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Background

Summary

Schizencephaly is a rare developmental malformation of the central nervous system associated
with cell migration disturbances. Schizencephaly can be uni- or bilateral and is divided into
two morphological types. The cleft is defined as type I (“closed lips”) if there are fused clefts in
cerebral mantle. In type II (“open lips”) the clefts are separated and filled with cerebrospinal fluid
connecting lateral ventricle with the subarachnoid space.

We retrospectively analysed data of patients hospitalized in the Clinical Pediatric Neurology
Department of Provincial Hospital No. 2 in Rzeszow between 1998-2011. Clinical data and imaging
exams were analysed in the group of children with confirmed schizencephaly.

Schizencephaly was recognized in 32 children. Diagnosis was made in children at the ages between
2 weeks and 15 years - the majority of older children were born before the year 2000. Diagnostic
imaging, most often magnetic resonance imaging, was performed in all of the children. In most
cases coexistence of other CNS malformations was discovered. In only one patient there were
no neurological symptoms, most of the children presented different developmental disorders and
neurological symptoms — most often cerebral palsy and epilepsy. In the group of children with
bilateral and type II schizencephaly certain symptoms occurred more often.

Schizencephaly is a rare central nervous system developmental disorder, which is very often
associated with other severe brain malformations and in most of the cases subsequent multiple
neurological symptoms. The method of choice in diagnosis of schizencephaly is magnetic resonance,
which shows the degree and type of cleft, coexisting abnormalities and allows differential
diagnosis. With the increased availability of this method it is possible to recognize schizencephaly
more often and earlier.

Autonomic Nervous System Diseases ¢ Central Nervous System Diseases ©
Malformations of Cortical Development

http://www.polradiol.com/abstract/index/idArt/890540

without connection to the ventricular system, whereas

type II (open/separated lips) connects ventricles with sub-

Schizencephaly is a developmental malformation of the
central nervous system associated with cell migration dis-
turbances. Depending on the level of morphological dis-
turbances we distinguish open and closed schizencephaly
which can be uni- or bilateral. Type I (fused/closed lips)
runs from deep structures to the surface of the brain

arachnoid space [1-4].

It is a rare malformation with an estimated incidence of up
to 1.5:100,000 live births and 1:650 to 1:1,650 among chil-
dren suffering from epilepsy [3,4]. There is no known gender
predilection [2] and the majority of cases are sporadic [5].
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Figure 1. MRl image of unilateral “closed lips” schizencephaly in the
right parietal region (star) — axial T1-weighted image.

The etiopathogenesis of this defect is not completely under-
stood. It is believed that intrauterine ischemia or expres-
sion of genetic factor damaging germinal matrix and
impairing cellular migration in 6-7 weeks of intrauterine
life may also play a role in the development of schizence-
phaly [5].

Clefts most often involve frontal or parietal lobes especially
in the region of Sylvian fissure and are lined with a layer of
grey matter [6].

Schizencephaly often coexists with other brain abnormali-
ties such as ventricular enlargement, polymicrogyria, grey
matter heterotopy, dysgenesis/agenesis of the corpus callo-
sum and in up to 50% cases lack of septum pellucidum [7].
Additionally, co-occurrence of this disorder and septo-optic
dysplasia (de Morsier syndrome, Hoyt-Kaplan-Grumbach
syndrome) was also described. Septo-optic dysplasia is
a rare syndrome of congenital malformations comprising
optic nerve hypoplasia, hypopituitarism and septum pel-
licidum agenesis [8].

Schizencephaly can be visualized in ultrasonography (USG)
and computer tomography (CT) but the method of choice is
magnetic resonance (MR), which has the greatest sensiti-
vity in detection of this condition [9].

The most common clinical manifestations of schizencepha-
ly are motor disorders or epileptic seizures and their severi-
ty depends on location and extent of schizencephaly [10].

Aim

The aim of this report was to assess the prevalence of
schizencephaly among children hospitalized in the Clinical
Pediatric Neurology Department of Provincial Hospital
No 2 in Rzeszow between 1998 and 2011, analysis of
diagnostic imaging, evaluation of diagnostic algorithm to
recognize congenital developmental brain malformation,

Figure 2. MRI image of bilateral frontal lobe schizencephaly (arrows)
and grey matter heterotopia in the vicinity (stars). () Type
I right-sided schizencephaly — T1-weighted axial plane
image. (B) Type Il left-sided schizencephaly — T1-weighted
axial plane image.

especially brain tissue clefts and accompanying disorders,
as well as recognition of most prevalent neurological symp-
toms and developmental disorders coexisting with this
condition.

Material and Methods

A retrospective analysis of data from 32 patients (11 girls
(34%) and 21 boys (66%)) hospitalized in Clinical Pediatric
Neurology Department of Provincial Hospital No 2 in
Rzeszow from 1998 to 2011 was conducted. Schizencephaly
in those patients was confirmed with neuroimaging and
full access to their medical documents was obtained.
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Table 1. Incidence of uni-/bilateral schizencephalies and |, II, mixed types.

Type of schizencephaly Unilateral Bilateral
No. of patients (%) 19 (59%) 13 (41%)
Type Open lip Closed lip Open lip Closed lip Mixed
No. of patients (%) 7 (37%) 12 (63%) 8 (62%) 2 (15%) 3(23%)

Table 2. (T and MR examinations performed in children with schizencephaly and their results (undiagnosed schizencephaly —, diagnosed

schizencephaly +).
Examination performed % of children with schizencephaly Results
a 28% 44% (T -
(6% only CT scan) 56% (T +
MR 94% 100% MR +

(72% only examination)

Figure 3. Schizencephaly in the frontoparietotemporal region (arrow)
—in the (T scan, diagnosed as arachnoid cyst; a subsequent
MRI scan allowed adequate diagnosis. () Axial CT scan.
(B) Axial plane T1-weighted image.

Out of about 21,000 patients hospitalized in the above-
mentioned ward during that time schizencephaly was
recognized with MR and/or CT in 32 patients (0.15% of hos-
pitalized children) at the age of 2 weeks to 15 years.

All 32 analyzed children underwent neuroimaging: MR in 30
(94%) children and CT in 9 (28%), out of which 2 (6%) had
CT only. Some had cranial ultrasound scan and magnetic
resonance angiography (MRA). MR was conducted in T1- and
T2-weighed images in axial, coronal and sagittal planes with
Elscint Privilege 0.5T scanner since 1998 and with Achieva
Philips 1.5T scanner since 2009. Until the year 2004, CTs
were performed with Philips TOMOSCAN LX scanner and
then with GE Light Speed Ultra 8 slice scanner and a protocol
of sequential acquisition with 2,5 mm section thickness para-
basally and 5 mm section thickness for the rest of the brain.

Results

Among patients hospitalized in Clinical Pediatric Neurology
Department of Provincial Hospital No 2 in Rzeszow from
1998 to 2011, schizencephaly was recognized in neuroim-
aging of 32 children. In total, 45 clefts were visualized — 26
(58%) open and 19 (42%) closed type (Figures 1 and 2).

Unilateral schizencephaly was recognized in 19 children
(59%) and bilateral in 13 (41%). Among unilateral cases, the
open type was confirmed in 7 children (37%), and closed
in 12 (63%) patients. Open bilateral schizencephaly was
present in 8 children (62%), closed in 2 children (15%) and
mixed type in 3 (23%) (Table 1).

In the analyzed sample the majority of clefts (42%)
were located frontoparietally. Additionally, they were
also present in frontal, parietal, parietotemporal and
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frontoparietotemporal regions, and in one child in the
occipital region.

MR and CT scans were conducted in the Clinical
Department of Radiology. In 23 children (72%) MR was
conducted as the first, and in 9 children (28%) CT scan
was the first procedure that visualized schizencephaly.
Among those, in 2 (6%) children that was the only exami-
nation performed in the Clinical Department of Radiology
in Provincial Hospital No 2 in Rzeszow, and in 7 (21%)
MRI scan was carried out afterwards - in 3 children (9%)
schizencephaly was identified on both scans, in 4 children
(12%) CT did not reveal schizencephaly but MR confirmed
the diagnosis. In CT schizencephaly was visible in 56%
scans. In 44% cases it was impossible to make a correct

Figure 4. MRI features of the common abnormalities associated
with schizencephaly. (A) Agenesis of septum pellucidum
— axial T2-weighted image. (B) Gray matter heterotopy
in the vicinity of schizencephalic cleft (stars)— axial plane
T1-weighted image. (C) Dysgenesis of the corpus callosum
(arrow) — sagittal plane, T2-weighted image.

diagnosis, but it was obtained with the use of MR scans
(Table 2).

In 4 patients (about 12% children) diagnosing schizen-
cephaly with CT presented difficulties. In two cases it was
described as dilated pericerebral fluid spaces, and in one
patient as an arachnoid cyst (Figures 3 and 4); in one case
vascular malformation was suspected. In subsequent MR
scans schizencephaly was recognized and other malforma-
tions including vascular were ruled out.

In the whole sample at the Clinical Department of
Radiology in Provincial Hospital No 2 in Rzeszow schiz-
encephaly was recognized in children aged 2 weeks to 15
years. A total number of 22 children (69%) were born after
2000 - average age of schizencephaly diagnosis in that
group was 18 months. Schizencephaly was also recognized
in 10 children (31%) born before 2000 - in that group aver-
age age of diagnosis was 11 years.

In the analyzed sample, in the majority of children (30
patients — 94%) the visualized schizencephaly was con-
comitant with other malformations including most often
ventricular deformation in 24 patients (75%), corpus cal-
losum developmental disorders in 18 patients (56%), sep-
tum pellucidum agenesis or dysgenesis in 10 patients (31%),
microgyria in 5 patients (15.5%), gray matter heterotopy
in 3 children (9%) and pericerebral or pericerebellar fluid
space dilation in 16 children (50%). In isolated cases addi-
tional syndromes co-occurred: Dandy-Walker syndrome in
one child, tuberous sclerosis in one, and Chiari type II mal-
formation in another (Table 3).
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Table 3. Developmental disorders of CNS connected with
schizencephaly.

Table 4. The most frequent neurological symptoms in the group of
children with schizencephaly.

Developmental disorder % of patients
Ventricular deformation 75%
erel\rl):lg?;:;?f corpus callosum 56%
Zﬁ:'fiir:bral or pericerebellar fluid spaces 50%
Septum pellucidum agenesis or dysgenesis 31%
Microgyria 15.5%
Gray matter heterotophy 9%
Dandy-Walker syndrome 3%
Chiari type Il malformation 3%
Tuberous sclerosis 3%

One child suffered from a syndrome of congenital cerebral
defects with accompanying cleft lip and palate. In one case
a sibling was diagnosed with neurodegenerative disease.

Schizencephalic patients presented various neurological
disorders during hospitalization (Table 4), most often - in
22 children (69%) psychomotor retardation, epilepsy in 16
patients (50%), cerebral palsy in 15 children (47%), hemi-
plegia in 8 children (25%), tetraplegia in 10 (31%), mostly
spastic. Hydrocephalus occurred in 7 children (22%) and
microcephaly in 2 patients (6%). Only one child (unilateral
closed cleft within the right occipital lobe) repeatedly hos-
pitalized due to genitourinary malformation (hydronephro-
sis) showed no neurological symptoms and CT followed by
MRI were performed for emotional disorders of the child.

Comorbid neurological symptoms and CNS malformations
occurred in every child with bilateral and open schizen-
cephaly. They were less frequent in the group with unila-
teral schizencephaly (about 95% children). Hydrocephalus
was more common in bilateral schizencephaly (23%) and in
the group with open clefts (28%). Epilepsy was present in
16 children (50%), slightly more frequent in the group with
bilateral schizencephaly (about 54%), including 1 child suf-
fering from flexion spasms in the course of West syndrome
which has a poor prognosis. Epilepsy was slightly more fre-
quent in closed schizencephaly (53%) as compared to open-
type schizencephaly (44%).

Discussion

Schizencephaly is a rare developmental malformation. In
published epidemiological studies from 2005 conducted in
Canada and United States its incidence was estimated at
1.54/100,000 births/year in the period of 1985-2001, per
accumulated 4 million births [11]. In the analyzed years
(1998-2011) in Provincial Hospital No 2, average diagnosis
rate was 2-3 new schizencephaly cases a year.

Neurological symptom No. of patients (%)
Psychomotor retardation 31 (97%)
Epilepsy 16 (50%)
Cerebral palsy 15 (47%)
Tetraplegia 10 (31%)
Hemiplegia 8 (25%)
Hydrocephalus 7 (22%)
Microcephaly 2 (6%)

In the previously published analyses this malformation
occurred with similar frequency in both sexes [4]. In the
study group it was more common in boys, who comprised
66% of all children. There was no documented family histo-
ry of schizencephaly in the studied group of children, such
schizencephaly is very rare [6].

In the study group the majority of clefts (about 80%) were
located frontoparietally which is consistent with previous
data [10]. In one child there was an isolated cleft within
the occipital region, which is a very rare location [4]. It is
estimated that bilateral schizencephaly is the rarer type;
among unilateral clefts both types occur with similar fre-
quency and in bilateral cases the open type is more com-
mon. Most often two clefts coexist but there was at least
one case of co-occurrence of three clefts described [4,6,10].
Similarly to what is described in literature, in the analyzed
sample the malformation was more likely to be unilateral
and among cases of bilateral schizencephaly the open type
was more common (Table 1).

Before MR became widely available, the basic method of
neuroimaging was CT scan [4]. Currently, MR is regarded
a method of choice in diagnosing CNS malformations.
It allows to assess the extent, type of schizencephaly and
reveals concomitant disorders [4,11]. MRI visualizes also the
gray matter which lines the cleft and permits to differentia-
te it from porencephalic cyst and other acquired lesions as
well as enables detection of concomitant disorders [12].

In a few children CT scan was performed as the first proce-
dure - in that group schizencephaly remained unrecognized
in about 44% of children. In two patients dilated perice-
rebral fluid spaces were described, an arachnoid cyst in one
and vascular malformation in another one. In subsequent
MR scans schizencephaly was recognized and other diagno-
ses including vascular malformations were excluded. In the
majority of children MR was the first examination and sch-
izencephaly was recognized in all patients which, if there
are no contraindications, confirms the validity of this pro-
cedure as a method of choice in all children with suspected
CNS malformations.

No data concerning the age of schizencephaly recognition
was found. In the analyzed group there was a percepti-
ble interrelation, i.e. among children born before 2000
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schizencephaly was recognized at a later age (11 years
on average) which may result from limited availability of
advanced neuroimaging methods at that time (until 1998
the Department only had a CT scanner). Among children
born after 2000 the age at which the first diagnostic pro-
cedure was conducted ranged from 2 weeks to 6 years. The
more severe the comorbidity, the earlier the first diagnostic
test was made. Average age was 18 months, which may be
explained by the fact, that at that age abnormal develop-
ment arouses great distress in caretakers and therefore the
diagnostic process begins.

Both types of schizencephaly very often coexist with other
CNS abnormalities [10]. The most common one is partial or
complete agenesis of the septum pellucidum (up to 70%),
agenesis of the corpus callosum, cortical dysgenesis and
polymicrogyria [10]. A similar coincidence was found in
the described group of children. Coexistence of these disor-
ders may suggest a probable onset of these malformations
in utero — at approximately 2°d month of intrauterine life
when cellular migration during CNS formation takes place
[56]. In the study group, there were also some cases with
Dandy-Walker syndrome, Chiari type II malformation and
tuberous sclerosis, which may prove schizencephaly to be a
part of greater CNS malformations [5, 10, 13]. In the study
group no septo-optic dysplasia was recognized although
its prevalence in schizencephalic patients is estimated at
6-25% [5,8,10].

The clinical picture of schizencephaly is very heterogene-
ous. The main registered abnormalities comprise motor
disorders, developmental delay and epileptic seizures.
Most authors agree that clinical symptoms depend on
the size and location of schizencephaly [10,13]. The con-
ducted analysis revealed that neurological symptoms were
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