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Abstract
A high prevalence of abnormal cavum septi pellucidi (CSP) in schizophrenia may reflect
neurodevelopmental abnormalities in midline structures of the brain. The relationship, however,
between abnormal CSP and clinical symptoms, and with abnormalities in other limbic structures
remains unclear, as does the question of whether a similar abnormality is present in affective
psychosis. Seventy-four patients at their first hospitalization, 33 with schizophrenia and 41 with
affective (mainly manic) psychosis, and 56 healthy control subjects underwent high-spatial-
resolution magnetic resonance imaging (MRI). CSP on six slices or more on 0.9375-mm resampled
coronal images was categorized as abnormal. The prevalence of abnormal CSP in both schizophrenic
patients (26.1%) and affective psychosis patients (18.2%) was significantly higher than was observed
in control subjects (8.2%). In schizophrenic patients only, larger CSP was significantly associated
with more severe thinking disturbance and smaller left parahippocampal gyrus gray matter volumes.
While the relationships between CSP ratings and clinical symptoms did not significantly differ
between the two psychosis groups as assessed by the comparison of regression slopes, the association
with limbic volumes appeared to be specific to schizophrenic patients. These results suggest that
psychosis associated with schizophrenia and affective disorder share, at least to some extent,
neurodevelopmental abnormalities involving midline structures and associated psychopathological
consequences. However, the association between abnormal CSP and limbic systems may be more
specific to schizophrenia.
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1. Introduction
Schizophrenia has been characterized, at least in part, as a neurodevelopmental disorder (e.g.,
Akil and Weinberger, 2000), although a possible progressive process in cortical regions has
recently been suggested by longitudinal structural magnetic resonance imaging (MRI) studies
(Gur et al., 1998; Kasai et al., 2003; Lieberman et al., 2001; Mathalon et al., 2001).

Interest in a neurodevelopmental hypothesis stems primarily from etiological (e.g., maternal
viral infections, obstetric complications), phenotypic (e.g., minor physical anomalies,
premorbid intellectual, motor, and behavioral abnormalities), and neuropathological (e.g.,
presence of structural brain changes at first-episode, absence of gliosis in postmortem brains,
gray matter heterotopias) evidence. One reliable indicator, from a neuropathological
perspective, has been provided by in vivo MRI studies, where a higher-than-normal prevalence
of cavum septi pellucidi (CSP) (Degreef et al., 1992; DeLisi et al., 1993; Rajarethinam et al.,
2001; Shioiri et al., 1996) and/or large (abnormal) CSP (Kwon et al., 1998; Nopoulos et al.,
1997; Shioiri et al., 1996) has been observed in patients with schizophrenia.

The CSP is the space between the two leaflets of the septum pellucidum (Hopkins and Lewis,
2000). In normal development, fusion of the septi pellucidi occurs within 3–6 months of birth
due to rapid growth of midline structures of the brain including the corpus callosum and limbic
system structures such as the amygdala, hippocampus, and parahippocampal gyrus. Incomplete
fusion results in the persistence of a CSP, which reflects possible neurodevelopmental
abnormalities of these midline and limbic structures (Rakic and Yakovlev, 1968; Sarwar,
1989; Shaw and Alvord, 1969). Particularly noteworthy, however, are recent high-spatial-
resolution MRI studies (Fukuzako et al., 1996; Hagino et al., 2001; Kwon et al., 1998; Nopoulos
et al., 1997; Rajarethinam et al., 2001) that tend to report a higher prevalence of CSP (38.0–
84.8%) in normal adults than previous MRI studies with lower spatial resolution (1.1–29.8%)
(Degreef et al., 1992; DeLisi et al., 1993; Jurjus et al., 1993; Shioiri et al., 1996). These more
recent in vivo MRI studies suggest that a small CSP is likely a normal variant.

Of further note, out of nine independent research studies investigating the prevalence and/or
qualifying the rate of abnormal CSP in patients with schizophrenia compared with normal
subjects using MRI (Degreef et al., 1992; DeLisi et al., 1993; Fukuzako et al., 1996; Hagino
et al., 2001; Jurjus et al., 1993; Kwon et al., 1998; Nopoulos et al., 1997; Rajarethinam et al.,
2001; Shioiri et al., 1996), six reported positive findings (Degreef et al., 1992; DeLisi et al.,
1993; Kwon et al., 1998; Nopoulos et al., 1997; Rajarethinam et al., 2001; Shioiri et al.,
1996). It is not clear, however, what the relationship of CSP findings is to clinical characteristics
and abnormalities in limbic structures in patients with schizophrenia. Here, we note that of the
four studies that assessed relationships between CSP and clinical symptoms (Jurjus et al.,
1993; Kirkpatrick et al., 1997; Kwon et al., 1998; Nopoulos et al., 2000), only Kirkpatrick et
al. (1997) reported an association with more severe formal thought disorder. Additionally,
associations with lower general intelligence (Nopoulos et al., 2000) and poorer prognosis
(Fukuzako et al., 1996) have been reported. For relationships with brain morphology, an
association with a left-sided volume reduction and a left-less-than-right asymmetry of the
temporal lobe (Nopoulos et al., 1996), and with reduced volumes of bilateral posterior
amygdale–hippocampal complex (Kwon et al., 1998) have been reported, whereas DeLisi et
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al. (1993) failed to find significant associations with corpus callosum areas, or ventricular or
temporal lobe volumes.

A comparison with affective psychosis is also a critical issue, since whether psychosis
associated with schizophrenia and affective disorder represent manifestations of different
disorders or the same disorder is an important but unresolved question in psychiatry. Indeed,
neurodevelopmental aspects of affective disorder have also been suggested in the literature
(Bearden et al., 2001; Nasrallah, 1991). However, findings from previous MRI studies of CSP
in affective disorder have been mixed (Jurjus et al., 1993; Shioiri et al., 1996) (reviewed and
discussed in detail in Discussion), and these studies did not specifically evaluate psychotic
patients with affective disorder except for our preliminary observation of 16 patients with
psychotic affective disorder (Kwon et al., 1998). Our previous findings of gray matter reduction
of left posterior amygdala–hippocampal complex, common to first-episode psychotic patients
with schizophrenia and affective disorder (Hirayasu et al., 1998), together with a possible
relationship between neurodevelopment of septum and the limbic structures, bear on the
interesting question of whether or not both psychoses share neurodevelopmental abnormalities
in midline structures and associated limbic systems. Moreover, the comparison of patterns in
the relationship of CSP to clinical and morphological indices between schizophrenic and
affective psychosis patients may also be important to characterize similarities and differences
in the etiology and pathophysiology of psychosis associated with the two disorders.

In our previous study (Kwon et al., 1998), we reported: (1) patients with schizophrenia (first-
episode and chronic schizophrenia combined) have increased prevalence of abnormally large
CSP (evaluated using 1.5-mm-thickness MR slices) compared with control subjects, (2) first-
episode patients with affective psychosis have a rate of large CSP intermediate between
subjects with schizophrenia and controls, but the sample size was relatively small (N = 16),
(3) no relationship between symptom ratings and CSP in subjects with chronic or first-episode
patients with schizophrenia, but again the sample size was small (N = 15 for both chronics and
first-episodes), (4), significant relationships in chronic schizophrenia only (N = 15) between
larger CSP size and lower gray matter volume of posterior amygdala–hippocampal complex.
Accordingly, in the current study we quantified CSP using high-spatial-resolution MRI
(approximately 1-mm voxels in resampled slices) in an extended sample of first-episode
patients with schizophrenia and affective psychosis, and in healthy control subjects.
Correlational analyses were also performed between CSP ratings and clinical symptoms and
medial temporal lobe gray matter volumes.

2. Methods
2.1. Subjects

Participating in the study were 74 first-episode patients with psychosis, 33 (5 women) with
schizophrenia and 41 (10 women) with affective psychosis, and 56 (12 women) healthy control
subjects. This study is an extension of our previous study of CSP (Kwon et al., 1998), and
subjects in the current study included N = 15 patients with first-episode schizophrenia, N = 16
patients with first-episode affective psychosis, and N = 18 healthy controls from Kwon et al.
study.

Age, gender distribution, and handedness (the Edinburgh Inventory; Oldfield, 1971) were not
significantly different among groups (Table 1). Socioeconomic status (SES) of subjects was
measured using the Hollingshead two-factor index (Hollingshead, 1965). Schizophrenic
patients showed significantly lower SES than affective psychosis patients and control subjects
(Table 1). Parental SES was slightly different among groups, but not significantly different
between any combination of groups based on post hoc analyses (Table 1).

Kasai et al. Page 3

Schizophr Res. Author manuscript; available in PMC 2010 January 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The affective psychosis patient group (all psychotic) included 37 bipolar disorder patients in
a manic phase and 4 major depressive (unipolar) disorder patients. The statistical conclusions
reported below remained the same when only the manic affective psychosis patients were
included. Patients were recruited from inpatients at McLean Hospital, a private psychiatric
hospital affiliated with Harvard Medical School. Control subjects were recruited through
newspaper advertisement. Our local Institutional Review Board approved this study. After a
complete description of the study, written informed consent was obtained from all participants.

The protocols for diagnosis and clinical evaluations have been described in detail in previous
studies (Salisbury et al., 1998; Hirayasu et al., 1998, 1999, 2000, 2001; Lee et al., 2002). Briefly,
patients and control subjects met criteria for age (18–55 years), IQ above 75, right-handedness,
and negative history for seizures, for head trauma with loss of consciousness, for neurologic
disorder, and for any lifetime history of alcohol or other drug dependence. Control subjects
were screened using the Structured Clinical Interview for DSM-III-R-Non-Patient Edition
(SCID-NP) (Spitzer et al., 1990a) by trained interviewers (DFS, MES). No control subject had
an Axis-I or II psychiatric disorder or a first-degree relative with Axis-I psychiatric disorder.

The same trained interviewers (DFS, MES) diagnosed patients based on the DSM-IV criteria,
using the SCID interview (Spitzer et al., 1990b), and information from the medical records.
Diagnoses were confirmed at follow-up interview. Consistent with the literature (e.g., DeLisi
et al., 1997; Salisbury et al., 1998; Hirayasu et al., 1998, 1999, 2000, 2001; Lee et al., 2002;
Lieberman et al., 2001), first-episode was operationally defined as the first psychiatric
hospitalization. Median duration of psychotropic medication prior to MRI was short (Table 1).
At the time of the first scan, patients were variously receiving: no medication (2 schizophrenic,
5 affective); neuroleptics [typical (9, 18), atypical (17, 15), or both (4, 3)]; mood stabilizers
[lithium (3, 8), valproate (6, 14), or both (0, 2)]; while typical/atypical neuroleptic status for
one schizophrenic subject was unknown due to enrollment in a double-blinded Olanzapine/
Haloperidol cross-over protocol. Medication dose and age at first medication use were not
significantly different between the two psychosis groups (Table 1).

Clinical evaluations included the Mini-Mental State Examination (MMSE) (Folstein et al.,
1975), the information and digits-forward and -backward subscales of the Wechsler Adult
Intelligence Scale-Revised (WAIS-R) (Wechsler, 1981), the Global Assessment Scale (GAS)
(Endicott et al., 1976), and the total and four syndrome factors scores of the Brief Psychiatric
Rating Scale (BPRS) (Overall and Gorham, 1962, Overall et al., 1967). Of note, scores on
MMSE, WAIS-R subscales, GAS, and total BPRS were not significantly different between the
two psychosis groups (Table 1).

2.2. MRI image acquisition and processing
MR images were acquired with a 1.5-T scanner (GE Medical Systems, Milwaukee). The MR
acquisition protocol and the post-processing of images have elsewhere been described in detail
(Wible et al., 1995). Briefly, a 1.5-mm-thick coronal series of contiguous SPGR images
(repetition time = 35 ms, echo time = 5 ms, voxel dimensions = 0.9375 × 0.9375 × 1.5 mm)
was used for quantifying CSP. An anisotropic diffusion filter (k = 13 for SPGR and 90 for
proton/T2 images, iteration = 3) (Gerig et al., 1992) was applied to the images to reduce noise
prior to processing each set of scans. Images were aligned using the line between the anterior
and posterior commissures (AC–PC) and the sagittal sulcus to correct head tilt, and were also
resampled to make voxels isotropic (sides measured 0.9375 mm) (Hirayasu et al., 2000; Lee
et al., 2002).
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2.3. CSP measures
For quantifying the CSP, the number of slices containing CSP (Fig. 1) was counted on a series
of coronal images without knowledge of diagnosis. When a certain slice appeared to have a
partial volume effect, we considered the slice to contain CSP. This definition may be too
inclusive, but we regard this to be objective to enable a reliable measurement. Since the images
were 0.9375-mm thick without gaps, the multiplication of the rating by 0.9375 was a reflection
of the actual anterior-to-posterior length of the cavum, although partial volume effects renders
this an approximation only. For example, a CSP with a rating of 6 would be approximately 5.6
mm long.

From the results of recent high-spatial-resolution MRI studies (Fukuzako et al., 1996; Hagino
et al., 2001; Kwon et al., 1998; Nopoulos et al., 1997; Rajarethinam et al., 2001) that report
high prevalence of CSP (38.0–84.8%) in adults, it is clear that the presence of a very small
CSP may have no pathological significance. Therefore, it was necessary to distinguish CSP
that were considered to be larger than the normal variant CSP. For this determination we used
criteria similar to that of Kwon et al. (1998), where CSP on one to five slices was categorized
as normal, and on six or more slices (5.6 mm) as abnormal (see Fig. 2 for three-dimensional
presentation of abnormal CSP). The rationale for this categorization was based on several
references that indicate the best estimate of normal variant cavum is that of 1–4 mm (Barr and
Kiernan, 1988; Martin, 1989; Roberts et al., 1987; Sarwar, 1989; Shaw and Alvord, 1969).

For interrater reliability, three raters (K.K., T.O., and S.D.), blinded to group membership,
independently rated CSP for 50 cases. The intraclass correlation coefficient was 0.98.

2.4. Statistical analyses
2.4.1. Group differences in CSP—The prevalence of abnormal CSP was compared
between each combination of two diagnostic groups using the goodness of fit test. For
comparison purpose, the same statistical procedure was applied to the data where the subjects
with complete fusion of septum (CSP = 0) were included in the analysis.

2.4.2. Correlations with clinical measures—Spearman’s rho was used in planned
analyses of the correlations between CSP ratings and four syndrome factor scores of the BPRS
separately for each psychosis group. The number of subjects for whom BPRS scores were
available was N = 32 for the schizophrenia group and N = 38 for the affective group. Here, we
used p < 0.05 as the cut-off for reporting statistical significance. In addition, we used one-tailed
tests since negative correlations between CSP ratings and severity of clinical symptoms were
predicted. We did not use BPRS individual items (18 items) in order to avoid type I errors. We
then tested whether there were differences between groups in the relationship between CSP
ratings and clinical measures using the test for comparison of two regression slopes. Here, we
used p < 0.05 as the cut-off for reporting statistical significance.

Spearman’s rho was also used in exploratory analyses of the correlations between ratings of
CSP and other clinical measures including MMSE, WAIS-R subscales, and GAS, separately
for each diagnostic group (GAS scores were only applicable for the two psychosis group),
where we used Bonferroni correction for multiple correlations.

2.4.3. Correlations with limbic structure volumes—Spearman’s rho was calculated for
planned analyses of the correlations between CSP ratings and medial temporal lobe gray matter
volumes (left and right anterior amygdala–hippocampal complex [mostly amygdala], left and
right posterior amygdale–hippocampal complex [mostly hippocampus], and left and right
parahippocampal gyri) (Hirayasu et al., 1998), separately for each diagnostic group. The
number of subjects for whom regions of interest (ROIs) measures were available was N = 17
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for the schizophrenia group, N = 16 for the affective group, and N = 18 for the control group.
Here, we considered any correlation to be significant if the values for both absolute and relative
([absolute volume/intracranial content] × 100) volumes reached p < 0.05. Here, we did not use
Bonferroni correction, since these analyses were planned and significant correlations between
CSP ratings and volumes of hippocampus and/or parahippocampal gyrus only in psychotic
groups were predicted. In addition, we used one-tailed tests since negative correlations between
CSP ratings and volume measures were predicted. The rationale for these decisions was as
follows: (1) in normal neurodevelopment, the fusion of CSP is associated with the growth of
limbic structures; (2) previous findings in the literature suggest that abnormalities in limbic
structures, including hippocampal formation and parahippocampal gyrus, may be related to
psychosis (e.g., Bogerts, 1997); and, (3) our previous study (Kwon et al., 1998) found a
significant negative correlation between CSP ratings and hippocampal volumes in patients with
chronic schizophrenia. We then tested whether there were differences between groups for the
relationship between CSP ratings and volume measures using the test for comparison of two
regression slopes in each combination of the three diagnostic groups. Here, we used p < 0.05
as the cut-off for reporting statistical significance.

The detailed methods for measurements of medial temporal lobe ROIs are provided elsewhere
(Hirayasu et al., 1998). Briefly, the amygdala–hippocampal complex and parahippocampal
gyrus were outlined manually on a Sun workstation. The most anterior slice used for the
amygdala–hippocampal complex was the one in which the white matter tract linking the
temporal lobe with the rest of the brain (temporal stem) could be seen. The most posterior slice
was the last appearance of fibers of the crux of the fornix. The posterior segment of the
amygdala/hippocampal complex began with the first appearance of the mammillary bodies.
The parahippocampal gyrus (non-subicular portions) was defined laterally by the collateral
sulcus and a demarcation line drawn across the narrow portion of the gyral isthmus at the
deepest portion of the collateral sulcus. Medial temporal lobe structures, rather than neocortical
areas [i.e., STG (Hirayasu et al., 1998), Heschl’s gyrus and planum temporale (Hirayasu et al.,
2000), prefrontal neocortex (Hirayasu et al., 2001), fusiform gyrus (Lee et al., 2002) as reported
in our previous studies] were selected, since an association between CSP and these limbic
structures was predicted.

3. Results
Age, SES, parental SES, handedness, age of first medication, duration of medication, or dose
of medication did not correlate with the number of slices containing CSP in any group (rho =
−0.19 to 0.30; p = 0.091 to 0.88). There were also no gender differences in the prevalence of
CSP or abnormal CSP for any group, nor were there gender differences when the diagnoses
were collapsed.

3.1. Group differences in CSP
The CSP was present (1 slice or more) for N = 23/33 (69.7%) of schizophrenic patients, N =
33/41 (80.5%) of affective psychosis patients, and N = 49/56 (87.5%) of control subjects. The
prevalence of CSP was not significantly different among groups (chi-square = 4.24, df = 2, p
= 0.12).

We found that abnormal CSP was present in 26.1% of schizophrenic patients, 18.2% of
affective psychosis patients, and 8.2% of control subjects (Table 2). The schizophrenic patients
showed significantly higher prevalence than control subjects (the goodness of fit test: chi-
square = 9.86, df = 1, p = 0.002). Affective psychosis patients also showed significantly higher
prevalence than control subjects (chi-square = 4.42, df = 1, p = 0.036), while the two psychosis
group did not differ significantly in the prevalence of abnormal CSP (chi-square = 1.07, df =
1, p = 0.30). When we included subjects who have complete fusion of septum, the statistical
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conclusion did not change (schizophrenia vs. control: chi-square = 6.06, df = 1, p = 0.014;
affective vs. control: chi-square = 3.47, df = 1, p = 0.063; schizophrenia vs. affective: chi-
square = 0.347, df = 1, p = 0.56).

3.2. Correlations with clinical measures
Schizophrenic patients showed a positive correlation between the number of slices containing
CSP and scores for thinking disturbance factor of the BPRS (comprised of items of conceptual
disorganization, hallucinatory behavior, and unusual thought content) (rho = 0.365, N = 32,
p = 0.040; regression line: Y = 6.46 + 0.446X). There was no significant correlation between
CSP ratings and thinking disturbance factor scores (rho = 0.027, N = 38, p = 0.87; regression
line: Y = 7.06 − 0.0469X) for affective psychosis patients. The comparison of regression slopes,
however, did not show significant difference between the two psychosis groups (t[66] = 1.49,
p>0.1, two-tailed). After Bonferroni correction for multiple correlations, there were no
significant correlations between ratings of CSP and other clinical measures including MMSE,
WAIS-R subscales, and GAS, separately for each diagnostic group (GAS scores were only
applicable for the two psychosis groups) (Table 3).

3.3. Correlations with limbic structure volumes
There was a significantly negative correlation between CSP ratings and left parahippocampal
gyrus gray matter volume in the schizophrenia group (rho = −0.462, N = 17, p = 0.031;
regression line: Y = 2.45 − 0.0650X), but not in the affective group (rho = 0.039, N = 16, p =
0.44; regression line: Y = 1.93 + 0.0332X) or the control group (rho = 0.353, N = 18, p = 0.076;
regression line: Y = 1.83 + 0.143X). Based on the comparison of regression slopes, there was
a significant difference between schizophrenic patients and affective psychosis patients (t[29]
= −2.12, p < 0.05, two-tailed), and between schizophrenic patients and control subjects (t[31]
= −2.84, p < 0.01, two-tailed), but not between affective psychosis patients and control subjects
(t[30] = −0.37, p>0.6, two-tailed), in the relationship between CSP ratings and left
parahippocampal gyrus gray matter volume.

4. Discussion
The results of the current study can be summarized as follows: (1) schizophrenic patients and
affective psychosis patients did not significantly differ in the prevalence of abnormal CSP, and
both groups had significantly higher prevalence than control subjects; (2) larger CSP was
associated with more severe thinking disturbance factor scores of the BPRS and smaller left
parahippocampal gyrus gray matter volumes in schizophrenic patients; (3) schizophrenic and
affective psychosis patients were not significantly different in the relationship of CSP with
symptoms, but the relationships with parahippocampal volumes were specific to schizophrenic
patients. The high prevalence of abnormal CSP in both psychoses and a lack of specificity in
the association with positive symptoms suggest that schizophrenia and affective psychosis may
share, at least to a certain extent, neurodevelopmental abnormalities and associated
psychopathological consequences. On the other hand, neurodevelopmental abnormalities
involving midline structures and associated limbic systems appeared to be more specific to
schizophrenic patients compared with affective psychosis and healthy subjects.

We found a high prevalence of presence of CSP for all groups (69.7% of schizophrenic patients,
80.5% of affective psychosis patients, and 87.5% of control subjects). These findings are
consistent with recent high-resolution MRI studies (Fukuzako et al., 1996; Hagino et al.,
2001; Kwon et al., 1998; Nopoulos et al., 1997; Rajarethinam et al., 2001), and further suggest
that a small CSP is a normal anatomical variant. In contrast, the prevalence of abnormal CSP
(approximately 6 mm or longer) was higher for first-episode schizophrenic patients than for
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the control subjects, in line with recent studies (Kwon et al., 1998; Nopoulos et al., 1997;
Shioiri et al., 1996).

For associations with clinical symptoms, schizophrenic patients showed a positive correlation
between the CSP ratings and scores for thinking disturbance factor of the BPRS. To our
knowledge, four studies (Jurjus et al., 1993; Kirkpatrick et al., 1997; Kwon et al., 1998;
Nopoulos et al., 2000) have assessed relationships between CSP abnormalities and clinical
symptoms, but only one study reported significant associations with more severe formal
thought disorder (Kirkpatrick et al., 1997). Thus, the current study confirms an association
between CSP and positive symptoms in patients with schizophrenia. Although clinical
symptoms may be unstable at first-hospitalization, patients may show potentially higher
symptom severity especially for positive symptoms compared with remitted or chronic status,
resulting in a broader distribution of data. The use of 1.0-mm resampled slices may also have
an advantage in yielding broadly distributed data for CSP ratings compared with the previous
three studies using 1.5 to 5 mm slices. The septum pellucidi is a component of the limbic system
and serves as an important relay station connecting the hypothalamic autonomic system to
hippocampus, amygdala, habenula, and brainstem reticular formation (Sarwar, 1989).
Structural and functional abnormalities in the limbic system including hippocampal formation
and parahippocampal gyrus are thought to be associated with positive symptoms of
schizophrenia (reviewed in Bogerts, 1997). The disturbance in this system in the perinatal
neurodevelopment may thus form a potential basis for developing positive symptoms in
patients with schizophrenia. However, here we note that the CSP itself is associated with a
wide range of developmental conditions related to cognitive impairment that do not usually
result in manifest psychosis (e.g., Bodensteiner et al., 1998; Kim and Peterson, 2003). In
schizophrenia, early insults in the perinatal period and later mal-maturation perhaps
predominantly in frontotemporal neocortex may, at least in part, form a basis for frank
psychosis. Abnormal CSP and associated limbic structures may thus be understood as an index
of the severity of neurodevelopmental insult that, if coupled with mal-maturation of
frontotemporal neocortex in the peri-onset period, may form a basis for the manifestation of
psychosis.

Partially consistent with the above interpretation, we found a significant correlation between
CSP ratings and gray matter volumes of the left parahippocampal gyrus, a part of the limbic
system. Moreover, this association appeared to be more specific to schizophrenia compared
with affective psychosis and control groups based on the comparison of regression slopes.
However, we failed to replicate the previous finding of a significant association between CSP
ratings and bilateral posterior amygdala–hippocampal (mostly hippocampus) gray matter
volumes in patients with chronic schizophrenia (Kwon et al., 1998). The reason for the
discrepancy is unclear, since using first-episode patients has theoretically fewer confounds of
chronicity of illness and the effects of chronic treatment, which should thus have an advantage
in exploring the association between abnormalities of neurodevelopmental origin and ROI
volumes. One possible explanation may be differences in the clinical characteristics of the two
samples. For example, in the Kwon study, some of the most severe cases of schizophrenia were
included, and these individuals had an average of 15 years illness duration. In our sample, it
is not known which of the first-episode cases of schizophrenia will go on to have such a poor
outcome.

Our earlier study (Kwon et al., 1998) evaluated CSP in 30 patients with schizophrenia (15
chronic, 15 first-episode), 16 first-episode patients with affective psychosis, and 46 control
subjects (21 subjects with schizotypal personality disorder were also included). In that study,
the prevalence of abnormal CSP in affective psychosis was intermediate (20%) between
schizophrenic patients (30.4%) and control subjects (10.3%), with no significant difference
from either group. In the present study, with larger sample sizes, the prevalence of abnormal
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CSP for affective psychosis patients was shown to be significantly higher than that for control
subjects. Moreover, based on analyses using the comparison of regression slopes, the
relationship of abnormal CSP to abnormalities in clinical presentation were also not
significantly different between schizophrenic and affective psychosis patients. Thus, the
present study indicates that psychosis associated with schizophrenia and affective disorder may
share an abnormal neurodevelopment of the brain midline structures and associated
psychopathological outcome. These results are in line with those of Shioiri et al. (1996), who
reported significantly higher prevalence of CSP in bipolar patients (7.2%) compared with
control subjects (1.1%), but not significantly different from schizophrenic patients (17.5%). In
contrast, Jurjus et al. (1993) reported that affective patients (bipolar and schizoaffective
disorder) were not different in the prevalence of CSP (10.0%) from normal controls (18.9%),
and showed significantly lower prevalence than schizophrenic patients (25.4%). However,
since these previous studies did not assess psychotic patients with affective disorder only, direct
comparison with the present study should be regarded with caution.

Some methodological issues in our study need to be commented upon. First, we need to
consider the issue of statistical power regarding our results of lack of significant difference
between schizophrenia and affective psychosis in the clinical relationships with CSP. Although
the required N was fairly large for the correlation with BPRS (N = 120 for both groups) to be
significantly different between groups, the results of similarities in the clinical correlations
should be confirmed by studies with larger sample size. Second, the results of our correlational
analyses should be interpreted with caution since there were multiple statistical comparisons
thus being liable to type I errors, and the N for analyses of associations with volume measures
was relatively small. Third, we need to comment on the fact that our first-episode psychosis
sample included some later-onset subjects aged above 30 at first-hospitalization (9 out of 74
psychosis subjects). However, the rate of the presence of abnormal CSP did not differ
significantly between the younger (10/65) and older (2/9) subjects (Fisher’s exact test, p =
0.63). Therefore, this sample characteristic did not appear to affect the conclusion of the present
study.

In conclusion, the similarities in the high prevalence of abnormal CSP and its association with
positive symptoms suggest the importance of CSP as an index of neurodevelopmental
abnormalities and its psychopathological consequences in the pathophysiology of psychosis
associated with schizophrenia and affective disorder. On the other hand, associations between
neurodevelopmental abnormalities involving midline structures and limbic systems may be
specific to schizophrenia.
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Fig. 1.
MR images of cavum septi pellucidi. Panel A: a normal subject showing no cavum septi
pellucidi. Panel B: a first-episode patient with schizophrenia showing abnormal cavum septi
pellucidi on the coronal plane.
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Fig. 2.
Three-dimensional reconstruction of a large cavum septi pellucidi superimposed on the axial
and coronal planes. The MRI image presented here is from the same patient with schizophrenia
as in Panel B of Fig. 1. The CSF content of the large cavum can be seen between the two leaflets
of the septi pellucidi and is labeled blue. The anterior portions of the leaflets, which are
separated to form the cavum between the septi pellucidi, are green on subject left and gold on
subject right. The posterior portions of the leaflets, where they fuse, are light blue on subject
left and red on subject right.
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Table 2

Frequency of normal and abnormal cavum septi pellucidi in first-episode patients with schizophrenia, first-
episode patients with affective psychosis, and healthy control subjects

Group Cavum septi pellucidi

Normal
(1–5 slices)

Abnormal
(6 slices or more)

N % N %

Schizophrenic 17 73.9 6 26.1a

  patients

Affective 27 81.8 6 18.2b

  psychosis

  patients

Control 45 91.8 4 8.2

  subjects

a
Significantly higher than expected in control subjects (the goodness of fit test: chi-square = 9.86, df = 1, p = 0.002).

b
Significantly higher than expected in control subjects (the goodness of fit test: chi-square = 4.42, df = 1, p = 0.036).
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Table 3

Correlation between cavum septi pellucidi ratings and clinical and volume measures

Variables Spearman’s rhoa

Schizophrenic
patients

Affective
patients

Control
subjects

Clinical measure (BPRS factor) X CSP rating

Thinking disturbance 0.365b 0.027 –

(N = 32) (N = 38)

Hostility– −0.058 −0.047 –

   suspiciousness (N = 32) (N = 38)

Withdrawal– 0.227 −0.082 –

   retardation (N = 32) (N = 38)

Anxiety–depression 0.020 −0.067 –

(N = 32) (N = 38)

Limbic gray matter volume X CSP rating

Left amygdala 0.040 0.181 0.563c

(N = 17) (N = 16) (N = 18)

Right amygdala 0.227 0.169 0.204

(N = 17) (N = 16) (N = 18)

Left hippocampus 0.468 0.226 0.342

(N = 17) (N = 16) (N = 18)

Right hippocampus 0.173 0.355 0.512c

(N = 17) (N = 16) (N = 18)

Left parahippocampal −0.462d 0.039 0.353

   gyrus (N = 17) (N = 16) (N = 18)

Right parahippocampal −0.034 −0.279 0.609c

   gyrus (N = 17) (N = 16) (N = 18)

BPRS, Brief Psychiatric Rating Scale; ellipses, data not applicable.

a
The number of subjects varied according to the availability of data.

b
Statistically significant (p = 0.020, one-tailed).

c
Statistically significant positive correlations. However, the values reported here are for absolute volumes, and none of them remained significant

when relative volumes were used. Therefore, these correlations were not considered important, since they may simply have been the result of differences
in overall brain/head size.

d
Statistically significant (p = 0.031, one-tailed). Remained significant when the relative volume was used (rho = −0.440, p = 0.038).
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