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Table 1

Demographic and chinical characteristics of the participants
Controls UHR-NP UHR-P FEP Chronic Sz Croup comparisons ¢
mean (SD) - mean (SD) mean (5D} ‘mean(SD)  mean(SD) i BT el Y i e e 14

Age weats‘.l 3690101} 206(367 190{35) 215(34) 345 (96} F{4. 468)=52.65, p=0.001; Sz=>controls>UHR-P, UHR-NP. and FEP

wF f : AT LoB4M2 - 24N5 : 108154 76113 Chi-square=19.24, p<0. 001 M=Fins2 mmpared with ali nrhef gmups

fedness (right/ = ROf2S ‘81310 34j0/a 139)4/17 456 P=0.6325, Fisher's exact test. :

Hﬂahl {emyl 1753197)  1708{90) 17L9{9.0) : 1728(94)  1743(79) - F(4:457)=3.25,p=0.012; controls> UHR-NP.

Premorbid i 1023(105) 864 (138)  94R(125) 939(136) = 856(151)  F(d, 368)=508, p-u.onmonm;»sz FEP, and UHR-NP

BPRS scote at intake! Lo e et sy 1eszn. - 5 - . F(1.108)=092 p=D 586 : ;

SANS scoreatintaket | - 4.4) 91{155} - : = - F1.108)=116, p=0293

Durahoboflilneﬁ[diys]‘ 54 (87} 457143613} F(1. 245)=260.44, p=<0.001; S2>=FEP

Drug (ing/day. gae_:pwa:am} el S 1547 (1182) B42.8(7158)  F(1,224)=136.66, p<0.001; Sz= FEP

Intracranial volume (mi} ~ 1450(143) 1414 (147} 1464 1143) 1422 {133} 1441 (130} F(4,467)=152, p=0.194

BPRS, Brief Psychiatric Raring Scale; CI’ chiorpromazine; F, female: FEP, first-episode psychnsis: M, male: SANS, Scale for Asse
NP, ultra high-risk group without psychosis; UHR-P, ultra high-risk group with psychosis.

* Dara missing for some participants.
? Estimated using the Narional Adult Reading Test (NARTY.
© 25 patients (19 with chranic 5z and 6 with FEP) had incomplete mediction data

ventricle and the intensiry threshold was adjusted to grow the seed so
that it filled the ventricle as much as possible, Further seeds were
placed in other parts of the ventricle to fill the entire ventricle, The
resulting binary image was reconstructed three-dimensionally by
ANALYZE software and the volume estimated by volume rendering,
Inter-and intra-rater 1CCs in a subset of 10 randomly selected brains
were over 0.96.

2.5, Statisticol unalysis

Clinical and demographic differences between groups were
examined with one-way analysis of variance (ANOVA) or chi-square
test.

The Al length was analyzed using the analysis of covariance
{ANCOVA) with ICV and age as covariates, with diagnosis (healthy
controls, UHR-NP, UHR-P, FEP, and chronic schizophrenia) and gender as
between-subject factors. Chi-square tests, or Fisher's exact rests when
expected cell sizes were less than five, were used for assessing the
frequency of the Al Since there were significant group differences in age,
gender, and height(Table 1), the healthy controls were then divided into
two subgroups: older controls [28 males and 9 fermales, mean (SD)= 35,5
(9.7) years, matched to chronic schizophrenia for age (F=0.09,df=1,124,
p=0.765), gender (chi-square=1.71, p=0.191), and height (F= 086, df=1,
120, p=0.355]] and younger controls |27 males and 23 females, mean
(SD)=205 (3.2) years, matched to FEP {age, F=3.39,df=1, 210, p=0.067;
gender, chi-square=2.65, p=0.104; height, F=1.58, df=1, 210, p=0.210)
and both UHR groups (age, F=2.98, df=2, 182, p=0.053; gender, chi-
square=0.53, p=0.768; height, F=236, df=2, 180, p=0.097)]. The
statistical conclusions reported here (the prevalence and length of the
Al) did not change when we separately analyzed the younger groups
(younger controls, FEP patients, and UHR subjects) and older groups
(older controls and chronic schizophrenia patients),

To explore the relation of the Al with ventricular enlargement, the
volumes of the lateral ventricles were analyzed using ANCOVA with age
and ICV as covariates, and the Al (presence versus absence) as a
between-subject factor. The volumes of the lateral ventricles were log-
transformed because of their skewed distribution, Each diagnostic group
was not separately treated for this analysis because of small number of
subjects without Al especially for the UHR (N=2) and healthy (N=2)
subjects. Post hoc Tukey honestly significant difference (HSD) test was
employed. The correlation between the length of the Al and the volumes
of the lateral ventricles (log) was examined for each diagnostic group
using Pearson’s partial correlation controlling for age and 1CV.

The relationship between the Al length and age was examined
using Spearman's rank correlation coefficients. For the patients with
FEP and chronic schizophrenia, the correlation between the Al length
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and illness duration or daily medication dosage was also analyzed,
Statistical significance was defined as p<0.05 (two-tailed).

3. Results
3.1. Demographic characteristics

Comparison of the groups revealed significant group differences in
age, gender, height, and premorbid 1Q (Table 1). Males were taller [F
(1, 460)=306.27, p<0.001] and older [H 1, 471)=5.85, p=0. 016] than
females, and premorbid 1Q was higher in females than in males [F
(1, 371)=543, p=0.020]. There was no gender difference in handed-
ness. The two UHR groups (UHR-F versus -NP) did not differ with
respect to global psychopathological state according to the BPRS or
negative symptoms according to the SANS.

3.2. Length and prevalence of the Al

ANCOVA of Al length revealed significant main effects for diagnosis
[H4, 461)=19.96, p<0.001] and gender [K1, 461)=12.27, p=0.001].

Fig. 1. Coronal (upper} and axial {lower) views of the T1-weighted MR images (0.9375-
mm shice thickness) in subjects with {A) and withour [ B) the adhesio interthalamica (A1}
Arrows indicate the position of the Al
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Table 2
Prevalence and length of the adhesion inerthalamica (Al)

Controls (N=87] -
Male (N=55)
Female (N=32)
UHR without psychosis {N=
Male (N=59)

* Significantly more common in males than in females.
" Significantly longer in females than in males.

© Significantly longer than all other groups.

¢ Significantly more common than all other groups

" Significantly shorter than all other groups.

Post hoc tests indicated that the chronic schizophrenia patients had a
shorter Al than all other groups (p<0.001), and that both UHR groups
(UHR-NP, p<0.001; UHR-P, p=0.026) and FEP patients (p<0,001) had
a shorter Al than controls, The Al length did not differ among four
subgroups of the FEP patients |R 3, 152)=0.58, p=0.630]. Males had a
shorter Al than females (p<0.001), but there was no gender-by-
diagnosis interaction [F4, 461)=1.12, p=0.347).

There was a significant difference in the prevalence of the Al
between the groups (P<0.001. Fisher's exact test); its absence was
significantly more common in the patients with chronic schizophrenia
than in the FEP patients, both UHR groups, and controls (Table 2). The
chronic schizophrenia patients without an Al (N=19) were receiving
significantly larger amounts of antipsychotic at the scanning [F1,87)=
4.07, p=0.047] and tended to have longer illness duration K1, 86)=
3.53, p=0.063] as compared with the patients with an Al (N=70). The
prevalence of an absent Al did not differ among the subgroups of FEP
patients [8.7% (4/46) in schizophrenia, 3.5% (2/57) in schizophreni-
form psychosis, 5.9% (2{34) in affective psychosis, and 8% (2/25) in
other psychoses] (p=0.717, Fisher's exact test), The Al was absent in
9.5% (29/305) of males and 2.8% (4/142) of females, showing a
significant gender difference (p=0.012, Fisher's exact test),

When only schizophrenia patients (46 first-episode and 89 chronic
patients) were included in the analyses, there was no group difference
in the length of the Al between first-episode |[mean=10.7 mm
{80=13.7)] and chronic [mean=74 mm (SD=4.3)] patients [F{1, 129)=
0.70, p=0.403). However, the chronic patients had a trend towards a
higher prevalence of the absent Al compared with first-episode
patients (p=0.064, Fisher's exact rest),

The comparison of the ventricular volumes between the subjects
with (N=440) and without (N=33) an Al showed a significant main
effect of Al |[H1, 469)=35.69, P<0.001], with the subjects missing an Al
having larger lateral ventricles than the subjects with an Al (Tukey
HSD test, P<0.001),

3.3. Correlational analysis

There was a negative correlation between Al length and age for
patients with chronic schizophrenia (rho=-0341, p=0.001), FEP

5 D0~

Controls

LV flog)

UHR-NP ©

UHR-P

L] T T T L T T T LE T L} T T ¥ 1
o ] 0 L] n o L} 10 Ll 3 ] o 5 0 18 b ]
Al length (mm) Al length (mm) Al length (mm)
hn FEP

LV {log)

3504

&
]
=
a4
u

o2
o
=

Al length (mm)

1 T
1 {13 0

Al length {mm)

Fig. 2. Scatter plots for the length of the adhesio interthalamica {Al) and lateral ventricular (V) volume. Abbreviations: FEP = first-episode psychosis: Sz=schizophrenia; UHR-P=ultra
high-risk individuals who developed psychosis; UHR-NP=ultra high-risk individuals who did not develop psychosis.
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(rho==0.194, p=0.013), and healthy controls (rho=-0.337, p=0001).
For the patient groups. the Al length was negatively correlated with
illness duration (chronic schizophrenia, rho=-0282, p=0.008) and
daily medication dosage (chronic schizophrenia, rho=-0.254,
p=0.034: FEP, rtho=-0.208, p=0.009),

The Al length was negatively correlated with ventricular enlarge-
ment in all the diagnostic groups (controls, rho=-0351, p<0.001;
UHR-NP, rho=-0250, p=0.015; UHR-F, rho=-0412, p=0.011; FEP,
rho=-0.313, p<0.001; and chronic schizophrenia, rho=-0.552,
p<0.001) (Fig. 2), while our previous study of the lateral ventricular
volume in the same sample (Pantelis et al, 2008) indicated significant
group difference [F3, 473)=717, p<0.001]; compared with the
controls, ventricular enlargement was 43.9% greater in chronic
schizophrenia, 11.9% larger In FEP and 3.3% larger in UHR subjects.

4. Discussion

To our knowledge, this is the first MRI study to report Al changes in
UHR subjects. The main findings were: (i) Al length was commonly
shorter in patients with psychotic disorders and UHR individuals as
cornpared with controls; (ii) the Al findings did not differ between the
UHR subjects who did and did not later develop psychosis; (iii) the Al
changes were more prominent in chronic schizophrenia patients
compared with FEP patients; and (iv) there was a negative correlation
between the Al length and lateral ventricular enlargement in all the
diagnostic groups.

4.1. Methodological issues

The prevalence of an absent Al in this study [17.0% (23/135) in the
first-episode and chronic schizophrenia patients and 2.3% (2/87) in
the controls] was comparable with or rather lower than that in
previous MRI studies [4.7-34.6% in the patients and 5.9-22.3% in the
controls (de Souza Crippa et al,, 2006; Erbagci et al,, 2002; Meisenzahl
et al, 2000, 2002; Nopoulos et al., 2001: Shimizu et al,, 2008; Snyder
et al,, 1998; Takahashi et al., 2008, in press)]. This wide variance in the
prevalence of Al missing may be partly due to differences among
previous studies in imaging techniques, criteria used to define the Al
as absent/present, and sample sizes or characteristics (e.g.. race,
gender distribution, first-episode or chronic patients), For example,
several studies defined the Al as present if it could be identified in at
least two coronal slices (de Souza Crippa et al, 2006; Erbagdi et al.,
2002; Nopoulos et al, 2001; Snyder et al, 1998), but differences in
slice thickness might lead 1o conflicting results. In fact, two MRI
studies with relatively thick slices (3 mm), which could potentially
miss a small Al, reported a higher prevalence of the absent Al (Erbagci
er al, 2002; Snyder et al, 1998). This study is strengthened by the
larger sample size and the use of thinner MRI slices, compared with
those in some previous studies. Nevertheless, the rate of Al absence in
the healthy controls in this study was even lower than that in recent
high-resolution MRI study [3/51 controls (Shimizu et al, 2008)),
which could detect smaller Als compared to previous studies. Thus,
our result of unexpectedly low prevalence of Al missing in healthy
controls would require further replication,

4.2. Al changes in psychotic disorders

Although the length of the Al seems to be related to age or gender
also in healthy comparisons, we replicated that the patients with
psychotic disorders exhibit a shorter Al and higher prevalence of Al
missing (Erbagci et al,, 2002; Nopoulos et al., 2001; Shimizu er al,
2008: Snyder et al., 1998, Takahashi et al,, 2008), consistent with the
notion that improper development in midline neural circuits may
explain the diverse symptoms of schizophrenia (Andreasen et al,
1994). This notion is also supported by the relationship between Al
absence or shorter length and clinical symptomatology in schizo-
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phrenia (Meisenzahl et al, 2000, 2002; Takahashi et al, 2008). The
midline nuclei of the thalamus including the Al have efferent
connections with the amygdaloid nuclei (Graff-Radford, 1997) and
are involved in the regulation of the dopamine release of the basal
ganglia (Romo et al., 1984). Low thalamic D2/D3 receptor binding
(Buchsbaum et al, 2006) as well as thalamic volume reduction
(Andreasen et al., 1994; Ettinger et al., 2001) implicates deficits of the
thalamic dopaminergic system (Sanchez-Conzalez et al,, 2005) in
schizophrenia, Our findings further suggest that the Al malformation
itself is present in a rather diverse population with psychotic
symptoms, such as affective psychosis or ather psychoses. This
possibility should be further confirmed on a larger and well-
characterized sample of patients.

4.3. Al changes as vulnerability

Consistent with previous observations in our UHR (Yicel et al.,
2003) and other clinical high-risk (Borgwardt et al, 2006) subjects,
the present results suggest that the high-risk subjects share, at least
partly, gross brain morphologic anomalies with patients with florid
psychosis. Our results also indicate that although shorter length of the
Al is present prior to the onset of psychosis, they do not identify
individuals who will subsequently develop psychosis, This suggests
that the Al changes are associated with an increased risk of psychosis
rather than representing a predictive marker of those who will
subsequently convert to psychosis, Our previous study in subjects
with schizotypal personality disorder, who have a higher incidence of
developing psychosis than the general population (Fenton and
McGlashan, 1989), also revealed evidence of Al absence or shorter
length similar to those found in established schizophrenia (Takahashi
et al, in press). Interestingly, first-degree relatives of schizophrenia
patients (Seidman et al., 1999) or schizotypal subjects (Byne et al,
2001) share the thalamic volume reduction with schizophrenia
patients, Although not supporting the role of the Al, one recent MRI
study in twins with and without schizophrenia suggested the
thalamic abnormalities to be related to genetic liability for schizo-
phrenia (Ettinger et al, 2007). Since the development of the Al occurs
around 13 to 14 weeks of gestation (Rosales et al, 1968), these
previous observations and results from the current study suggest that
the Al findings could be a marker of disturbed neural networks
including the thalamic and related regions during neurodevelopment,
which might be core components of the vulnerability to psychotic
disorders.

4.4, Possible non-neurodevelopmentul Al changes

The present and previous findings of the association between Al
and ventricular volume in healthy subjects and psychotic patients
(Meisenzahl et al, 2002; Snyder et al, 1998; Takahashi et al, 2008)
support the notion that the Al develops during early gestation in
concert with prominent features of the ventricular system (0'Rahilly
and Miiller, 1990; Rosales et al., 1968). On the other hand, these
findings can be interpreted as indicative of an effect of age-related
ventricular enlargement on the Al, because the Al also undergoes
Increasing atrophy with age (Rosales et al.. 1968). In fact, we found a
significant effect of age on Al length in our sample. In addition to the
consistent evidence for progressive ventricular enlargement in
schizophrenia (reviewed by Pantelis et al., 2005), our own data have
indicated that these progressive changes occur soon after the onset of
psychosis and result in evident ventricular enlargement in chronic
schizophrenia (Berger et al., 2007b; Pantelis et al., 2008). The current
results of prominent Al changes in chronic schizophrenia patients
compared with FEP patients as well as a negative correlation between
the Al length and illness duration or medication dosage are likely to
parallel these ventricular findings after the onset. The observation of
the inverse correlation between ventricular volume and Al length may
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potentially be explained by the increased loss of glial cells with the
onset and progression of the disorder and is in line with a recently
proposed neurobiological model of onset of psychosis (Berger et al..
2003.2007a). Taken together, our findings indicate that the Al findings
in psychosis cannot be fully explained by abnormal neurodevelop-
ment but may also reflect ongoing atrophy of the Al after the onset ol
psychosis possibly due to the illness itself and/or effect of antipsycho-
tics, and may be associated with or even be consequent on other
progressive brain structural changes.

4.5, Limitations

A few possible confounding factors should be taken into account. First,
the participants in this study were not matched for age and gender
between the groups. The Al has been implicated in early neurodevelop-
ment, but it also undergoes atrophy with age as mentioned above (Rosales
et al, 1968). A sexual dimorphism of the Al has also been reported in
healthy subjects (Allen and Gorski, 1991). We therefore used age as a
control variable in all analyses involving Al length. In addition, there was
no gender-by-diagnosis interaction in Al length in this study, Moreover,
statistical conclusions of the present study remained the same when we
separately analyzed the older groups (older controls and chronic
schizophrenia patients) and younger groups (younger controls, FEP, and
UHR subjects) using two age- and gender-matched control subgroups.
Nevertheless, the possibility exists that the sampling issue (e.g., 1Q) might
have biased our results. Secondly, detailed clinical data of the patients with
FEP and chronic schizophrenia such as the symptomatology at the
scanning. cumulative dose of antipsychotics. or information on obstetric
complications were not available, representing a limitation of this study.
Finally, as mentioned above, methodological differences between this
study and other studies in criteria used to define the Al as absent/present
limit the comparability of the present study. However. this methodological
issue did not affect our main findings based on Al length.

5. Conclusion

We found that the ultra high-risk individuals for developing
psychosis share the Al shorter length with patients with florid
psychosis, supporting its role as a neurodevelopmental marker related
to vulnerability to psychopathology. However, the current results of
prominent Al changes in chronic schizophrenia patients compared
with patients with first-episode psychosis suggest that Al findings in
psychotic disorders also reflect progressive brain changes related to
ongoing atrophy of the Al after the onset of illness. Additional
longitudinal studies would be essential for the understanding of the
nature of Al changes in the course of psychotic disorders.
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Abstract

An increased prevalence of large cavum septum pellucidum (CSP), a marker of midline neurodevelopmental abnormality, has
been reported in schizophrenia. However, not all studies have been able to replicate this finding and very few studies have been
conducted in large samples. In the current study, magnetic resonance imaging was used 10 assess the presence of an abnormal CSP
in 162 patients with first-episode psychosis (FEP), 89 patients with chronic schizophrenia, 135 ultra high-risk (UHR) individuals,
and 87 controls. The prevalence of a large CSP (>5.6 mm) did not differ between the groups (9.3% of the FEP patients, 11.2% of
the chronic schizophrenia patients, [1.1% of the UHR individuals, and 11.5% of the controls). The length of the CSP was not
associated with sulcal morphology of the anterior cingulate cortex (ACC), suggesting diflerent biological processes responsible for
the CSP enlargement versus ACC folding. These findings suggest that the CSP is not a neurodevelopmental marker of psychosis
and cast doubt over the notion that it plays a major role in the neurobiology of psychosis.
© 2008 Elsevier B.V. All rights reserved.

Keywords: Cavum septum pellucidum; Magnetic resonance unaging; Neurodevelopinent; High-nisk; Schizophrenia; Allective psychosis

1. Introduction CSP has been implicated m disorders of fetal neurode-
velopment (Rakic and Yakovlev, 1968). Several mag-

A cavum septum pellucidum (CSP) is considered to netic resonance imaging (MR1I) studies have reported an
be a normal anatomical vaniant, but an abnormally large increased prevalence of a large CSP in schizophrenia or

affective psychosis (Degreel et al, 1992ab; DeLisi
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(Weinberger, 1987), but have not been consistently
replicated (e.g., Hagino et al,, 2001; Takahashi et al.,
2007). In addition, it remains unclear if midline brain
abnormalities are specific to different types of psychotic
illness (Brisch et al., 2007; Jurjus et al, 1993; Kasai
et al., 2004; Shioiri et al., 1996).

Our previous MRI study in ultra high-risk (UHR)
individuals (Yiicel et al., 2003), 30-40% of whom made
the transition to psychosis within 12 months (Yung
et al,, 2003, 2004), as well as a study by Borgwardt et al.
(2006), who used similar criteria to recruit clinical high-
risk group, has shown that individuals at high-risk for
developing psychosis exhibit similar brain morphologic
anomalies to patients with established psvchotic dis-
orders. These findings presumably represent a vulner-
ability to psychopathology as a consequence of early
neurodevelopmental insult (Pantehs et al, 2005).
However, the few MRI studies which have focused on
the CSP in clinical high-risk subjects (Choi et al., 2008;
Borgwardt et al., 2007) or genetically at-risk individuals
(offspring and siblings of schizophrenia patients) (Choi
et al., 2008; Keshavan et al,, 2002; Rajarethinam et al.,
2008) have found no difference in the prevalence of a
large CSP between patients with first-episode psychosis,
high-risk subjects, and healthy comparison subjects
(Table 1).

In summary, the current evidence suggesis that
individuals at risk for psychosis do not exhibit larger
CSP while patients with schizophrenia do. There are
several possible explanations for these findings. Firstly,
it may be that a large CSP develops in the course of
schizophrenia, The CSP is thought to arise in early
neurodevelopment, but our data suggested that the age-
related ongoing atrophy of the adhesio interthalamica
(Al), another midline brain structure implicated in early
neurodevelopment, is accelerated in schizophrenia
(Takahashi et al., in submission). Although differences
in imaging techniques or definition of abnormal CSP
among the reports limit the comparability, the prevalence
of the large CSP in patients with first-episode psychosis
(16.2%, 12 of 74 patients) reported by Kasai et al. (2004)
is lower than that in chronically medicated schizophrenia
patients reported by the same group (26.7%, 4 of 15
patients) (Kwon ct al., 1998), Secondly, these discrepant
findings may reflect varying patient and control numbers
and different study populations. Especially, high-risk
groups examined in past studies might include a broad
range of subjects (ie., healthy subjects, patients with
schizophrenia spectrum, and subjects who will develop
psychosis). I only the high-risk subjects who subse-
quently develop psychosis exhibit abnormal CSP, this
sample heterogeneity could partly explain the negative

= 190 -

findings in previous studies. However, no study to date
has investigated larze numbers of patients across various
illness stages (1.e., high-nsk individuals with and without
later onset, first-episode and chronic schizophrenia)
compared to a control group and all scanned using the
same MRI sequence.

The current study sought to address these limitations
of previous studies by examining the prevalence of a
large CSP in a relatively large sample of patients with
first-cpisode psychosis, patients with chronic schizophre-
nia, and ultra high-risk individuals who did (UHR-P) and
did not (UHR-NP) develop psychosis compared with
control subjects. Based on our previous observations
(Yicel et al, 2002, 2003), we also investigated the
relationship between the CSP and surface morphology of
the anterior cingulate cortex (ACC), another marker of
carly neurodevelopment.

2. Methods
2.1. Subjects

One hundred and sixty-two patients with first-episode
psychosis (FEP), 89 patients with chronic schizophrenia,
135 individuals with ultra high-risk (UHR) for develop-
ing psychosis, and 87 healthy comparisons participated
in this study (Table 3). Inclusion criteria and demo-
graphic characteristics of the same sample, recruited
from 1994 to 2001, have been described previously
(Gamer et al., 2005; Velakoulis et al., 1999, 2006).

Briefly, the FEP patients were recruited from the
Early Psychosis Prevention and Intervention Centre,
were aged 16-30 years, and were currently psychotic as
reflected by the presence of at least one sympiom
(delusions, hallucinations, disorder of thinking or speech
other than simple acceleration or retardation, or dis-
organized, bizarre, or markedly inappropriate behavior).
Patients with chronic schizophrenia were recruited from
the Adult Mental Health Rehabilitation services of the
North Western Mental Health Program, Melbourne, and
healthy volunteers were recruited from similar socio-
demographic areas as the patients by approaching an-
cillary hospital staff and through advertisements. DSM-
[II-R diagnoses (American Psychiatric Association,
1990) of patients with FEP and chronic schizophrenia
were based on chart review and either the Structured
Clinical Interview for DSM-III-R (SCID; Spitzer el al,,
1990) or the Royal Park Multidiagnostic Instrument for
Psychosis (RPMIP; McGorry et al.,, 1989). Based on
these assessments, the FEP patients were further divided
into four subgroups: schizophrenia (n=46), schizophre-
niform psychosis (n=57), affective psychosis (n=34),
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Prevalence of large CSP in psychotic disorders and high-risk subjects demonstrated by recent high-resolution MR1*

Authors Slice thickness Criteria Sample Mean age Prelavence”
Nopoulos ¢t al. (1997) 1.5 mm =4 slices 52 82 +3 schizoafTective disorder 297 10.9% (n=6)
75 controls 173 13% (n=1)
Fukuzako and NA >5 mm 72 8z 287 9.7% (n=T7)
Kodoma (1998) 41 controls 320 4.9% (n=2)
Kwon et al. (1998) 1.5 mm =4 slices 30 Sz (15 first-episode, 15 chronic) 325 23.3% (n=7)
16 AfF 23.7 12.5% (n=2)
21SPD 38.7 14.3% (n=3)
46 controls 323 8.7% (n=4)
Nopoulos et ol. (1998) 1.0 mm 26 slices 24 childhood onset Sz 14.6 12.5% (n=3)
95 controls 117 1.1% (n=1)
Hagina ¢t al. (2001) 1.0 mm 26 slices 86 Sz 293 T.0% (n=6)
79 controls 24.0 3.8% (n=3)
Rajarcthinam et al. (2001) 1.0 mm 26 slices 73 Sz 353 4.1% (n=3)
43 controls 356 23% (n=1)
Keshavan et al. (2002) 3.0 mm =1 slice® 40 first-episode Sz 245 10.0% (n=4)
19 genetic high-risk subjects 14,9 0% (n=0)
59 controls 214 11.9% (n=T)
Kasai et al. (2004) 0.9375 mm 26 slices 33 first-episode Sz 24.7 18.2% (n=6)
41 first-episode AIT 228 14.6% (n=6)
56 controls 24.0 7.1% (n=4)
de Souza Crippa 1.0 mun =6 slices 38 chronic Sz 99 21.1% (n=8)
el al. (2006) 38 controls 29.7 2.6% (n=1)
Borgwardi et al. 3.0 mm NA 30 first-cpisode psychosis 303 313% (n=1)
(2006, 2007) 37 elinical high-risk subjects 279 54% (n=2)
26 controls 22.5 0% (n=0)
Dickey etal, (2007) 1.5 mm =4 shces 20 [emale SPD 288 25.0% (n=5)
29 [emale controls 308 6.9% (n=2)
Fiashman et al. (2007) 1.0 mm 26 slices 57 Sz +17 schizoaffective 343 14.3% (n=11)
disorder+ 3 psychosis NOS
535 contrals 327 9.1% (n=35)
Takahashi ¢t al. (2007) 1.0 mm =6 slices 154 Sz (maunly chronic) 28.0 6.5% (n=10)
47 SPD 5.0 10.6% (n=35)
163 controls 27.0 T4% (n=12)
Choi et al. (2008) 0.45 mm > 14 slices 23 genetic high-risk subjects 234 0% (n=0)
30 clinical high-risk subjects 221 13.3% (n=4)
34 controls 3.3 14.7% (n=5)
Rajarethinam et ul L0 mm =4 mm 89 first-episode Sz 23R 16.9% (n=157)
[2008) 64 genetic high-risk subjects 152 NA
120 controls 221 14.2% (n=177)

AL affective psychosis; NA, not available; NOS, not otherwise specified; SPD, schi

ypal per ler; Sz, schizophrenia,

ality di
y ¢

* For other studics using relatively thick MRI slices (>3 mm), see Nopoulos et al. (1997,
® Calculated as follows: 100 (number of subjects with a large CSP/mumber of all subjects).
© CSP was assessed using the grading system, but the incidence of CSP (21 slice) is shown here,

and other psychosis (e.g., psychosis not otherwise
specifies, briel psychosis) (n=25) (Velakoulis et al,
2006). All FEP patients were neuroleptic-naive prior to
admission but 150 had received neuroleptic medication
for a short period prior to scanning.

The UHR subjects were recruited from admissions to
the Personal Assessment and Crisis Evaluation (PACE)
Clinic. The PACE Clinic was established i 1994 to
identify young people at clinical risk for developing a
first psychotic episode within a short follow-up period

(Yung et al., 2004). Health professionals, school welfare
coordinators, leachers, other mental health service
providers, and social service workers refer potential
subjects to the Clinic (Phillips et al., 1999, 2002). The
UHR identification criteria are outhned in Table 2, and
the rationale for these criteria has been previously
described (Yung et al., 2004). All UHR subjects were
aged 14-30 years, had not experienced a previous
psychotic episode. Individuals were included in the
study if they had been followed up for at least 12 months
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Table 2
Ultra high-risk intake and exit criteria

Intake criteria

Group 1: Antenuated psycholic symptoms

® Presence of 21 of the following symptoms: idea of reference,
magical thinking, perceptual disturbance, paranoid ideation, and
odd thinking and speech (score of 2=3 on unusual thought content
subscale, 1-2 on hallucinations subscale, 2-3 on suspici
subscale, or 1-3 on conceptual disorganization subscale of BPRS)

® Held with a reasonable degree of conviction, as defined by a score of
2 on the CASH rating scale for delusions

® Frequency of symptoms is several times per week

® Change in mental state present for =1 week and not longer than
5 years

Group 2: Brief limited intermittent psychotic symptoms (BLIPS)

= Transient psychotic symptomns: presence of =1 of the following:
idea of reference, magical thinking, perceptual disturbance,
paranoid ideation, and odd thinking and speech [score of =4 on
unusual thought content subscale, =3 on hallucinations subscale,
=4 on suspiciousness subscale (or it is held with strong conviction,
as defined by a score of 2 3 on CASH mating subscale for delusions)
or 24 on conceptual disorganization subscale of BPRS)

® Duration of episode of <1 week

= Sympiloms resolve spontancously

* The BLIPS must have occurred within the pasi year

Group 3: Trait and state risk foctors

® First-degree relative with a psychotic disorder or schizotypal
personality disorder or individual has schizolypal personality
disorder

® Significant decrease in mental state or functioning maintained for
= | month (reduction in GAF scale of 30 points from premorbid
level)

® The decrease In functioning occurred within the past year

Exit criteria: acute psychosis

® Presence of = 1 of the following symptoms: hallucinations (defined
by a score of =3 on hallucinations subscale of BPRS), delusions
(defined by a score of =4 on unusual thought content subscale of
BPRS or =4 on suspiciousness subscale of BPRS), or it is held with
strong conviction, as defined by a score of =3 on CASH rating scale
for delusions or formal thought disorder (defined by a score of 24
on conceptual disorganization subscale of BPRS)

® Frequency of symptoms is at least several times a week to daily

® Duration of mental state change is >1 week

BPRS = brief psychiatric rating scale; CASH = comprehensive assess-
ment of symptoms and history; GAF =global assessment of function
scale. Peaple are included if they meet enteria for one or more of the
three groups.

(mean= 13 months, maximum=44 months). Afier base-
line scanning, they were monitored regularly for the
onset of psychotic symptoms based on operationalized
criteria (Yung et al., 2004) and were then divided into
subgroups according to the outcome at 12 months; 39
UHR subjects (28.9%) developed psychosis (UHR-P)
and 96 (71.1%) did not (UHR-NP). Family history of
psychosis in a first- or second-degree relative was
assessed by the interview using the Family Interview for
Genetic Studies (FIGS; Maxwell, 1992) as well as

interviews with a family member (Wood et al, 2005); 58
and 51 UHR subjects had a positive and negative family
history, respectively. Clear evidence of family history
was not available [or 26 UHR subjects.

All subjects were physically healthy, and none had a
lifetime history of serious head trauma, neurological
illness, serious medical or surgical illness, or DSM-ITI-R
criteria of alcohol or substance abuse or dependence.
Control subjects with a personal or family history of
psychiatric illness were excluded. This study was
approved by the regional ethics committee while written
informed consent was obtained from all subjects prior to
study participation.

2.2, Magnetic resonance imaging procedures

MR scans were acquired with a 1.5-T GE Signa scanner
(General Electric Medical Systems, Milwaukee, Wiscon-
sin). A 3D volumetnc spoiled gradient recalled echo in the
steady state sequence generated 124 contiguous 1.5 mm
coronal slices (TR=14.3 ms, TE=33 ms, Flip=30°,
FOV=24x24 ¢m, Matnix=256% 256, voxel dimension=
0.9375%0.9375 * 1.5 mm). The intracranial volume (ICV)
was measured to correct for differences in head size as
previously described (Eritaia et al., 2000; Velakoulis et al.,
2006); the four groups (FEP, chronic schizophrenia, UHR,
and controls) did not significantly differ in their ICV
volumes (Table 3).

For the assessment of the CSP, the image data were
processed using the software package Dr. View (AIS,
Tokyo, Japan). Brain images were realigned in three
dimensions and reconstrucied into coniiguous coronal
images, with a 0.9375-mm thickness, perpendicular to
the AC-PC line. Then, oue rater (TT) counted the
number of coronal slices where a cavum was seen. A
CSP equal to or greater than 6 slices (approximately
5.6 mm) was defined as large (Kasai et al., 2004), All
analyses were undertaken with the rater blinded to the
subject diagnosis. Inter- (TT and IH) and intra-rater
intraclass correlation coefficients (ICCs) in 30 randomly
selected brains were over 0.96.

As described in detail previously (Yiicel et al., 2002,
2003), ACC surface morphology was assessed on
several para-sagittal slices using MEDx 3.0 (Sensor
System, Stirling, VA, USA). Briefly, depending on the
presence or absence of the paracingulate sulcus and its
antero-posterior extent, three types of ACC sulcal pat-
tems were identified (promunent, present, or absent).
Based on the combination of left and right paracingulate
sulcus morphology, an asymmetry index was assigned to
cach individual in terms of a lefiward, symmetric, or
rightward bias.

= 199 =
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Table 3
Demographic ch istics of the participants
Controls UHR FEP Chronic Sz Group comparisons
(n=87) (n=135) (n=162) (n=89)
Age (years) 269x10.1 20136 21.5+34 34.949.6 F (3, 469)=109.63, p<0.01; Sz>all
other groups, controls>UHR and FEP
Male/female 5532 78/57 108/54 76/13 Chi-square=19.39, p<0,01; males> females
in 8z compared with all other groups
Handedness |0/VS 115/3/14 139/4/17 74/5/6 Chi-square=5.26, p=0.51
(right/inixed/left)*
Height (cm)* 175.3%9.7 17114290 172.8+£94 174379 F (3, 458)=4.22, p=0.012; controls>UHR
Premorbid 1Q*" 102.3210.5 95.7413.5 93.9413.6 95.615.1 F (3, 369)=6.72, p<0.01: controls>all
other groups
Duration of illness 54=87 4673+3613 F (1, 245)=260.44, p<0,01], Sz>FEP
(days)© (median=27) {medinn=3757)
Drug (mg/day, - - 154.7£118.2 8429£7158 F (1, 224)=136.66, p<0.01; Sz>FEP
CP equivalent)®
Intracramal volume 1450=143 1428147 14221133 1441£130 F (3, 468)=0.84, p=047"
(em’)
The values represent means £ SDs. CP, chlorpre . FEP, first-episode psychosis; Sz, schizophrenia; UHR, ultra high-nsk group.

* Data missing for some participants,
b Est 1 using the National Adult Reading Test (NART).

* Defined as the number of days between the first assessment and magnelic resonance imaging. Data on 4 patients (| with chronic Sz and 3 with

FEP) were not available.

¢ Atypical neuroleptic dosages were converied into CP equivalents using the guideline by Woods (2003). 25 patients (19 with chronic Sz and 6

with FEP) had incomplete medication data.

© ANCOVA with age as a covaniate and group as a between-subject factor was used.

2.3, Statistical analysis

Clinical and demographic differences between
groups were examined with one-way analysis of
variance (ANOVA) or chi-square test. Post hoc Scheffé’s
test was employed to follow-up the significant main
effects yielded by ANOVAs. The relationship between
the length of the CSP and age, height, or premorbid 1Q
was examined for each group using Pearson’s partial
correlation controlling for ICV. For this analysis, the
subjects without CSP (17 FEP, 11 chronic schizophrenia,
9 UHR, and 9 control subjects) were regarded as having a
CSP of 0.5 mm and then the length of the CSP was log-
transformed because of their skewed distribution (Taka-
hashi et al., 2007).

Chi-square tests, or Fisher’s exact tests when ex-
pected cell sizes were less than five, were used for
assessing the frequency of the large CSP. The length of
the CSP (log) was analyzed using the analysis of
covariance (ANCOVA) with ICV and age as covariates,
with diagnosis (FEP, chronic schizophrenia, UHR, and
control subjects) and gender as between-subject factors.

ACC data were available for 354 subjects (111 FEP,
71 chronic schizophrenia, 97 UHR, and 75 control
subjects). In order to examine the relationship between
the CSP and ACC folding pattern, the length of the CSP
(log) was analyzed by ANCOVA with age and ICV as

covariates, with diagnosis and ACC sulcal pattern for
each hemisphere (prominent, present, and absent) as
between-subject factors. The relationship between the
CSP length and paracingulate asymmetry index (lefi-
ward, symmetric, and rightward) was also analyzed
using the same model. The effect of the large CSP on
these ACC suleal features was tested by chi-square tests
or Fisher's exact tests for each diagnostic group.
Statistical significance was defined as p<0,05.

3. Results

Comparison of the groups revealed no difference in
handedness and ICV, but there were significant group
differences in age, gender, height, and premorbid 1Q
(Table 3). Premorbid IQ was negatively correlated
with the length of the CSP only for healthy comparisons
(r==0.243, p=0.035), but the correlation was not sig-
nificant after Bonferroni correction. The length of the
CSP was not correlated with age and height in all the
diagnostic groups.

Overall frequency of the CSP in the present sample
was 90.3% (427/473); there was no difference in its
prevalence among the diagnostic groups [89.5% (145/
162) in the FEP patients, 87.6% (78/89) in the chronic
schizophrenia patients, 93.3% (126/135) in the UHR
individuals, and 89.7% (78/87) in the controls] (chi-

- 193 -
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square=2.29, p=0.51) (Fig. 1). The prevalence of a
large CSP in the present sample was 10.6% (50/473)
[9.3% (15/162) in the FEP patients, 11.2% (10/89) in the
chronic schizophrenia patients, 11.1% (15/135) i the
UHR individuals, and 11.5% (10/87) in the controls],
with no between group differences (chi-square=0.46,
p=0.93). There was no difference in large CSP
prevalence among subgroups of the FEP patients
[6.5% (3/46) of schizophrenia, 11.1% (6/57) of schizo-
phreniform psychosis, 17.6% (6/34) of affective psy-
chosis, and 0% (0/25) of other psychosis; Fig. 2]
(p=0.12, Fisher's exact test) or between the UHR-P
[7.7% (3/39)] and UHR-NP [12.5% (12/96)] individuals
(p=0.42, Fisher's exact test). For the UHR subjects
whose family history of psychosis was available
(n=109), no difference in large CSP prevalence was
found between the UHR subjects with [13.8% (R/58)]
and without [7.8% (4/51)] a family history (p=0.32,
Fisher’s exact lest).

ANCOVA of the CSP length (log) revealed no
significant main effects for diagnosis [F (3, 463)=0.73,
p=0.537] and gender [F (1, 463)=0.65, p=0.421].
There was no diagnosis-by-gender interaction [F (3,
463)=0.66, p=0.579]. The CSP length did not differ
among subgroups of the FEP patients [F (3, 152)=1.17,
p=0.324] or between the UHR-P and UHR-NP
individuals [F (1, 129)=0.04, p=0.844].

For the relationship between the CSP and ACC
folding pattern, ANCOVAs of the CSP length revealed
no main effects of ACC sulcal features [left sulcal
pattern, F (2, 340)=2.83, p=0.060; right sulcal pattern,
F(2,340)=1.91, p=0.149; and asymmetry index, F (2,
340)=0.64, p=0.527] or diagnosis-by-ACC [left sulcal

404
" -4 Chronic 57 (N = §9)
l[ ~®-FEP (N = 162)
a0 4 A ~&=1JHR-P (N = 39
/ ~2=TUHR-NP (N = 96)
/ =0 Controls (N = K7)

Percentage of subjects
2

9 1 2 3 4 3 ’ ¢ 7T & 9 B 11
uver

Length of Cavumn Septi Pellucidi (number of 0.9375-mm slives)

Fig, 1. Length of the cavum septi pellucidi (CSP) in 473 participants, A
CSP equal o or greater than 6 slices (approximately 5.6 mm) was
defined as large. Abbreviations: FEP={irst-cpisode psychosis;
Sz=schizophrenia; UHR-P=ultra high-nsk individuals who devel-
aped psychosis; UHR-NP=ultra high-risk individuals who did not
develop psychosis.

-®-FE Sz (N = 46)

~0- FF S2form (N = 5T)
\ ~~FE Aff (N= M)
~0- FE Others (N = 25}

Percentage ol subjects

¢ 1 2 3 4 5 6 7 8 9 W0 1)
over

Length of Cavum Septi Pellucidi (number of .4375-mm slices)

Fig. 2. Length of the cavum septi pellucidi (CSP) in subgroups of 162
patients with first-episode psychosis. Abbreviations: FE= first-epi-
sode; Sz=schizophrenia; Szform=schizophreniform; Aff=aflective
psychosis; other=other psychoses,

pattern, £ (6, 340)=0.62, p=0.711; right sulcal pattern,
F(6,340)=1.04, p=0.397; and asymmetry index, F (6,
340)=0.35, p=0.912] interactions. Fisher’s exact tests
did not reveal any significant effects of the large CSP on
these ACC sulcal features.

4. Discussion

The current study did not identify any difference in
the prevalence of a large CSP between patienis with first-
episode psychosis, patients with chronic schizophrenia,
or ultra high-risk (UHR) subjects as compared with
healthy comparisons. In addition, there was no group
difference in the length of the CSP. Our findings suggest
that a large CSP is not a neurodevelopmental marker of
psychosis and that there is no diagnostic specificity of
abnormal CSP between schizophrenic versus affective
psychoses.

As discussed elsewhere (Takahashi et al., 2007), the
wide variance in the prevalence of the large CSP in
schizophrenia reported to date (approximately from 4%
o 30%) could be partly explained by differences in
imaging techniques or sample characteristics (e.g., race,
gender) among the reports, but our resulls were com-
parable with those in a large Japanese sample balanced
by gender, where 6.5% (10/154) of schizophrenia
patients and 7.4% (12/163) of healthy comparisons had
a large CSP (Takahashi et al., 2007).

In this study, we found no CSP abnormalities in UHR
subjects compared with healthy subjects. In addition,
family history of psychosis is not likely to affect the CSP
findings in our UTR sample. These observations arc
consistent with previous MRI studies showing no higher
prevalence of a large CSP in other clinical (Borgwardt
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et al., 2007; Choi et al., 2008) or genetic (Choi et al,,
2008: Keshavan et al., 2002; Rajarethinam et al., 2008)
high-nisk cohorts. The findings of this study are also
generally in line with our previous MRI study that
reported no difference in the prevalence of the large CSP
between subjects with schizotypal personality disorder
(SPD) [10.6% (5/47)] and healthy controls (Takahashi
el al,, 2007), as SPD subjects with decreased functioning
also fulfill the UHR criteria (Yung et al., 2004). These
findings suggest that abnonmal CSP may not play a
major role in the vulnerability to psychosis, but do not
exclude the possibility that other midline cerebral mal-
formations such as an absence of the adhesio inter-
thalamica (Al) (de Souza Crippa et al., 2006) could be a
marker of neurodevelopmental pathology of psychotic
disorders. In fact, only 4/473 subjects (chronic schizo-
phrenia patients) in the current study presented both
large CSP and absence of the Al (unpublished data),
implicating that abnormalities in these two midline
structures are not closely associated with each other in
the neurobiology of psychotic disorders.

Studies of incidental MRI findings in patients with
schizophrenia are largely consistent with the findings of
the current study. Our own work in a large sample has
identified no increased prevalence of incidental findings
in UHR individuals or first-episode patients compared to
control subjects (Lubman et al., 2002; Patrikios, unpub-
lished data). Nearly half of the patients with chronic
schizophrema exhibited incidental findings, which were
more likely to have been acquired rather than have
developmental origin (Lubman et al,, 2002),

Our previous studies of the surface morphology in
anterior cingulate cortex (ACC) have shown that UHR
individuals share abnormalities in ACC sulcus/gyral
folding, which are thought to represent prenatal neuro-
developmental insult, with established schizophrenia
(Yiicel et al., 2002, 2003). In this study, we found no
direct relationship between the CSP and ACC surface
morphology, suggesting different biological processes
responsible for these potential neurodevelopmental
markers. Given that ACC folding is almost complete
by the third trimester of gestation (Chi et al., 1977) while
fusion of the septi pellucidi occurs within 3-6 months of
birth (Shaw and Alvord, 1969), our findings in these
structures may provide a clue to the timing of neuro-
developmental abnormalities underlying psychosis.

Several limitations of the current study should be
taken into account. First, we examined the anterior-
posterior length of the CSP in this study but did not
assess its overall size. As suggested by Choi etal. (2008),
the possibility exists that only the length of the CSP
might not be sensitive enough to detect existing changes
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of the CSP in high-risk subjects or patients with psy-
chotic disorders. However, a recent study using high-
resolution MRI indicated that the length the CSP is
highly correlated with its volume in both schizophrenia
and healthy control subjects (de Souza Crippa et al.,
2006). Second, detailed clinical data of the patients with
FEP and chronic schizophrenia such as the symptoma-
tology at the scanning, family history of psychosis, or
information on obstetric complications were not avail-
able, representing a limitation of this study. In addition, a
larger number of subjects with a large CSP are needed to
further explore the association of an abnormal CSP with
other structural abnormalities (Kwon et al., 1998; Kasai
el al., 2004) and with the cognitive and clinical charac-
teristics (Flashman et al., 2007: Nopoulos etal,, 2000) of
psychotic disorders.

In conclusion, we found no difference in the pre-
valence of abnormal CSP as well as the size of the CSP
in a large sample of chronic schizophrenia, first-episode
psychosis, and ultra high-risk individuals compared
with healthy comparisons. The negative findings of the
present study thus suggest that the CSP is unlikely to be
related to the neurobiology of emerging psychotic
disorders,
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