizophrenic brain,
shape deviation should be considered when interpretat-
ing ventricular enlargement. Moreover, the asymmetri-
cal pattern of normal human brain development (Chi et
al. 1977) would provide an explanation for the structural
changes seen in the brains of schizophrenics.

Medial temporal structures have been shown-to be
involved in supramodal sensory integration and asso-
ciation at the highest neuronal level. Some physiological
investigations as well as our SPECT study (Kawasaki et
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al. 1992) reported increased function in the temporal
lobe (DeLisi et al. 1989) or medial temporal structure
(Musalek et al. 1989). There is an intriguing relation-
ship, suggesting that reduced volumes of the medial tem-
poral structures reveal increased functional activity. This
relationship is quite different from the neurodegenera-
tive process in which reduced volume of brain structures
reflects decreased functional activity (Pearlson et al.
1992). The precise relationship between these anatomi-
cal findings, functional changes and clinical symptoms
should be elucidated by further studies.
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