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Abstract The cavum septum pellucidum (CSP), a puta-
tive marker of neurodevelopmental anomaly, has been
associated with an increased risk of several psychiatric
disorders. The purpose of this study was to evaluate the
CSP in patients with obsessive—compulsive disorder
(OCD) compared with healthy control subjects. Seventy-
one patients with OCD and 71 healthy volunteers matched
for age and sex were evaluated with magnetic resonance
imaging. We evaluated the CSP using criteria employed in
previous studies: presence of the CSP, length of the CSP,
and overall size of the CSP, measured in five grades,
ranging from grades 0 (no CSP) to 4 (severe CSP). We
evaluated OCD symptom severity using the Yale-Brown
Obsessive—Compulsive Scale (Y-BOCS). The CSP pres-
ence was significantly greater in the OCD group (60.6%)
than in control subjects (29.6%), and CSP size grade was
significantly larger in the OCD group (x* = 15.609,
P = 0.004). CSP length showed no significant group dif-
ference. Among patients with OCD, those with a CSP had
higher scores on the obsession subscale of the Y-BOCS
than those without a CSP (Z = —2.358, P = 0.018), while
they did not show significant difference from those without
a CSP in the compulsion subscale of the Y-BOCS, age,
duration of illness, or age at onset. These results indicate
that neurodevelopmental alterations in midline structures
might contribute to the pathogenesis of OCD.
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Introduction

Obsessive—compulsive disorder (OCD) is a disabling psy-
chiatric disorder, often with a chronic course [6]. It is quite
common in the general population, with a 1-month prev-
alence of 0.3-3.1% [14]. Its pathogenesis is considered to
be a combination of both genetic vulnerability and envi-
ronmental influence, although relatively little is known
about how the two factors interact [19].

Some studies have suggested that a neurodevelopmental
model may facilitate understanding of OCD [5, 39]. The
onset of OCD is seen in children as young as 5-8 years of
age [15], and it is often comorbid with Tourette’s syn-
drome, a known neurodevelopmental disorder [37]. Many
family studies have found increased incidence of OCD in
first-degree relatives of patients with OCD [14], and twin
studies show a greater concordance rate for monozygotic
than for dizygotic twins (67.5 vs. 31.0%, respectively) [3].
These findings suggest the presence of pathophysiological
processes early in life, sometimes before the onset of overt
obsessive—compulsive symptoms and implicate neurode-
velopmental disturbance as one of the likely pathogenetic
contributors to OCD.

Both structural and functional neuroimaging studies
have shown the dysfunction [19], or more specifically, the
imbalance [21], of the fronto-striatal-thalamic loop in
patients with OCD, identifying the neural circuit underly-
ing OCD as a neurobiological phenomenon. The fact that
neurological soft signs, which are known to be suggestive
of dysfunctional cortico-cerebellar-thalamic-cortical circuit
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in patients with schizophrenia [9, 47] are sometimes seen
in healthy subjects who later develop OCD [34], also points
to this direction. However, whether this dysfunctional cir-
cuit is evidence of disturbed neurodevelopment is unclear,
as both structural and functional abnormalities in OCD can
be reversed by pharmacotherapy [17, 23, 48].

The cavum septum pellucidum (CSP) has been identi-
fied as a putative marker of disrupted earlier neurodevel-
opment, and its presence has been examined in several
psychiatric disorders, including schizophrenia and schizo-
typal personality disorder [11, 30], bipolar disorder [28],
and Tourette’s syndrome [27].

The septum pellucidum, a thin vertical partition of white
matter separating the two lateral ventricles, is composed of
two laminae [42]. During the fifth and sixth weeks of
gestational age, these laminae usually become fused.
Nonunion of the two laminae of the septum pellucidum
results in CSP, a space between them [4].

Less is known about the role of the fiber tracts and
sparse neurons contained in the septum pellucidum other
than the structure’s role as a “relay station” for the limbic
system, with connections to the hippocampus and hypo-
thalamus [42]. However, the septum pellucidum is linked
closely with the corpus callosum and the hippocampus in
development [43], and it probably closes due to their rapid
growth [42]. Although some reports have identified inci-
dences of a CSP after blows to the head in boxers [33] or as
a complication of surgical procedures [44], the CSP is
thought to occur primarily due to the developmental non-
union of the two septal laminae. Hence, the CSP appears to
reflect abnormal growth of the limbic structure.

Given the importance of the limbic structure in the
pathophysiology of OCD [40], the presence of the CSP in
patients with OCD could help in clarifying the role of
neurodevelopment in OCD. To our knowledge, no one has
yet studied the presence of the CSP in patients with OCD,
with the exception of one study whose focus was on
Tourette’s syndrome [27]. The present study sought to
compare the incidence and size of the CSP in patients with
OCD and normal control subjects, with our primary
hypothesis being that a CSP would be more prevalent
among patients with OCD and/or that measures of CSP
magnitude would be greater in these patients than in the
control group.

Methods
Subjects
Seventy-one patients with OCD were recruited from Seoul

National University Hospital; an equal number of and age-
and sex-matched healthy control subjects were recruited
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from the community, through an Internet advertisement or
the social networks of hospital staff. These were the same
subjects as those described in a previous report by our
group [49]. Each group was composed of 47 men and 24
women. The mean ages of the patients and the control
subjects were 25.68 years (SD = 6.09) and 26.61 years
(SD = 7.50), respectively.

All patients met the criteria set by the Diagnostic and
Statistical Manual of Mental Disorders-IV (DSM-1V) for
OCD diagnosis using the Structured Clinical Interview for
DSM-IV (SCID) [12]. Patients’ mean age at the onset of
OCD was 18.59 years (SD = 6.52). At the time of the
study, patients had been ill for an average of 8.02 years
(SD = 6.10). The severity of OCD symptoms was assessed
using the Yale-Brown Obsessive—Compulsive Scale (Y-
BOCS) [18]. Mean scores for obsessive symptoms, com-
pulsive symptoms, and total scale were 12.35 (SD = 4.31),
10.49 (SD = 5.00), and 22.84 (SD = 8.40), respectively.
Four patients with OCD had a history of major depressive
disorder and three had a history of another anxiety disorder.
Eighteen patients were taking a selective serotonin-reup-
take inhibitor (fluoxetine equivalent mean daily
dose = 57.8 mg, SD = 25.1 mg) and eight of these 18
subjects were also taking an atypical antipsychotic agent
(chlorpromazine equivalent mean daily dose = 75.0 mg,
SD = 57.7 mg). The remaining 53 patients had been
medication free for at least 4 weeks at the time of this
study.

We screened control subjects using the SCID to exclude
any concurrent or lifetime history of DSM-IV Axis I Dis-
orders. None of the control subjects had a history of any
major neurological or medical illnesses or of substance
abuse. Neither did they have any relatives with psychiatric
disorders within the third degree. The study protocol and
forms were approved by the institutional review board and
we obtained written informed consent from all subjects.

Magnetic resonance imaging acquisition and image
processing

We used a 1.5-T GE SIGNA Scanner (GE Medical Sys-
tems, Milwaukee, MI, USA) to obtain three-dimensional
T1-weighted spoiled gradient-echo magnetic resonance
(MR) images. The following parameters were used in
obtaining sagittal images: slice thickness = 1.5 mm, echo
time = 5.5 ms, repetition time = 14.4 ms, number of
excitations = 1, rotation angle = 20°, field of view =
21 x 21 cm, and matrix size = 256 x 256. We used the
imageprocessing software ANALYZE (version 7.0; Mayo
Foundation, Rochester, MN, USA) to process the MR
images. We resampled all MR images to 1.0 mm®
iso-voxels, and spatially realigned images along the
anteroposterior axis of the brain parallel to the
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intercommissural line; the other two axes were aligned
along the interhemispheric fissure.

Measurements of the CSP

To determine the presence and dimensions of the CSP, we
integrated criteria that had been used frequently in previous
studies, just as we had in our previous work focusing on the
CSP in individuals at high risk for developing psychosis
[8]. First, the presence of the CSP was defined as its
appearance on at least one coronal magnetic resonance
imaging slice. Second, length of the CSP was determined
to the nearest 1.0 mm by counting the number of contig-
uous slices on which it was present. We defined any CSP
equal to or greater than 6 mm in length, that is, occurring
on six or more slices, as being abnormally large [11, 30,
36]. Third, to establish the grade of the CSP, we used a
system based on considerations of length, width, and
overall size. The grades were as follows: O (absent), 1
(questionable), 2 (mild), 3 (moderate), and 4 (severe). We
assigned a rating of 0 if an intact septum pellucidum was
clearly visible in all slices (i.e., no CSP was present), and a
rating of 1 if the septum was unclear (i.e., questionable
CSP). We assigned a rating of 2 if a distinct CSP space
with cerebrospinal fluid signal intensity was present, but
the space was not wider than the thickness of the septum, 3
if CSP space was wider than the septum thickness, but
occupied less than half of the ventricular space, and 4 if the
CSP occupied at least half of the ventricular space [8, 27].

Reliability of the ratings was aided by comparison with
a set of standard CSP images for each ordinal grade
(Fig. 1). Based on the definition provided by Degreef et al.
[10], we defined grades 0—1 as normal CSP and grades 2—4
as abnormal CSP. For all cases, a single rater (M.W.C),
who was blind to the group membership of the cases,
determined the presence and grade of the CSP as well as
the number of slices showing the CSP. We selected 50
cases at random for reliability measures; all of these cases
were reviewed by two individual raters (M.W.C, J.S.C.).
The intra-class correlation coefficient for inter-rater reli-
ability was 0.97 for the number of slices and 0.95 for the
grade.

Statistical analysis

We used x* and linear by linear association tests to assess
differences between the OCD and control groups in the
presence and grade of the CSP. We also assessed sex
differences in the presence of the CSP using a y° test.
Mann—Whitney tests assessed differences between the
patient and control groups, or between patients with CSP
and those without, on the dimensions of age, duration of
illness, age at onset, and symptom severity. Spearman’s

correlation was used to assess if age, duration of illness,
age at onset or dose of medication was correlated with
CSP grade. Two-tailed P < 0.05 was considered statisti-
cally significant.

Results

Data on the presence, length and grade of the CSP in the
two groups are presented in Table 1. The presence of any
CSP was significantly more frequent in the OCD group
(}52 = 13.768, P < 0.001), but the presence of an abnor-
mally large (=6 mm) CSP was not (12 = 0.530,
P = 0.467). The results showed no significant difference
between groups in the presence of an abnormal CSP,
defined as grade >2 (4> = 1.659, P = 0.193).

All three patients with OCD who were left handed had a
CSP. However, the more frequent appearance of CSP in the
OCD group compared with controls was still significant
(}52 = 10.374, P = 0.0012) even after these three subjects
were excluded from the analysis. Male patients appeared
more likely to have a CSP, but not to a statistically sig-
nificant degree (3> = 3.294, P = 0.070). We compared
patients with a CSP and those without a CSP in terms of
age at onset, duration of illness, and Y-BOCS scores (total
score, obsession subscale, and compulsion subscale)
(Table 2). Mann—Whitney test indicated that the mean Y-
BOCS obsession score was significantly higher in patients
with OCD who had a CSP than in those without a CSP
(Z = —2.358, P = 0.018), even after Bonferroni correc-
tion. This finding remained still significant (Z = —2.530,
P =0.011) even when the medicated subjects (n = 18)
were excluded from the analysis. However, differences
were not significant in the mean Y-BOCS compulsion
subscale or mean total scores. In medicated subjects,
Pearson’s correlation showed that the grade of the CSP was
not significantly correlated with the dose of either selective
serotonin-reuptake inhibitor (P = 0.390) or atypical anti-
psychotic agent (P = 0.498). No significant differences
were seen between the CSP and non-CSP groups in terms
of age, duration of illness or age at onset, and the CSP
grade bore no correlation with these variables.

Discussion

We found a significant difference in the presence of any
CSP between patients with OCD and normal subjects, but
not in the frequency of an abnormally large CSP. Patients
with OCD who had a CSP scored higher on the Y-BOCS
obsession subscale, suggesting a possible relationship
between the presence of any CSP and the severity of
symptoms.
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Fig. 1 Illustrative examples of
the different grades of the Grade”

cavum septum pellucidum

L 3

Table 1 Comparison of CSP in OCD and control group

Control (n = 71) OCD (n =171) Analysis
s P
Grade

0 50 (70.4%) 28 (39.4%)

1 11 (15.5%) 27 (38.0%)

2 7 (9.9%) 14 (19.7%)

3 2 (2.8%) 1 (1.4%)

4 1 (1.4%) 1 (1.4%) 15.609* 0.004%*+
CSP presence (grade >1) 21 (29.6%) 43 (60.6%) 13.768 <0.0011
Abnormal CSP (grade >2) 10 (14.1%) 16 (22.5%) 1.695 0.193
Abnormally large CSP (=6 mm) 3 (4.2%) 5 (7.0%) 0.530 0.467

CSP cavum septum pellucidum, OCD obsessive—compulsive disorder
*For a 2 x 5 table, df = 4
P < 0.05

Because previous studies found that the occurrence of a
grade 1 CSP was no more frequent in patients with
schizophrenia or bipolar disorder than in normal control
subjects [13, 26, 30, 35], having a grade 1 CSP has often
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been regarded as being within the range of normal vari-
ance. However, because patients with bipolar disorder
showed a greater prevalence of a CSP, including a grade 1
CSP [45], we did not exclude the possible significance of a
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Table 2 Demographic and clinical data within OCD group according to the presence of CSP
OCD (n =171) CSP present (n = 43) CSP absent (n = 28) Analysis
s P
Handedness
Right handed 40 (93.0%) 28 (100.0%) 2.040 0.153
Left handed 3 (7.0%) 0 (0.0%)
Sex
M 32 (74.4%) 15 (53.6%) 3.294 0.070
F 11 (25.6%) 13 (46.4%)
OCD (n=171) CSP present (n = 43) CSP absent (n = 28) VA P
Age 26.86 + 8.13 26.21 £+ 6.52 —0.112 0911
Onset age 19.02 £+ 7.03 17.93 £ 5.70 —0.549 0.583
Duration of illness 8.06 £ 6.52 7.98 £ 5.52 —0.183 0.855
YBOCS
Obsession 13.64 + 2.66 11.69 + 4.37 —2.358 0.018%*
Compulsion 11.26 £ 4.44 10.46 £ 4.96 —0.842 0.400
Total 2490 + 5.98 22.15 £+ 8.30 —1.375 0.169

CSP cavum septum pellucidum, OCD obsessive—compulsive disorder, YBOCS Yale-Brown Obsessive—-Compulsive Scale

* P <0.05

grade 1 CSP in the present research. Our results suggest
that a grade 1 CSP (i.e., a questionable CSP) might have
clinical significance in OCD.

The presence of a CSP may be a marker for develop-
mental dysgenesis of midline structures rather than for a
specific disorder. In this respect, our results could be in
accordance with the previous neuroimaging studies on the
shared abnormality of patients with OCD and patients with
schizophrenia. Structural defect common to these two
disorders occur not only in some parts of the prefrontal
cortex [20], but also in a number of limbic structures. A
nonspecific bilateral hippocampal volume reduction [31]
and shape deformity of the hippocampus [24, 32] or tha-
lamic surface [25] in both patients with schizophrenia and
those with OCD support the possible common role of
limbic dysgenesis in the pathogenesis of these two disor-
ders. As mentioned above, most previous studies found
CSP of at least grade 2 to be associated with schizophrenia,
whereas our OCD patients showed increased prevalence of
CSP only when grade 1 was included. Therefore, our
results cannot be the direct evidence that the two disorders
share the same limbic pathology. However, from the vol-
ume reduction in specific brain regions [38] to fractal
dimensions of the skeletonized cerebral cortical surface
[22], patients with OCD show abnormalities quite similar
to, but less in severity than, those seen in patients with
schizophrenia. Therefore, our findings suggesting an
association between OCD and a subtler form of CSP might
reflect a difference in the degree of structural anomaly
between the two disorders. Had we included patients with

schizophrenia in our study, we could have examined this
postulated difference across diagnoses.

In patients with schizophrenia spectrum disorders, the
presence of a CSP has been correlated with cognitive
dysfunction, specifically, poor performance in the Wechs-
ler Adult Intelligence Scale—Revised Full Scale 1Q [35] and
verbal learning and memory [13]. Patients with OCD also
tend to show both verbal and nonverbal memory deficits [7,
40], but the cognitive deficit is not as severe as in patients
with schizophrenia [29]. Perhaps, the neurocognitive defi-
cits shared by schizophrenia and OCD constitute evidence
of common limbic dysgenesis, with the occurrence of the
CSP in both disorders being one piece of indirect ana-
tomical evidence. This hypothesis suggests further studies
examining the relationship between cognitive function and
the presence of CSP in patients with OCD.

In contrast to the previous studies involving schizo-
phrenia or bipolar disorder [26, 28], we failed to demon-
strate any significant difference in the occurrence of a CSP
(grade >2) or in the incidence of an abnormally large CSP
(=6 mm). Yet, patients with OCD in the current study
showed a slightly more frequent abnormal CSP or an
abnormally large CSP than the healthy control group,
although the difference was not statistically significant. The
number of subjects in the present study may have been
insufficient to detect subtle differences in the occurrence of
an abnormal or abnormally large CSP between the OCD
and control groups. However, given that the number of
subjects in the present study was similar to that in most
previous studies on the CSP, our results are more likely to
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reflect a lesser degree of structural abnormality in patients
with OCD than has been reported for patients with
schizophrenia or bipolar disorder.

Our findings show that patients having OCD with a CSP
had higher scores in the Y-BOCS obsession subscale,
suggesting that the CSP has an effect on symptom severity
in these patients. This is in accordance with one previous
diffusion-tensor imaging study [41], in which fractional
anisotropy in the rostrum of corpus callosum negatively
correlated with Y-BOCS score.

The current study has some limitations. Although MR
scanning with a slice thickness of 1.5 mm is often used in
the current literature [46], MR studies with thinner slices
[8] might reveal what ones with thicker slices do not. In
this respect, thinner slices could have resulted in a more
accurate analysis. Also, subjects with OCD in this study
were heterogeneous in their medication status, and the
medication status in patients with OCD is known to affect
structural imaging findings [17], although our results show
that medication did not significantly affect our findings. In
addition, previous studies on patients with bipolar disorder
showed different patterns of CSP occurrence depending on
the disease course and duration of illness [28, 45]. Simi-
larly, specific obsessive—compulsive symptom dimensions
such as hoarding [2, 16], or the absence of insight [1],
independently affect the structural abnormality. However,
the design of the current study did not allow for deter-
mining the impact of medication status, duration of illness,
or disease course. These forms of heterogeneity among
subjects with OCD may have contributed to the dilution of
our results. Subsequent studies with larger samples or more
homogeneous subject groups would further elucidate these
limitations. Lack of measures for other evidences of early
neurodevelopmental disturbances, or the missing correla-
tion between the age at onset and presence or grade of CSP
also precludes from reaching a firm conclusion, although
this remains to be validated in further studies.

Conclusion

Patients with OCD in our study more frequently showed
the presence of a CSP than the normal control subjects.
Moreover, the presence of a CSP may be associated with
the severity of obsessive symptoms. Our findings add to
existing morphologic evidence supporting the role of subtle
neurodevelopmental abnormalities in the pathogenesis of
OCD.

Acknowledgments This paper was supported by a Grant
(M103KV010012-08K2201-01210) from the Brain Research Center
of the 21st Century Frontier Research Program funded by the Ministry
of Science and Technology of the Republic of Korea.

@ Springer

References

1. Aigner M, Zitter] W, Prayer D, Demal U, Bach M, Prayer L,
Stompe T, Lenz G (2005) Magnetic resonance imaging in
patients with obsessive—compulsive disorder with good versus
poor insight. Psychiatry Res 140:173-179

2. An SK, Mataix-Cols D, Lawrence NS, Wooderson S, Giampietro
V, Speckens A, Brammer MJ, Phillips ML (2009) To discard or
not to discard: the neural basis of hoarding symptoms in obses-
sive—compulsive disorder. Mol Psychiatry 14:318-331

3. Aouizerate B, Guehl D, Cuny E, Rougier A, Bioulac B, Tignol J,
Burbaud P (2004) Pathophysiology of obsessive—compulsive
disorder: a necessary link between phenomenology, neuropsy-
chology, imagery and physiology. Prog Neurobiol 72:195-221

4. Born CM, Meisenzahl EM, Frodl T, Pfluger T, Reiser M, Moller
HJ, Leinsinger GL (2004) The septum pellucidum and its vari-
ants: an MRI study. Eur Arch Psychiatry Clin Neurosci 254:295—
302

5. Bradshaw JL, Sheppard DM (2000) The neurodevelopmental
frontostriatal disorders: evolutionary adaptiveness and anomalous
lateralization. Brain Lang 73:297-320

6. Bystritsky A, Liberman RP, Hwang S, Wallace CJ, Vapnik T,
Maindment K, Saxena S (2001) Social functioning and quality of
life comparisons between obsessive—compulsive and schizo-
phrenic disorders. Depress Anxiety 14:214-218

7. Cha KR, Koo MS, Kim CH, Kim JW, Oh WJ, Suh HS, Lee HS
(2008) Nonverbal memory dysfunction in obsessive—compulsive
disorder patients with checking compulsions. Depress Anxiety
25:E115-E120

8. Choi JS, Kang DH, Park JY, Jung WH, Choi CH, Chon MW,
Jung MH, Lee JM, Kwon JS (2008) Cavum septum pellucidum in
subjects at ultra-high risk for psychosis: compared with first-
degree relatives of patients with schizophrenia and healthy vol-
unteers. Prog Neuropsychopharmacol Biol Psychiatry 32:1326—
1330

9. Dazzan P, Morgan KD, Orr KG, Hutchinson G, Chitnis X,
Suckling J, Fearon P, Salvo J, McGuire PK, Mallett RM, Jones
PB, Leff J, Murray RM (2004) The structural brain correlates of
neurological soft signs in AESOP first-episode psychoses study.
Brain 127:143-153

10. Degreef G, Bogerts B, Falkai P, Greve B, Lantos G, Ashtari M,
Lieberman J (1992) Increased prevalence of the cavum septum
pellucidum in magnetic resonance scans and post-mortem brains
of schizophrenic patients. Psychiatry Res 45:1-13

11. Dickey CC, McCarley RW, Xu ML, Seidman LJ, Voglmaier
MM, Niznikiewicz MA, Connor E, Shenton ME (2007) MRI
abnormalities of the hippocampus and cavum septi pellucidi in
females with schizotypal personality disorder. Schizophr Res
89:49-58

12. First M, Spitzer R, Bibbon M, Williams J (1996) Structured
Clinical Interview for DSM-1V Axis I Disorders. New York State
Psychiatric Institute, Biometrics Research, New York

13. Flashman LA, Roth RM, Pixley HS, Cleavinger HB, McAllister
TW, Vidaver R, Saykin AJ (2007) Cavum septum pellucidum in
schizophrenia: clinical and neuropsychological correlates. Psy-
chiatry Res 154:147-155

14. Fontenelle LF, Mendlowicz MV, Versiani M (2006) The
descriptive epidemiology of obsessive—compulsive disorder. Prog
Neuropsychopharmacol Biol Psychiatry 30:327-337

15. Freeman JB, Garcia AM, Coyne L, Ale C, Przeworski A, Himle
M, Compton S, Leonard HL (2008) Early childhood OCD: pre-
liminary findings from a family-based cognitive-behavioral
approach. J] Am Acad Child Adolesc Psychiatry 47:593-602

16. Gilbert AR, Mataix-Cols D, Almeida JR, Lawrence N, Nutche J,
Diwadkar V, Keshavan MS, Phillips ML (2008) Brain structure



Eur Arch Psychiatry Clin Neurosci (2010) 260:337-343

343

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

and symptom dimension relationships in obsessive—compulsive
disorder: a voxel-based morphometry study. J Affect Disord
109:117-126

. Gilbert AR, Moore GJ, Keshavan MS, Paulson LA, Narula V,

Mac Master FP, Stewart CM, Rosenberg DR (2000) Decrease in
thalamic volumes of pediatric patients with obsessive—compul-
sive disorder who are taking paroxetine. Arch Gen Psychiatry
57:449-456

Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleisch-
mann RL, Hill CL, Heninger GR, Charney DS (1989) The Yale—
Brown Obsessive—Compulsive Scale. I. Development, use, and
reliability. Arch Gen Psychiatry 46:1006-1011

Grisham JR, Anderson TM, Sachdev PS (2008) Genetic and
environmental influences on obsessive—compulsive disorder. Eur
Arch Psychiatry Clin Neurosci 258:107-116

Gross-Isseroff R, Hermesh H, Zohar J, Weizman A (2003)
Neuroimaging communality between schizophrenia and obses-
sive—compulsive disorder: a putative basis for schizo-obsessive
disorder? World J Biol Psychiatry 4:129-134

Gu BM, Park JY, Kang DH, Lee SJ, Yoo SY, Jo HJ, Choi CH,
Lee JM, Kwon JS (2008) Neural correlates of cognitive inflexi-
bility during task-switching in obsessive—compulsive disorder.
Brain 131:155-164

Ha TH, Yoon U, Lee KJ, Shin YW, Lee JM, Kim IY, Ha KS,
Kim SI, Kwon JS (2005) Fractal dimension of cerebral cortical
surface in schizophrenia and obsessive—compulsive disorder.
Neurosci Lett 384:172-176

Ho Pian KL, van Megen HJ, Ramsey NF, Mandl R, van Rijk PP,
Wynne HJ, Westenberg HG (2005) Decreased thalamic blood
flow in obsessive—compulsive disorder patients responding to
fluvoxamine. Psychiatry Res 138:89-97

Hong SB, Shin YW, Kim SH, Yoo SY, Lee JM, Kim IY, Kim SI,
Kwon JS (2007) Hippocampal shape deformity analysis in
obsessive—compulsive disorder. Eur Arch Psychiatry Clin Neu-
rosci 257:185-190

Kang DH, Kim SH, Kim CW, Choi JS, Jang JH, Jung MH, Lee
JM, Kim SI, Kwon JS (2008) Thalamus surface shape deformity
in obsessive—compulsive disorder and schizophrenia. Neuroreport
19:609-613

Kasai K, McCarley RW, Salisbury DF, Onitsuka T, Demeo S,
Yurgelun-Todd D, Kikinis R, Jolesz FA, Shenton ME (2004)
Cavum septi pellucidi in first-episode schizophrenia and first-
episode affective psychosis: an MRI study. Schizophr Res 71:65—
76

Kim KIJ, Peterson BS (2003) Cavum septi pellucidi in Tourette
syndrome. Biol Psychiatry 54:76-85

Kim MJ, Lyoo IK, Dager SR, Friedman SD, Chey J, Hwang J,
Lee YJ, Dunner DL, Renshaw PF (2007) The occurrence of
cavum septi pellucidi enlargement is increased in bipolar disorder
patients. Bipolar Disord 9:274-280

Kitis A, Akdede BB, Alptekin K, Akvardar Y, Arkar H, Erol A,
Kaya N (2007) Cognitive dysfunctions in patients with obses-
sive—compulsive disorder compared to the patients with schizo-
phrenia patients: relation to overvalued ideas. Prog
Neuropsychopharmacol Biol Psychiatry 31:254-261

Kwon JS, Shenton ME, Hirayasu Y, Salisbury DF, Fischer IA,
Dickey CC, Yurgelun-Todd D, Tohen M, Kikinis R, Jolesz FA,
McCarley RW (1998) MRI study of cavum septi pellucidi in
schizophrenia, affective disorder, and schizotypal personality
disorder. Am J Psychiatry 155:509-515

Kwon JS, Shin YW, Kim CW, Kim YI, Youn T, Han MH, Chang
KH, Kim JJ (2003) Similarity and disparity of obsessive—com-
pulsive disorder and schizophrenia in MR volumetric abnormal-
ities of the hippocampus-amygdala complex. J Neurol Neurosurg
Psychiatry 74:962-964

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Lee JM, Kim SH, Jang DP, Ha TH, Kim JJ, Kim IY, Kwon JS,
Kim SI (2004) Deformable model with surface registration for
hippocampal shape deformity analysis in schizophrenia. Neuro-
image 22:831-840

McCrory P (2002) Cavum septi pellucidi: a reason to ban boxers?
Br J Sports Med 36:157-161

Mergl R, Hegerl U (2005) Neurological soft signs in patients with
obsessive—compulsive disorder. Fortschr Neurol Psychiatr
73:504-516

Nopoulos P, Krie A, Andreasen NC (2000) Enlarged cavum septi
pellucidi in patients with schizophrenia: clinical and cognitive
correlates. J Neuropsychiatry Clin Neurosci 12:344-349
Nopoulos PC, Giedd JN, Andreasen NC, Rapoport JL (1998)
Frequency and severity of enlarged cavum septi pellucidi in
childhood-onset schizophrenia. Am J Psychiatry 155:1074-1079
Pauls DL, Towbin KE, Leckman JF, Zahner GE, Cohen DJ
(1986) Gilles de la Tourette’s syndrome and obsessive—compul-
sive disorder: evidence supporting a genetic relationship. Arch
Gen Psychiatry 43:1180-1182

Riffkin J, Yucel M, Maruff P, Wood SJ, Soulsby B, Olver J,
Kyrios M, Velakoulis D, Pantelis C (2005) A manual and auto-
mated MRI study of anterior cingulate and orbito-frontal cortices,
and caudate nucleus in obsessive—compulsive disorder: compar-
ison with healthy controls and patients with schizophrenia. Psy-
chiatry Res 138:99-113

Rosenberg DR, Keshavan MS (1998) A.E. Bennett Research
Award. Toward a neurodevelopmental model of obsessive—
compulsive disorder. Biol Psychiatry 43:623-640

Sachdev PS, Malhi GS (2005) Obsessive—compulsive behaviour:
a disorder of decision-making. Aust N Z J Psychiatry 39:757-763
Saito Y, Nobuhara K, Okugawa G, Takase K, Sugimoto T,
Horiuchi M, Ueno C, Maehara M, Omura N, Kurokawa H, Ikeda
K, Tanigawa N, Sawada S, Kinoshita T (2008) Corpus callosum
in patients with obsessive—compulsive disorder: diffusion-tensor
imaging study. Radiology 246:536-542

Sarwar M (1989) The septum pellucidum: normal and abnormal.
AJNR Am J Neuroradiol 10:989-1005

Scoffings DJ, Kurian KM (2008) Congenital and acquired lesions
of the septum pellucidum. Clin Radiol 63:210-219

Sherman PM, Aygun N (2006) Development of a cavum septi
pellucidi after Ommaya reservoir placement: report of an unusual
complication. Acta Neurochir (Wien) 148:359-362 discussion
362

Shioiri T, Oshitani Y, Kato T, Murashita J, Hamakawa H, Inu-
bushi T, Nagata T, Takahashi S (1996) Prevalence of cavum
septum pellucidum detected by MRI in patients with bipolar
disorder, major depression and schizophrenia. Psychol Med
26:431-434

Takahashi T, Yung AR, Yucel M, Wood SJ, Phillips LJ, Harding
IH, Soulsby B, McGorry PD, Suzuki M, Velakoulis D, Pantelis C
(2008) Prevalence of large cavum septi pellucidi in ultra high-risk
individuals and patients with psychotic disorders. Schizophr Res
105:236-244

Thomann PA, Wustenberg T, Santos VD, Bachmann S, Essig M,
Schroder J (2008) Neurological soft signs and brain morphology
in first-episode schizophrenia. Psychol Med 1-9

Yoo SY, Jang JH, Shin YW, Kim DJ, Park HJ, Moon WJ, Chung
EC, Lee JM, Kim IY, Kim SI, Kwon JS (2007) White matter
abnormalities in drug-naive patients with obsessive—compulsive
disorder: a diffusion tensor study before and after citalopram
treatment. Acta Psychiatr Scand 116:211-219

Yoo SY, Roh MS, Choi JS, Kang DH, Ha TH, Lee JM, Kim 1Y,
Kim SI, Kwon JS (2008) Voxel-based morphometry study of gray
matter abnormalities in obsessive—compulsive disorder. J Korean
Med Sci 23:24-30

@ Springer



	MRI study of the cavum septum pellucidum  in obsessive--compulsive disorder
	Abstract
	Introduction
	Methods
	Subjects
	Magnetic resonance imaging acquisition and image processing
	Measurements of the CSP
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


