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Objective: Magnetic resonance imaging (MRI) studies of schizophrenic patients have
revealed structural brain abnormalities, with low volumes of gray matter in the left posterior
superior temporal gyrus and in medial temporal lobe structures. However, the specificity to
schizophrenia and the roles of chronic morbidity and neuroleptic treatment in these abnor-
malities remain unclear. Method: Magnetic resonance (1.5-T) scans were obtained from
33 patients with first-episode psychosis and 18 age-matched normal comparison subjects,
all right-handed. Sixteen of the patients were diagnosed with affective disorder and 17 with
schizophrenia. Results: Quantitative volumetric analysis showed that the patients with
first-episode schizophrenia had significantly smaller gray matter volume in the left posterior
superior temporal gyrus than did the patients with first-episode affective psychosis or the
comparison subjects, with a significant left-less-than-right asymmetry. The schizophrenic
patients also showed a smaller gray matter volume of the left posterior amygdala-hippo-
campal complex than the comparison subjects. Both the patients with schizophrenia and
those with affective psychosis had significant left-less-than-right asymmetry of the poste-
rior amygdala-hippocampal complex. Conclusions: These findings suggest that temporal
lobe abnormalities are present at the first hospitalization for schizophrenia and that low vol-
ume of the left posterior superior temporal gyrus gray matter is specific to schizophrenia

compared with affective disorder.
(Am J Psychiatry 1998; 155:1384-1391)

M agnetic resonance imaging (MRI) has been use-
ful in revealing subtle structural brain abnormalities in
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schizophrenic patients, including ventricular enlarge-
ment, low volume in the frontal lobe (e.g., references
1-3) and parietal lobe (e.g., references 4 and 5), and
low gray matter volume in medial temporal lobe struc-
tures (6, 7). The last finding is among the most consis-
tent (see review by Shenton et al. [8]). Several reports
have described low volume of the superior temporal
gyrus (e.g., references 9 and 10) that is more pro-
nounced on the left. The left superior temporal gyrus is
of particular interest to schizophrenia because it is a
cortical area thought to be a substrate of auditory and
language processing (11), domains often impaired in
schizophrenia.

It is unknown whether the brain abnormalities ob-
served with MRI in schizophrenia are confounded by
chronicity or whether there is a continual degenerative
process. Patients with chronic schizophrenia may dem-
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TABLE 1. Characteristics and Test Scores of Patients With First-Episode Schizophrenia or Affective Psychosis and Normal Com-

parison Subjects

Schizophrenic Affective Comparison
Patients Disorder Patients Subjects
(N=17) (N=16) (N=18) One-Factor ANOVA
Characteristic or Test Mean SD Mean SD Mean SD F df p
Age (years)? 26.7 7.5 23.7 4.0 24.0 4.5 1.56 2,48 n.s.
Handedness® 0.7 0.2 0.7 0.2 0.8 0.2 1.07 2,48 n.s.
Socioeconomic status®
Subject 3.1d 14 25 1.3 1.8 0.5 5.75 2,48 <0.01
Parents 2.0d 1.0 15 0.7 1.3 0.8 3.39 2,48 0.04
Mini-Mental State score 28.4 2.8 29.1 14 29.1 0.9 0.80 2,48 n.s.
WAIS-R scores
Information 20.0 6.6 21.6 5.3 23.3 35 1.61 2,48 n.s.
Digits forward 8.0 1.6 9.2 2.8 9.7 2.3 2.38 2,48 n.s.
Digits backward 7.1 2.7 6.8 2.3 8.7 2.5 2.72 2,48 n.s.
GAS score 38.6 11.7 41.2 8.0 0.55 1,31 n.s.
Age at first medication (years) 26.6 7.6 23.5 4.1 2.04 1,31 n.s.
Dose of medication (chlorproma-
zine equivalents per day) 213.6 217.0 197.9 159.4 0.05 1,31 n.s.
BPRS total score 37.7 9.2 33.1 7.8 2.23 1,31 n.s.

aThe age ranges for the three groups were 18-41, 19-32, and 18-34 years, respectively.

b Assessed by a modified Oldfield inventory (29).

¢ Assessed by the Hollingshead index (26). Higher scores indicate lower socioeconomic status.
d Significantly different from comparison group (post hoc Tukey’s honestly significant difference test, p <0.05).

onstrate pathology secondary to chronic treatment
with neuroleptic medication and long-term institution-
alization. Examining first-episode patients can obviate
chronicity-related confounds. Several studies have
evaluated morphometric abnormalities in first-episode
schizophrenia. These studies have shown MRI abnor-
malities similar to those seen in chronic schizophrenia,
including large lateral ventricles (12-15), high rates of
qualitatively evaluated global MRI abnormalities for
several regions (including third ventricle, medial tem-
poral lobe structures, and frontal and parietal cortex
[15]), and low volume of cortical gray matter (16).
However, to our knowledge no study has directly mea-
sured superior temporal gyrus gray matter volume,
and although asymmetry of the superior surface of the
temporal lobe has been observed in patients with first-
episode schizophrenia (17, 18), we know of no reports
of the abnormal volume asymmetries observed in
chronically ill patients (8, 10).

Morphometric MRI studies of patients with affective
disorder have also indicated low volumes in several re-
gions, including the frontal lobe, temporal lobe, and
putamen, although these findings were described as
somewhat inconsistent in a recent review (19). We
know of no study, however, that used quantitative vol-
umetric MRI measures to compare first-episode
schizophrenia with first-episode affective disorder, a
comparison that might highlight abnormalities that are
specific to schizophrenia.

In the present study, the superior temporal gyrus,
amygdala-hippocampal complex, and parahippocam-
pal gyrus were evaluated in psychotic patients with
first-episode schizophrenia or affective disorder and in
a normal comparison group in order to determine
whether a left-lateralized low volume of temporal lobe
structures was present at the first hospitalization for
schizophrenia and is specific to schizophrenia.
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METHOD

Study Groups

Subjects were referred from the McLean/Harvard first-psychosis
project (20) or recruited from the inpatient population of McLean
Hospital. Patients who were entering the hospital for the first time
with psychosis or were being transferred or readmitted within 8
months of the first hospitalization for psychosis were recruited. The
patients and comparison subjects met the following criteria: age 18
to 55 years; 1Q above 75; right-handedness; negative history of sei-
zures, head trauma with loss of consciousness, and neurological dis-
order; and no lifetime history of alcohol or drug dependence. The
comparison subjects had no axis | mental disorder themselves or in
their first-degree relatives.

Diagnoses were based on the Structured Clinical Interview for
DSM-III-R (SCID) (21), review of hospital course, and medical
records. The patient groups consisted of 17 schizophrenia patients
(14 male, three female) and 16 patients with affective disorder (13
male, three female). The diagnoses of the patients with affective dis-
order were bipolar disorder, manic (N=12), bipolar disorder, mixed
(N=2), and major depression (N=2) (the statistically significant re-
sults reported here remained the same after exclusion of the two pa-
tients with major depression). All of the patients exhibited psychosis,
and all of the patients in the schizophrenia group met the diagnostic
criteria for schizophrenia, including a 6-month duration of prodro-
mal symptoms either at initial testing (N=12) or on follow-up (N=5);
four also met the mood criteria for schizoaffective disorder. The me-
dian duration of treatment with any psychotropic medication before
scanning was short: 1.7 months for the schizophrenic patients and
0.0 months for the patients with affective disorder. Neither duration
nor dose of medication was significantly correlated with any MRI
volume measure.

Of the 33 patients scanned, 29 received an MRI within 3 weeks of
entering McLean Hospital, and the remaining four (two with schizo-
phrenia, two with affective disorder) returned after discharge for im-
aging (15 and 22 months for schizophrenia, respectively, and 9 and
18 months for affective disorder). (The statistically significant results
reported in the following remained the same with exclusion of these
four patients.)

An age-matched group of 18 psychiatrically well comparison sub-
jects was recruited through newspaper advertisements; they were as-
sessed with the SCID editions for nonpatients (SCID-NP, 22) and
personality disorders (SCID-II, 23), and the group comprised 16
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FIGURE 1. Regions of Interest Examined in MRI Study of Patients With First-Episode Schizophrenia or Affective Psychosis and

Normal Comparison Subjects?

aThe illustrations are taken from images of a normal subject. Panel A is a 1.5-mm coronal slice of the temporal lobe; the regions of interest
used to evaluate the temporal structures are outlined. The gray matter of the superior temporal gyrus is shown in red (subject left) and
green (subject right); more medially, the amygdala-hippocampal complex is shown in orange (left) and blue (right) with the parahippo-
campal gyrus underneath in pink (left) and purple (right). Panel B is a left lateral view of a three-dimensional reconstruction of the
cortical surface with the anterior superior temporal gyrus (light pink) and posterior superior temporal gyrus (red). An axial magnetic reso-
nance image is used to present top-down views of the three-dimensional reconstruction of the amygdala-hippocampal complex and
parahippocampal gyrus, in panel C, and superior temporal gyrus, in panel D.

men and two women. No subject reported any evidence of psychosis
in first-degree relatives.

All subjects were given the Mini-Mental State (24) to rule out any
dementia or delirium, the information subscale of the WAIS-R (25)
as a gross estimate of general fund of information, and the digits for-
ward and digits backward subscales of the WAIS-R to test immedi-
ate/short-term memory, attention, and concentration. Socioeco-
nomic status and parental socioeconomic status (26) were measured.
Psychosis was assessed by using the Brief Psychiatric Rating Scales
(BPRS) (27), and social functioning was assessed with the Global As-
sessment Scale (GAS) (28); summary data are given in table 1.

After complete description of the study, written informed consent
was obtained. The subjects were paid for participating.

MRI Method

Acquisition and processing. We have elsewhere described the
protocol for obtaining magnetic resonance images on a 1.5-T Gen-
eral Electric scanner (GE Medical Systems, Milwaukee) (10, 30, 31).
The acquisition protocol had two MRI sequences. The first was a
coronal series of contiguous images. The imaging variables were as
follows: TR=35 msec, TE=5 msec, one repetition, 45° nutation an-
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gle, 24-cm field of view, NEX=1.0 (number of excitations), matrix =
256 x 256 (192 phase-encoding steps) x 124. The voxel (volume of
pixel) dimensions were 0.9375x0.9375x1.5 mm. The data were re-
formatted in the coronal plane and analyzed as 124 coronal slices of
1.5-mm thickness. This protocol was used for delineating and mea-
suring temporal lobe regions. The second acquisition resulted in an
axial series of contiguous double-echo (proton density and Ta-
weighted) images. The imaging variables were as follows: TR=3000
msec, TE=30 and 80 msec, 24-cm field of view, and an interleaved
acquisition with 3.0-mm slice thickness. The voxel dimensions were
0.9375x0.9375%3.0 mm. This latter protocol was used to assess
whole-brain volume. To reduce flow-related artifacts and to obtain
low arterial-signal intensity, gradient moment nulling and presatura-
tion of a slab inferior to the head were performed in both the axial
and coronal acquisitions. A semiautomated segmentation procedure
(10) on the axial double-echo slices measured total intracranial con-
tent. An anisotropic diffusion filter (k=14 for SPGR and 90 for pro-
ton/T, images, iteration=3) was used to reduce noise before the pro-
cessing of each set of scans (31).

Regions of interest. The neuroanatomical regions of interest were
the gray matter of the superior temporal gyrus, amygdala-hippocam-
pal complex, and parahippocampal gyrus, which were outlined
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manually on a workstation and are delineated in figure 1A, where
the gray matter of the superior temporal gyrus can be seen. More
medially, the amygdala-hippocampal complex is shown with the
parahippocampal gyrus underneath. Decisions regarding the gyral
boundaries for the superior temporal gyrus were made with the aid
of resliced sagittal magnetic resonance images computed from the
coronal images. All analyses were performed by individuals who
were blind to subject identity, age, and diagnosis. Each region of in-
terest for the superior temporal gyrus, amygdala-hippocampal com-
plex, and parahippocampal gyrus began anteriorly at the slice unam-
biguously depicting the temporal stem and extended posteriorly to
the last slice showing the fornix along the border of the lateral ven-
tricles. This was further subdivided into the anterior and posterior
portions at the first slice including the mammillary bodies. (The
number of slices from the most anterior to the posterior bound did
not differ between the comparison subjects and the patients.) To sep-
arate the gray and white matter of the superior temporal gyrus from
the rest of the temporal lobe, a line was drawn in the deepest points
of the sulci of the superior temporal gyrus (sylvian point and supe-
rior temporal sulcus) for each slice. The internal boundary for the
superior temporal gyrus was always white matter, and the external
bound was CSF. Interrater reliability was computed for all regions of
interest by three raters (Y.H., I.A.F,, and T.K.) with three cases. The
average intraclass correlation coefficients (ICCs) for the three raters
were as follows: superior temporal gyrus, ICC=0.99 (F=6.66, df=2,
11); parahippocampal gyrus, ICC=0.99 (F=11.34, df=2, 11); amyg-
dala-hippocampal complex, ICC=0.95 (F=3.71, df=2, 11).

Statistical Analyses

One-factor analysis of variance (ANOVA) was used to test for
group differences in age, socioeconomic status, parental socioeco-
nomic status, clinical measures, age at first medication, and medica-
tion dose and duration. Age and parental socioeconomic status were
used as covariates for all multivariate analyses of covariance (MAN-
COVAs) and analyses of covariance (ANCOVASs). Volume of the
intracranial content was used to control for differences in head size;
relative volume was computed for specific regions of interest: rela-
tive volume = (region of interest volume/intracranial content vol-
ume) x 100. (Testing absolute volumes with the intracranial content
as a covariate did not change the results reported.) Tests for group
difference in intracranial content were conducted with a one-factor
ANCOVA.

A hierarchical testing strategy was used. The primary analysis was
a mixed-model MANCOVA (Hotelling-Lawley trace) that used rela-
tive volumes and one between-subjects factor, i.e., group (schizo-
phrenic patients, affective disorder patients, and comparison sub-
jects) and three within-subjects factors—subdivision (anterior,
posterior), side (left, right), and region (amygdala-hippocampal
complex, parahippocampal gyrus, and superior temporal gyrus).
This analysis was followed by a three-factor (group, side, and re-
gion) MANCOVA for the anterior and posterior regions and a two-
factor (group and side) MANCOVA for each region (amygdala-hip-
pocampal complex, parahippocampal gyrus, and superior temporal
gyrus). Additionally, follow-up analysis included one-factor AN-
COVA and post hoc Tukey’s honestly significant difference tests for
individual regions with left and right separately. Results were consid-
ered significant at p<0.05. A paired t test was used to assess asymme-
try between left and right volumes. The results did not change when
the four patients with delayed MRI acquisition or the two patients
with major depression were excluded.

RESULTS

Demographic information for each group is summa-
rized in table 1. There were no significant group differ-
ences in age, nor were there significant differences be-
tween the schizophrenic and affective disorder patients
on any of the clinical scale measures, age at first medi-
cation, or medication dose or duration. The patients
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with first-episode schizophrenia showed significantly
lower socioeconomic status than the comparison sub-
jects, consistent with lower premorbid functioning. Pa-
rental socioeconomic status was upper middle class or
above for all groups, but the schizophrenic group had
lower parental socioeconomic status than the compar-
ison subjects. Age and parental socioeconomic status
were used as covariates for all MANCOVAs and AN-
COVAs. The patients’ total score on the BPRS, age at
first medication, and duration of medication did not
correlate with the volume of any temporal lobe region
of interest. There was no significant difference in intra-
cranial content volume among the three groups.

A three-dimensional reconstruction of the cortex
to show the anterior and posterior superior temporal
gyrus is presented in figure 1B. Figure 1 also shows
top-down views of the medial temporal structures
(amygdala-hippocampal complex and parahippocam-
pal gyrus, figure 1C) and the superior temporal gyrus
(figure 1D).

MANCOVA revealed a significant group-by-sub-
division-by-side-by-region interaction (F=3.71, df=4, 88,
p<0.01). Follow-up three-factor MANCOVA showed
a significant group-by-side-by-region interaction in
posterior, but not anterior, regions (F=4.07, df=4, 88,
p<0.01). Two-factor MANCOVA for each posterior
region revealed a significant interaction between group
and side in the posterior superior temporal gyrus (F=
3.40, df=2, 46, p=0.04) and posterior amygdala-hippo-
campal complex (F=4.12, df=2, 46, p=0.02).

One-factor ANCOVA revealed significant group dif-
ferences in relative volume in the left posterior amyg-
dala-hippocampal complex (F=6.60, df=2, 46, p<
0.01); the schizophrenic patients had a smaller volume
than the comparison subjects (Tukey’s honestly signifi-
cant difference test, p<0.05), and the patients with af-
fective disorder did not differ significantly from either
of the other groups (figure 2). The volume of the left
posterior superior temporal gyrus differed among
groups (F=5.32, df=2, 46, p<0.01), and the schizo-
phrenic group had a significantly smaller volume than
the comparison subjects or patients with affective dis-
order (Tukey’s honestly significant difference test, p<
0.05). The schizophrenic patients showed a 13%
smaller volume of the left posterior superior temporal
gyrus and a nearly 15% smaller left posterior amyg-
dala-hippocampal complex than the comparison sub-
jects (figure 3). The absolute and relative gray matter
volumes for each region of interest are presented in ta-
ble 2. Paired t tests indicated that the schizophrenic pa-
tients had significant left-less-than-right asymmetry in
the posterior superior temporal gyrus (t=—3.70, df=16,
p<0.01) and posterior amygdala-hippocampal com-
plex (t=-7.08, df=16, p<0.01). The patients with affec-
tive psychosis showed significant left-less-than-right
asymmetry only in the posterior amygdala-hippocam-
pal complex (t=-3.24, df=15, p<0.01). No left-right
asymmetry was found in the comparison subjects.

1387



SCHIZOPHRENIA AND BRAIN VOLUMES

FIGURE 2. Relative Volumes of the Posterior Superior Temporal Gyrus and Posterior Amygdala-Hippocampal Complex in Patients
With First-Episode Schizophrenia or Affective Psychosis and Normal Comparison Subjects?
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2 Horizontal lines represent means. Open triangles indicate patients with unipolar affective disorder.

DISCUSSION

The gray matter volume of the left posterior superior
temporal gyrus in the patients with first-episode
schizophrenia was lower than that in the patients with
first-episode affective psychosis or the normal compar-
ison subjects; the volume did not significantly differ
between the last two groups. The gray matter volume
of the left posterior amygdala-hippocampal complex
was lower in the schizophrenic patients than in the
comparison subjects but not lower than that in the af-
fective psychosis patients. There was a left-less-than-
right asymmetry in the posterior superior temporal gy-
rus in the patients with first-episode schizophrenia,
consistent with findings of Pearlson et al. (32) and
Shenton et al. (10) for patients with chronic schizo-
phrenia. These findings suggest that temporal lobe
structural abnormalities are present at the time of first
hospitalization for schizophrenia and hence are not
secondary to factors of prolonged, chronic illness.
They further suggest that low gray matter volume in
the left posterior superior temporal gyrus is specific to
schizophrenia, as contrasted with affective psychosis.

The low volume in the left posterior amygdala-hip-
pocampal complex in the patients with first-episode
schizophrenia is different from our findings in chronic
schizophrenia (10) and may be related to differences in
study groups. Although most studies have shown that
low volume is more prominent in the anterior portion
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of the amygdala-hippocampal complex (8), there are
several reports of abnormalities in the posterior por-
tion (6, 33). We did not have sufficient female subjects
to rigorously assess gender differences, such as the re-
port by DeL.isi et al. (18) of less than normal asymme-
try of the surface of the posterior superior temporal gy-
rus in female but not male patients. However, the low
volume of the left posterior superior temporal gyrus
and left posterior amygdala-hippocampal complex
in our schizophrenic patients remained significant
when only male subjects were included in the analysis.
ANCOVA indicated that the statistically significant
lower parental socioeconomic status in the schizo-
phrenic group played no role in the volumetric differ-
ences observed.

In the present study, an asymmetry in the posterior
amygdala-hippocampal complex was the only statisti-
cally significant MRI feature differentiating the pa-
tients with first-episode affective psychosis and the
comparison subjects, although there was a nonsignifi-
cantly lower left hippocampal volume in the affective
psychosis patients. Sheline et al. (34) found that elderly
subjects with a history of major depression had signif-
icantly lower than normal left and right hippocampal
volumes with no difference in total cerebral volume.
As these and other investigators have noted (36), it is
possible that low hippocampal volume in recurrent de-
pression might be secondary to chronicity factors, such
as exposure to high cortisol levels. Pearlson et al. (32)
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FIGURE 3. Percentage by Which Volumes of the Superior Temporal Gyrus and Amygdala-Hippocampal Complex in Patients With
First-Episode Schizophrenia or Affective Psychosis Were Lower Than Those in Normal Comparison Subjects
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a Significantly different from both affective disorder patients and normal comparison subjects (post hoc Tukey’s honestly significant differ-

ence test, p<0.05).

b Significantly different from normal comparison subjects (post hoc Tukey’s honestly significant difference test, p <0.05).

reported that the left amygdala was smaller than nor-
mal and the right anterior superior temporal gyrus
larger than normal in bipolar but not in schizophrenia
patients. However, most magnetic resonance morpho-
metric studies have generally not shown that patients
with affective disorder differ in temporal lobe or me-
dial temporal structures from patients with schizo-
phrenia or normal comparison subjects (5, 36, 37).
Strakowski et al. (38) reported that patients with first-
episode mania had significantly higher third-ventricle
volumes, possibly greater lateral-ventricle volumes,
and less white matter with relatively more gray matter
than comparison subjects, but Strakowski et al. did not
study gray matter volumes of the amygdala-hippocam-
pal complex and superior temporal gyrus. In compar-
ing the results of various MRI studies (including the
present one), both in schizophrenia and affective disor-
der, one important possibility behind the differences is
that the definitions of anatomical regions may be
different. For example, our definitions of medial tem-
poral structures, although constant for our group’s
studies, differ from many in the literature, and both
the definitions and volumetric assessment of the poste-
rior superior temporal gyrus differ from the surface
measurements of the planum temporale described in
the literature.

Given the totality of findings for affective disorder, it
thus appears that low volume of the left posterior su-
perior temporal gyrus in first-episode patients is the
finding that may be most specific to schizophrenia. As
we have not studied the frontal or parietal cortex, two
other areas possibly implicated in schizophrenic and
affective pathology (8), it is also clear that conclusions

Am J Psychiatry 155:10, October 1998

drawn here about specificity apply only to the regions
we have studied.

The data from the present study emphasize the im-
portance of the superior temporal gyrus, which to-
gether with the hippocampus, has been postulated to
play an important role in auditory associative memory
(39). Abnormalities in this interconnected neural net-
work might result in difficulties in the storage and re-
trieval of auditory or language memory, particularly in
the language-related domain, for which the left (domi-
nant) posterior superior temporal gyrus is important,
and in an inability to maintain a proper gradient of as-
sociation strength. These abnormalities might be re-
lated to the dysfunction of auditory/language associa-
tive memory seen in schizophrenia and to the thought
disorder (10). Recently, our group (40) reported lower
left-side P300 event-related potential amplitude in pa-
tients with first-episode schizophrenia than in patients
with affective psychosis or comparison subjects; the
subjects studied were different from those reported
here. We are currently examining the association be-
tween the temporal region MRI abnormalities re-
ported here and the left temporal scalp region P300
amplitude reduction.

An unresolved but important question is whether the
abnormalities seen at the first episode, especially in
schizophrenia, progress over time (41). Conclusions
based on the literature are at best equivocal, as some
groups have reported abnormalities (e.g., references
13, 14, and 42) but others have not (e.g., reference 43).
We consequently plan to do follow-up MRIs on the pa-
tients in the present study.

In conclusion, anatomical abnormalities in posterior
temporal regions with left-less-than-right asymmetry
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TABLE 2. Absolute and Relative Volumes of Temporal Lobe Regions in Patients With First-Episode Schizophrenia or Affective

Psychosis and Normal Comparison Subjects

Affective
Schizophrenic Disorder Comparison
Patients Patients Subjects One-Factor AN-
(N=17) (N=16) (N=18) COVA2

Region Mean SD Mean SD Mean SD F df p
Total intracranial contents (ml) 1511 101 1479 111 1526 162 0.56 2,46 n.s.
Left anterior superior temporal gyrus

Absolute volume (ml) 1.50 0.38 1.51 0.41 1.68 0.50 0.44 2,45 n.s.

Relative volume (%) 0.10 0.02 0.10 0.03 0.11 0.03 0.44 2,46 n.s.
Right anterior superior temporal gyrus

Absolute volume (ml) 1.68 0.47 1.74 0.32 201 045 231 2,45 n.s.

Relative volume (%) 0.11 0.03 0.12 0.02 0.13 0.03 2.16 2,46 n.s.
Left posterior superior temporal gyrus®

Absolute volume (ml) 6.14 0.88 6.91 1.11 7.14 1.13 5.18 2,45 <0.01

Relative volume (%) 0.41¢4  0.05 0.47 0.07 0.47  0.06 5.32 2,46 <0.01
Right posterior superior temporal gyrus

Absolute volume (ml) 6.96 1.13 7.27 0.96 7.23 1.35 0.45 2,45 n.s.

Relative volume (%) 0.46 0.07 0.49 0.07 0.47 0.06 051 2,46 n.s.
Left anterior amygdala-hippocampal complex

Absolute volume (ml) 2.11 0.58 1.92 0.45 2.16 0.63 0.44 2,45 n.s.

Relative volume (%) 0.14 0.04 0.13 0.03 0.14 0.04 0.31 2,46 n.s.
Right anterior amygdala-hippocampal complex

Absolute volume (ml) 1.87 0.38 1.98 0.46 221 0.46 255 2,45 n.s.

Relative volume (%) 0.13 0.03 0.14 0.03 0.15 0.03 235 2,46 n.s.
Left posterior amygdala-hippocampal complex?

Absolute volume (ml) 3.44 0.51 3.72 0.85 406 0.69 6.41 2,45 <0.01

Relative volume (%) 0.23%¢  0.03 0.25¢  0.05 0.27  0.03 6.60 2,46 <0.01
Right posterior amygdala-hippocampal complex

Absolute volume (ml) 4.14 0.49 4.14 0.82 4.31 0.65 0.78 2,45 n.s.

Relative volume (%) 0.28 0.03 0.28 0.05 0.28 0.03 0.66 2,46 n.s.
Left anterior parahippocampal gyrus

Absolute volume (ml) 0.50 0.16 0.41 0.13 0.49 0.20 1.09 2,45 n.s.

Relative volume (%) 0.03 0.01 0.03 0.01 0.03 0.01 141 2,46 n.s.
Right anterior parahippocampal gyrus

Absolute volume (ml) 0.47 0.15 0.44 0.12 0.55 0.20 156 2,45 n.s.

Relative volume (%) 0.03 0.01 0.03 0.01 0.04 0.01 1.68 2,46 n.s.
Left posterior parahippocampal gyrus

Absolute volume (ml) 1.72 0.32 1.64 0.31 1.72 0.38 0.08 2,45 n.s.

Relative volume (%) 0.11 0.02 0.11 0.02 0.11 0.02 0.13 2,46 n.s.
Right posterior parahippocampal gyrus

Absolute volume (ml) 1.79 0.36 1.65 0.28 1.82 0.42 0.81 2,45 n.s.

Relative volume (%) 0.11 0.02 0.12 0.02 0.12 0.02 1.09 2,46 n.s.

a Age and parental socioeconomic status were used as covariates for relative volumes, and age, parental socioeconomic status, and
volume of total intracranial content were used as covariates for absolute volumes.

b Significant group-by-side interaction (repeated measurement ANCOVA, df=2, 46, p< 0.05).

¢ Significantly different from both other groups (post hoc Tukey's honestly significant difference test, p <0.05).

d Significantly lower volume on left than right (paired t test, p<0.01, df=16 for schizophrenia, df=15 for affective disorder).
€ Significantly different from comparison group (post hoc Tukey’s honestly significant difference test, p <0.05).

exist at schizophrenia onset and include the superior
temporal gyrus and amygdala-hippocampal complex.
A left-less-than-right asymmetry of the amygdala-hip-
pocampal complex is also present in patients with first-
episode affective psychosis. Low volume of the left
posterior superior temporal gyrus is specific to first-ep-
isode schizophrenia and thus may play a crucial role in
this disorder.

REFERENCES

1. Jernigan TL, Zisook S, Heaton RK, Moranville JT, Hesselink
JR, Braff DL: Magnetic resonance imaging abnormalities in
lenticular nuclei and cerebral cortex in schizophrenia. Arch
Gen Psychiatry 1991; 48:881-890

2. Breier A, Buchanan RW, Elkashef A, Munson RC, Kirkpatrick
B, Gellad F: Brain morphology and schizophrenia: a magnetic

1390

resonance imaging study of limbic, prefrontal cortex, and cau-
date structures. Arch Gen Psychiatry 1992; 49:921-926

3. Raine A, Lencz T, Reynolds GP, Harrison G, Sheard C, Med-

ley I, Reynolds LM, Cooper JE: An evaluation of structural and
functional prefrontal deficits in schizophrenia: MRI and neuro-
psychological measures. Psychiatry Res 1992; 45:123-137

4. Andreasen NC, Flashman L, Flaum M, Arndt S, Swayze V II,

O’Leary DS, Ehrhardt JC, Yuh WTC: Regional brain abnor-
malities in schizophrenia measured with magnetic resonance
imaging. JAMA 1994; 272:1763-1769

5. Schlaepfer TE, Harris GJ, Tien AY, Peng LW, Lee S, Feder-

man EB, Chase GA, Barta PE, Pearlson GD: Decreased re-
gional cortical gray matter volume in schizophrenia. Am J Psy-
chiatry 1994; 151:842-848

6. Bogerts B, Ashtari M, Degreef G, Alvir JM, Bilder RM, Lieber-

man JA: Reduced temporal limbic structure volumes on mag-
netic resonance images in first episode schizophrenia. Psy-
chiatry Res Neuroimaging 1990; 35:1-13

7. Dauphinais ID, DeLisi LE, Crow TJ, Alexandropoulos K, Colter

N, Tuma I, Gershon ES: Reduction in temporal lobe size in

Am J Psychiatry 155:10, October 1998



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

siblings with schizophrenia: a magnetic resonance imaging
study. Psychiatry Res 1990; 35:137-147

. Shenton ME, Wible CG, McCarley RW: A review of magnetic

resonance imaging studies of brain abnormalities in schizo-
phrenia, in Brain Imaging in Clinical Psychiatry. Edited by
Krishnan KRR, Doraiswamy PM. New York, Marcel Dekker,
1997, pp 297-380

. Barta PE, Pearlson GD, Powers RE, Richards SS, Tune LE:

Auditory hallucinations and smaller superior temporal gyrus
volume in schizophrenia. Am J Psychiatry 1990; 147:1457—
1462

Shenton ME, Kikinis R, Jolesz FA, Pollak SD, LeMay M, Wible
CG, Hokama H, Martin J, Metcalf D, Coleman M, McCarley
RW: Abnormalities of the left temporal lobe and thought disor-
der in schizophrenia: a quantitative magnetic resonance im-
aging study. N Engl J Med 1992; 327:604—612

Galaburda AM, Sandies F, Geschwind N: Human brain: cy-
toarchitectonic left-right asymmetries in the temporal speech
region. Arch Neurol 1978; 35:812-817

DelLisi LE, Hoff AL, Schwartz JE, Shields GW, Halthore SN,
Gupta SM, Henn FA, Anand AK: Brain morphology in first-ep-
isode schizophrenic-like psychotic patients: a quantitative
magnetic resonance imaging study. Biol Psychiatry 1991; 29:
159-175

Delisi LE, Stritzke P, Riordan H, Holan V, Boccio A, Kushner
M, McClelland J, Van Eyl O, Anand A: The timing of brain mor-
phological changes in schizophrenia and their relationship to
clinical outcome. Biol Psychiatry 1992; 31:241-254

Degreef G, Ashtari M, Bogerts B, Bilder RM, Jody DN, Alvir
JM, Lieberman JA: Volumes of ventricular system subdivi-
sions measured from magnetic resonance images in first-epi-
sode schizophrenic patients. Arch Gen Psychiatry 1992; 49:
531-537

Lieberman J, Bogerts B, Degreef G, Ashtari M, Lantos G, Alvir
J: Qualitative assessment of brain morphology in acute and
chronic schizophrenia. Am J Psychiatry 1992; 149:784-794

Lim KO, Harris D, Beal M, Hoff AL, Minn K, Csernansky JG,
Faustman WO, Marsh L, Sullivan EV, Pfefferbaum A: Gray
matter deficits in young onset schizophrenia are independent
of age of onset. Biol Psychiatry 1996; 40:4-13

Hoff AL, Riordan H, O’'Donnell D, Stritzke P, Neale C, Boccio
A, Anand AK, DelLisi LE: Anomalous lateral sulcus asymmetry
and cognitive function in first-episode schizophrenia.
Schizophr Bull 1992; 18:257-272

DelLisi LE, Hoff AL, Neale C, Kushner M: Asymmetries in the
superior temporal lobe in male and female first-episode
schizophrenic patients: measures of the planum temporale
and superior temporal gyrus by MRI. Schizophr Res 1994; 12:
19-28

Dougherty D, Rauch SL: Neuroimaging and neurobiological
models of depression. Harvard Rev Psychiatry 1997; 5:138—
159

Tohen M, Stol AL, Strakowski SM, Faedda GL, Mayer PV,
Goodwin DC, Kolbrener ML, Madigan AM: The McLean first-
episode psychosis project: six-month recovery and recur-
rence outcome. Schizophr Bull 1992; 18:273-282

Spitzer RL, Williams JBW, Gibbon M, First MB: User’s Guide
for the Structured Clinical Interview for DSM-I1I-R (SCID).
Washington, DC, American Psychiatric Press, 1990

Spitzer RL, Williams JBW, Gibbon M, First MB: Structured
Clinical Interview for DSM-III-R—Non-Patient Edition (SCID-
NP, Version 1.0). Washington, DC, American Psychiatric
Press, 1990

Spitzer RL, Williams JBW, Gibbon M, First MB: Structured
Clinical Interview for DSM-III-R Personality Disorders (SCID-
I). Washington, DC, American Psychiatric Press, 1990
Folstein MF, Folstein SE, McHugh PR: “Mini-Mental State”: a
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12:189-198

Am J Psychiatry 155:10, October 1998

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

HIRAYASU, SHENTON, SALISBURY, ET AL.

Wechsler D: Wechsler Adult Intelligence Scale—Revised.
New York, Harcourt Brace Jovanovich, 1981

Hollingshead AB: Two-Factor Index of Social Position. New
Haven, Conn, Yale University, 1965

Overall JE, Gorham DR: The Brief Psychiatric Rating Scale.
Psychol Rep 1962; 10:799-812

Endicott J, Spitzer RL, Fleiss JL, Cohen J: The Global As-
sessment Scale: a procedure for measuring overall severity of
psychiatric disturbance. Arch Gen Psychiatry 1976; 33:766—
771

Oldfield RC: The assessment and analysis of handedness:
the Edinburgh inventory. Neuropsychologia 1971; 9:97-113

Shenton ME, Kikinis R, McCarley RW, Metcalf D, Tieman J,
Jolesz FA: Application of automated MRI volumetric measure-
ment techniques to the ventricular system in schizophrenics
and normal controls. Schizophr Res 1991; 5:103-113

Kikinis R, Jolesz FA, Greig G: 3D morphometric and morpho-
metric information derived from clinical brain MR images, in
3D Imaging in Medicine: Algorithms, Systems, Applications
(NATO ASI Series F: Computer and Systems Sciences, vol
60). Edited by Hohne KH, Fuchs H, Pizer SM. Berlin,
Springer-Verlag, 1990, pp 441-454

Pearlson GD, Barta PE, Powers RE, Menon RR, Richards SS,
Aylward EH, Federman EB, Chase GA, Petty RG, Tien AY:
Medial and superior temporal gyrus volumes and cerebral
asymmetry in schizophrenia versus bipolar disorder. Biol Psy-
chiatry 1997; 41:1-14

Lieberman JA, Jody D, Alvir JM, Ashtari M, Levy DL, Bogerts
B, Degreef G, Mayerhoff DI, Cooper T: Brain morphology, do-
pamine, and eye-tracking abnormalities in first-episode
schizophrenia: prevalence and clinical correlates. Arch Gen
Psychiatry 1993; 50:357-368

Sheline YI, Wang PW, Gado MH, Csernansky JG, Vannier
MW: Hippocampal atrophy in recurrent major depression.
Proc Natl Acad Sci USA 1996; 93:3908-3913

Gurvits TV, Shenton ME, Hokama H, Ohta H, Lasko NB, Gil-
bertson MW, Orr SP, Kikinis R, Jolesz FA, McCarley RW, Pit-
man RK: Magnetic resonance imaging study of hippocampal
volume in chronic, combat related posttraumatic stress disor-
der. Biol Psychiatry 1996; 40:1091-1099

Harvey |, Persaud R, Ron MA, Baker G, Murray RM: Volumet-
ric MRl measurements in bipolars compared with schizo-
phrenics and healthy controls. Psychol Med 1994; 24:689—
699

Lewine RR, Hudgins P, Brown F, Caudle J, Risch SC: Differ-
ences in qualitative brain morphology findings in schizophre-
nia, major depression, bipolar disorder, and normal volun-
teers. Schizophr Res 1995; 15:253-259

Strakowski SM, Wilson DR, Tohen M, Woods BT, Douglass
AW, Stoll AL: Structural brain abnormalities in first-episode
mania. Biol Psychiatry 1993; 33:602—609

Squire LR, Zola-Morgan S: The medial temporal lobe memory
system. Science 1991; 253:1380-1386

Salisbury DF, Shenton ME, Sherwood AR, Fischer IA, Yurge-
lun-Todd DA, Tohen M, McCarley RW: First episode schizo-
phrenic psychosis differs from first episode affective psycho-
sis and controls in P300 amplitude over left temporal lobe.
Arch Gen Psychiatry 1998; 55:173-180

McCarley RW, Hsiao JK, Freedman R, Pfefferbaum A,
Donchin E: Neuroimaging and the cognitive neuroscience of
schizophrenia. Schizophr Bull 1996; 22:703-725

Delisi LE, Tew W, Xie S, Hoff AL, Sakuma M, Kushner M, Lee
G, Shedlack K, Smith AM, Grimson R: A prospective follow-up
study of brain morphology and cognition in first-episode
schizophrenic patients: preliminary findings. Biol Psychiatry
1995; 38:349-360

Jaskiw GE, Juliano DM, Goldberg TE, Hertzman M, Urow-
Hamell E, Weinberger DR: Cerebral ventricular enlargement
in schizophreniform disorder does not progress: a seven year
follow-up study. Schizophr Res 1994; 14:23-28

1391



