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KEYWORDS Abstract

Schizencephaly; Objective: To present 16 patients with schizencephaly and neurological involvement, and ana-
Migration disorders; lyse their characteristics and neuroimages.

Cortical organization Material and methods: The study included 16 patients, 8 males and 8 females, all of whom
disorders; were diagnosed with schizencephaly at less than 3 years of age; 2 patients were diagnosed
Epilepsy; prenatally. Schizencephaly was identified by computerised tomography (CT) in 1 patient and
Three-dimensional by MR or three-dimensional MR (3DMR) with a 1.5 tesla apparatus in the others. Most patients
MR; were referred for evaluation because of psychomotor delay, motor disabilities and/or seizures.
Motor deficit; Results: Five patients had bilateral schizencephaly with open lips (2 of them had suffered
Cortical dysplasia intrauterine cytomegalovirus infections); 2 showed unilateral schizencephaly with separated

lips, 8 presented unilateral schizencephaly with fused lips, and 1 had schizencephaly with open
lips on one side and fused lips on the other. Prenatal cytomegalovirus infection was diagnosed
in 2 patients. A cerebral malformation that affected the midline was diagnosed by routine
ultrasound studies in 2 patients. Eight patients (50%) presented with seizures that were focal,
except for one patient who showed secondary generalisation. The latter was the only patient
whose disease was refractory to complete seizure control with antiepileptic medication. All
patients had some degree of motor deficit, which was either unilateral (hemiparesis) or bilateral
(tetraparesis).

Conclusion: 3DMR imaging was very important in diagnosing of schizencephaly in our patients
because it showed the polymicrogyria that covered the area of the cleft and permitted us to
rule out porencephaly. Neuronal migration disorders such as heterotopias and, more frequently,
cortical dysplasias, were observed in several patients. Half of the patients had epilepsy which
was controlled with antiepileptic medication, except in 1 patient.
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PALABRAS CLAVE
Esquisencefalia;
Trastornos de la
migracion neuronal;
Trastornos de la
organizacion cortical;
Epilepsia;
Resonancia
magnética
tridimensional;
Déficit motor;
Displasia cortical

Esquisencefalia. Estudio de 16 pacientes

Resumen

Objetivo: Presentar 16 pacientes con esquisencefalia y afectacion neurologica recalcando sus
caracteristicas clinicas y de imagen.

Material y métodos: Son 16 pacientes, 8 varones y 8 mujeres, todos ellos con edades por
debajo de los 3 anos al hacerse el diagnostico de esquisencefalia. En dos casos el diagnostico
se hizo prenatalmente y, en los otros 14, a lo largo de los cinco primeros anos de vida. El
diagnostico se hizo por tomografia computarizada (TC) en un caso y por RM tridimensional
(RM3D) con un aparato de 1,5 T en los otros casos. Los motivos de la consulta fueron retraso
psicomotor, trastornos motores y/o crisis epilépticas en la mayoria de los pacientes.
Resultados: La esquisencefalia era de labios abiertos bilaterales en 5 pacientes (dos de ellos
por citomegalia durante la gestacion), labios abiertos unilaterales en 2 pacientes, 8 mostraban
esquisencefalia unilateral de labios cerrados y 1 tenia esquisencefalia de labios abiertos en un
lado y cerrados en otro. En dos pacientes se diagnostico infeccion prenatal por citomegalovirus
y en otros dos se diagnosticoO malformacion cerebral central prenatal por ecografia rutinaria
durante la gestacion. Todos los pacientes presentaban algln tipo de deficiencia motriz uni o
bilateral. Ocho pacientes padecian crisis epilépticas (50%) parciales en todos los casos y solo en
uno de ellos se generalizaban. Este ultimo caso fue el Unico en el que las crisis no llegaron a ser
controladas. Todos los pacientes presentaban algun tipo de deficiencia motriz, generalmente
benigna, unilateral (hemiparesia) o bilateral (tetraparesia).

Conclusidén: La RM3D es muy importante para el diagnostico de la esquisencefalia ya que per-
mite ver la capa de polimicrogiria que tapiza los labios de la malformacion y, por ello, la
diferenciacion con las cavidades porencefalicas. Alteraciones de la migracion, tales como het-
erotopias y especialmente displasias corticales se observaban en varios pacientes. Un 50% de los
pacientes presentaba epilepsia, que fue controlable con medicacion en todos los casos menos
en uno.

© 2011 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L. Todos los derechos

reservados.

Introduction

Schizencephaly is a congenital malformation of the cere-
bral hemispheres consisting of a cleft in the mantle of 1 or
both hemispheres, with communication between the lateral
ventricle and the subarachnoid space.

The term ‘schizencephaly’ was first used by Yakovlev
and Wadsworth in 2 different studies to describe a con-
genital defect in one or both cerebral hemispheres causing
communication between the lateral ventricles and the ipsi-
lateral subarachnoid space. The defect described in the first
study was a fused cleft that did not allow cerebrospinal fluid
(CSF) to pass (closed-lip schizencephaly'). The second study
described a cleft of irregular width allowing CSF to pass
between the ventricular cavity and the subarachnoid space.
This malformation is also known as open-lip schizencephaly.?
Schizencephalic clefts, both fused (closed lips) and sepa-
rated (open-lip clefts which may be extremely large), are
covered by abnormal grey matter with characteristics of
polymicrogyria. Before the advent of magnetic resonance
imaging (MRI), especially three-dimensional imaging (3D
MRI) which reveals the polymicrogyric layer, the edges of
the cavity appeared to be smooth. It was therefore difficult
to differentiate porencephalic, postnecrotic, and postsur-
gical cavities (which have smooth edges due to cicatricial
gliosis) from schizencephalic cavities, which are covered by
polymicrogyric grey matter.

At present, we can easily distinguish between the 2
types of pathologies by using 3D MRI.? Although most cases

of schizencephaly described to date seem to appear spo-
radically, other cases are linked to family history,*? and
some are associated with mutation of the EMX2 gene.’
Schizencephaly belongs to the group of malformations of
cortical development which are frequently associated with
malformations such as abnormal neurogenesis and neuronal
migration and organisation disorders. These malformations
lead to microcephaly, lissencephaly-pachygyria, grey mat-
ter heterotopia, and schizencephaly.”® The prevalence of
schizencephaly ranges between 3%'" and 11%'2 compared to
the total of congenital malformations of the cerebral mantle
and cortex. Most consultations with a paediatric neurologist
are requested due to psychomotor developmental delay and
seizures. 14

This study was published in order to analyse 16 paediatric
patients who were first examined by the paediatric neurol-
ogy department at Hospital Universitario La Paz. All patients
but one underwent a 3D MRI study.

Material and methods

Our series included 16 patients (8 males and 8 females)
(Table 1) aged 0 to 3 years who were referred to our hospital
for a neurological examination; multiple motives for referral
were cited in most cases. Signs and symptoms were as fol-
lows: developmental delay and motor problems (unilateral
or bilateral) in almost all patients, with differing degrees of
severity; cranial nerve involvement, especially cranial nerve



Table 1  Schizencephaly clinical and radiological findings in 16 patients.
Case Sex Ageat Reason for Gestation Birth Symptoms EEG Image Treatment Progress
1st visit  visit
1 F NN Schizen. IU Cytomegalovirus  Normal Microcephaly General Schizen. BLOL; SP Stim.; physio. Lost to follow-up
hypoact. absent in 1st year
2 M NN Schizen. IU Cytomegalovirus  Normal Microcephaly Normal Schizen. RCL; SP Stim.; physio.  Lost to follow-up
absent in 1st year
3 F 2y PMR; L Normal Normal L hemiparesis Normal Schizen. RCL; SP Physio. L. Hemiparesis;
hemiparesis absent borderline 1Q
Lost to follow-up
at15y
4 M 3y PMR, L Normal Normal L hemiparesis BL foc. ROL schizen.; RCL Physio.; AED Atage 19y: L
hemiparesis, abnorm. schizen.; RH cort. hemiparesis; PMR;
seizures dyspl.; SP absent; AED
hypopl. CC
5 F 2y L Normal Normal Hemiparesis L Normal RCL schizen.; R cort. Physiot.; AED At age 14y: L
hemiparesis, dyspl.; SP absent hemiparesis
seizures
6 M 2y L hemiparesis Normal Normal L hemiparesis Normal RCL schizen.; SP Physio. At age 8 y: Lost to
absent follow-up. L
hemiparesis
7 M 3y L Normal Normal Hemiparesis L Normal RCL; SP absent Physio. AED Atage 14vy: L
hemiparesis, hemiparesis
seizures
8 M 3y Tetraparesis; Risk of Dystocia  Severe PMR; BL BLOL schizen.; SP AED, physio.; At age 16 y:
seizures miscarriage in spastic impairments  absent stim; orthop. spastic
4th and 6th tetraparesis tetraparesis;
months severe PMR
9 F 1y L hemiparesis Normal Normal L hemiparesis Normal RCL schizen.; SP Physio.; stim. At age 10 y:
absent Borderline 1Q
10 M 6m PMR Risk of Normal PMR Normal ROL schizen. Stim.; physio. Lost to follow-up
miscarriage in at 2 y. Severe PMR
5th m
11 M 3y Spastic Diagnosis (US): Normal Tetraparesis, Hypoact. in BLOL schizen.; SP Stim.; At age 12 y: PMR;
tetraparesis; CC agenesis, PMR RH absent; CC defect physio.; orthop.
PMR; seizures porenceph. orthop.;
botu. toxin
12 M 5m Seizures; PMR Diagnosis (US): Normal Tetraparesis; BL BLOL schizen.; LCL AED, stim.; Discharged at age
HPE seizures impairments schizen.; SP absent physio.; 15y; PMR; AED
orthop.; AED
13 F 2y R Normal Normal R hemiparesis; Normal LOL schizen.; SP Physio.; stim. Lost to follow-up
hemiparesis; PMR absent at 4y: PMR: R
PMR hemiparesis
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Table 1 (Continued)

Progress

Treatment

Image

EEG

Symptoms

Gestation Birth

Reason for

visit

Age at

Sex

Case

1st visit

At age 6 y:

AED; physio.

RCL schizen.; SP

PMR; seizures Normal Normal L hemiparesis, RH focus
seizures absent

1y

14

seizures controlled

with AED; L

hemiparesis

Lost to follow-up
at 5 y; seizures
controlled with

LCL schizen. AED; physio.
AED

Normal

R

Normal

Normal

8 m

15

Hemiparesis;
seizures

Hemiparesis;
seizures

Lost to follow up
in 1st year

BLOL schizen. Stim.;

BL

Microceph.;

Normal

Cytomegalovirus Cytomegalovirus

NN

16

physio.; AED

impairments

seizures; PMR

F: female; M: male; NN: neonate; y: years; m: months; L: left; R: right; schizen.: schizencephaly; IU: intrauterine; PMR: psychomotor retardation; hypoact.: hypoactivity; gen.: generalised;

BLOL: bilateral open-lip; ROL: right open-Llip; RCL: right closed-lip; LCL: left closed-lip; stim.: stimulation; physio.: physiotherapy; SP absent: absence of septum pellucidum; IQ: intelligence

hypoplasia; CC: corpus callosum; AED: antiepileptic drugs; porenceph.: porencephaly;

cortical dysplasia; hypopl.:
hypoact.: hypoactivity; LH: left hemisphere; RH: right hemisphere; botu. toxin: botulinum toxin; HPE: holoprosencephaly.

quotient; BL foc. abnorm.: bilateral focal abnormalities; cort. dyspl.:

Figure 1 Case 1: coronal CT image taken of a newborn.
The image shows bilateral open-lip schizencephaly with a total
absence of corpus callosum and septum pellucidum.

VI (bilateral in several cases), and focal seizures (50% of the
children also experienced generalised seizures). The most
common cause for referral was when paediatricians request-
ing imaging studies in primary or secondary care centres
discovered abnormalities that many considered to be alarm-
ingly complex. On other occasions, doctors failed to identify
the problem correctly and therefore requested either a sec-
ond or third opinion or a higher-quality neuroimaging study.

The study protocol included recording medical his-
tory (especially prenatal and perinatal); family history of
disease and consanguinity between parents/grandparents;
psychomotor development prior to the consultation; prior
medication and its effect on seizures; findings from the
physical examination we performed; results from laboratory
analyses (3 patients suffered intrauterine cytomegalovirus
infection); EEG study; and 3D MRI study. Schizencephaly was
diagnosed based on 3D MRI findings in all but 1 patient (a
newborn baby). The computed tomography (CT) scan of that
baby revealed obvious bilateral schizencephaly with very
open lips, an extremely severe gap in the hemispheric man-
tle, and total lack of corpus callosum, septum pellucidum,
and grey commissure (Fig. 1).

The 3D MRI studies were performed using a GE
1.5tesla scanner, Excite 11 software, 8-channel head coil,
T1 weighted 3D SPGR (spoiled gradient echo) sequence
along the axial plane of the entire cranium, TE 6ms,
TR 20ms, flip angle 30°, RBW 14.71, fov 28, slice
thickness 1.4mm, matrix 224 x 224, nex 1, zip 512,
voxel size 0.55mm x 0.55mm x 1.4mm=0.42mm?3. Dura-
tion: 9.37 min.

Results
All patients presented some degree of developmental delay,

which was very mild in cases of closed-lip schizencephaly,
particularly in those cases with only 1 affected hemisphere
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(cases 6, 7, 9, 10, 13, 14, and 15). These patients expe-
rienced occasional or no seizures and suffered no relapses
after beginning treatment with antiepileptic drugs. Eight of
the patients experienced occasional epileptic seizures. All
but 2 (cases 2 and 15) patients showed focal and gener-
alised EEG abnormalities in the EEG, which were not severe
in most cases. Although the most extreme open-lip cases
presented the most severe psychomotor symptoms, some of
these patients did not experience epileptic seizures or EEG
abnormalities after the first years of life (cases 8 and 11).

The only sign of developmental delay in most of the
patients with unilateral closed-lip schizencephaly was lack
of initiative, difficulty keeping up with children of similar
ages during games, mild language acquisition delay, and mild
lack of motor coordination on the side of the body opposite
to the affected side of the brain. Bilateral lack of motor
coordination was also observed when lips (whether open
or closed) were not extensive. After localising the schizen-
cephaly with the help of a 3D MRI, some of the patients
had to undergo an additional neurological examination in
order for us to identify asymmetries in motricity, limb posi-
tioning, and myotatic reflexes, as the initial, less detailed
neurological examination provided normal results in these
areas. Five patients presented bilateral open-lip schizen-
cephaly (cases 1, 8, 11, 12, and 16). Two were caused
by intrauterine cytomegalovirus infection and the other 3
cases appeared to be spontaneous. In the 2 patients with
bilateral open-lip schizencephaly (lips slightly separated)
associated with cytomegalovirus during gestation (cases 1
and 16), developmental delay was more severe than in
patients without this profile. It is true that in these patients
the lateral ventricles were very wide and schizencephalic
clefts were present on both sides. Their follow-up period
was short. The patients with schizencephaly of unknown
origin (that is, all patients except those whose condition
was caused by cytomegalovirus) were monitored over sev-
eral years and experienced gradual improvements. Although
neurological involvement was severe, it was less pronounced
than doctors would expect in light of the MRI images. In any
case, all patients presented varying degrees of motor and
intellectual disability. They all experienced hemiparesis or
spastic quadraparesis depending on whether schizencephaly
was unilateral or bilateral. Three patients with pronounced
open-lip bilateral schizencephaly (cases 8, 11 and 12) had
serious speech deficiencies; they were unable to produce
speech sounds and were only able to communicate through
gestures.

Head circumference did not exceed the 75th percentile
in any of the cases, with just one patient reaching that per-
centile. In 4 patients, circumference was below the 25th
percentile (the 3 patients affected by cytomegalovirus and
case 8 without CMV). Head circumferences in the rest of the
patients fell between the 25th and the 50th percentiles.
We did not find any cases of hydrocephalus with elevated
intraventricular pressure in the direction of the cerebral
parenchyma. The polymicrogyric edges of the open and
closed lips were clearly visible using 3D MRI, and also by
using other MRI techniques employed to differentiate white
matter from grey matter, although findings revealed by those
procedures are not as clear as those in 3D MRI. During
gestation, 2 patients were diagnosed with cerebral mal-
formations by an ultrasound study; 1 case was diagnosed

as holoprosencephaly and the other as porencephaly. After
birth, they were all diagnosed with schizencephaly with the
aid of a 3D MRI study. The 3 patients with the most extreme
cases of open-lip schizencephaly (cases 8, 11, and 12) were
males, whereas 5 of the 7 patients with unilateral closed-
lip schizencephaly (cases 3, 5, 9, 14, and 15) were females
and 2 were males (cases 6 and 7). Performing axial, coro-
nal and even sagittal slices (Figs. 2 and 3) was of vital

|

Figure 2 Case 3: unilateral closed-lip schizencephaly in a 2-
year-old girl with slight motor impairment on the left side of the
body. 3D MRI. (A) Sagittal slice showing closed lips cutting an
irregular path from the cortex to the lateral ventricle (arrow).
(B) Axial slice showing extensive cortical—subcortical dysplasia
in the right hemisphere extending from the sunken area of the
cortex to the lateral ventricular wall. The profile is irregular,
but this slice does not allow us to see the fused schizencephalic
cleft. Small cortical dysplasia with cortical irregularity (arrows).
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Figure 3  Case 4: unilateral open-lip schizencephaly in a 5-year-old child. Four axial slices at different levels; only 1 shows the
schizencephaly in the right hemisphere, while cortical—subcortical dysplasia can be seen in a number of regions in both hemispheres.
Septum pellucidum is absent and corpus callosum is very thin.

Figure 4 Case 11: bilateral open-lip schizencephaly in a 3-year-old boy. 3D MRI study showing different images of the brain.
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importance in order to identify the types of schizencephalic
lips in each hemisphere and their potential association
with heterotopia and cortical/subcortical dysplasia. These
defects were typically found in areas adjacent to those with
polymicrogyria covering the edges of the lips. They could
also be located in other areas of the ipsilateral and/or con-
tralateral cerebral hemisphere cortex. Additionally, they
revealed the circumscribed or diffuse location of the differ-
ent malformations, especially in the cerebral cortex, corpus
callosum, and septum pellucidum (Fig. 4), all of which
appeared to be more or less affected in all cases. The sep-
tum was also completely absent in all cases. A patient with
extreme open-lip schizencephaly was the only one whose
seizures could not be controlled completely.

Discussion

When discussing schizencephaly, it is important to consider
a number of aspects, including its origin, relationship with
other types of brain hemisphere pathologies, neurological
symptoms (especially those related to motricity, intelligence
and epileptic seizures), the most applicable imaging stud-
ies, relationship with other neuronal migration and cortical
organisation disorders, differential diagnosis, and disease
progression.

Schizencephaly seems to originate sporadically in
most cases, but some hereditary cases have also been
described.*® They are occasionally related to mutations of
the homeobox gene EMX2, which is located in the 10g26.1
chromosome.® However, the same gene was also found to be
affected in a series of 7 sporadic cases." In turn, we could
not find mutations in the EMX2 locus in cases with a family
history of schizencephaly spanning 3 generations.'® Embry-
onic malformations are more likely to appear between the
third and fourth months of gestation,'” instead of during
the first 2 months as Yakovlev hypothesised." As researchers
have occasionally reported, it is possible to diagnose the
condition by using an imaging test during gestation.'® This
was performed for 2 patients in our series (cases 11 and
12), both of whom had severe clefts in the cerebral man-
tle. Three patients suffered intrauterine infection with
cytomegalovirus (cases 1, 2 and 16), a finding which has
also been described in the literature.’?° These patients’
ventricular walls showed thin calcifications. Other aetiolo-
gies, such as intrauterine vascular problems,?' have also
been mentioned as potential causes of the condition. Even
if this would be difficult to prove, considering the early
stage during which they could cause the condition, such
aetiologies may be more common than the literature would
suggest. Intrauterine presence of this hemispheric malfor-
mation could well have caused premature birth in 20% of
the subjects in one of the largest series ever published'?; in
the general population, the rate is only 10%.22 The 2 patients
in our series who were diagnosed during gestation (cases 11
and 12) were born full-term.

In intrauterine imaging studies, large open-lip schizen-
cephaly may be mistaken for wide porencephalic cavities.
However, this error can only occur in the final months of
gestation, when the imaging study of the fetus is performed
using rudimentary methods. This is because polymicrogyric
edges of the lips in the entrance of the schizencephalic

cavities can be identified perfectly by using 1.5T or 3.0T
MRI, or even modern ultrasound systems. Confusion between
images of porencephalic cavities and schizencephalic clefts
is really a problem of the past. The 2 patients mentioned
above were both diagnosed in utero with a single frontal
cavity (1 case of holoprosencephaly and 1 case of poren-
cephaly, as a result of the absence of septum pellucidum
in both patients). Hypoplasia of the optic nerves has been
reported in up to 30% of all schizencephaly cases; these
conditions, together with the absence of septum pelluci-
dum, lead to malformations associated with septo-optic
dysplasia.?3%

The 3D MRI scan provides clear images of schizencephaly.
However, in our experience, it is necessary to obtain every
possible type of slice of the brain (especially the sagittal,
axial and coronal planes). We also recommend recons-
tructing the cerebral cortex of both hemispheres and, in
some cases, performing oblique slices to obtain complete
surface and deep views of the cerebral hemispheres. We
found no cerebellar abnormalities. The degree of open-lip
schizencephaly differs (small, medium and large) and their
characteristics in MRl imaging were described several years
ago.Z%%> Abnormalities in the 3D MRI, seen as schizencephaly
in the cerebral hemispheres, are not usually limited to the
fused clefts between cortical spaces and the lateral ven-
tricles in closed-lip schizencephaly or in the more or less
separated clefts seen with open lips. Cleft edges are covered
by polymicrogyria, which appears from the cortex to the
inner ventricle in both forms of the malformation. Cortical
or cortical—subcortical areas of dysplasia are also frequently
found in regions adjacent to schizencephalic clefts or in
other areas. This association has been reported ever since
doctors first discovered the importance of MRI imaging for
identifying this pathology,?® and it was later demonstrated
in large series'>'422 (only a limited number of patients with
this malformation were included in these series, but we
also observed this association in most of our patients after
performing a complete imaging study). According to some
studies, fused and separated clefts connecting the corti-
cal and ventricular spaces largely occur in areas closest
to the cortex. In our series, however, we found very het-
erogeneous locations. The septum pellucidum was absent
in all the open-lip and closed-lip schizencephaly cases in
our series. We also found abnormalities in the corpus callo-
sum (general narrowing or partial absence in some of the
cases, especially in those cases with open-lip malforma-
tions).

Clinical abnormalities mainly consisted of unilateral or
bilateral motor difficulties (depending on the hemisphere
or hemispheres in which the malformation was present)
and epileptic seizures (simple partial or complex in most
cases).?’~% Occasionally, the patients also presented infan-
tile spasms and tonic, clonic and tonic-clonic seizures.
The reported prevalence of epilepsy in this population is
between 33%'* and 57%% and it is related to the type
of schizencephaly. Prevalence is higher in patients with
open-lip malformations. Although early onset of seizures
is more common in cases with open-lip malformations
located proximal to the area between the ventricles and
the cortex, seizure severity and type do not seem to be
related to the location of the defect.®?? Most cases of
seizures can be controlled with medication, and this was
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true in almost all of our patients. The literature describes
cases with medically intractable epilepsy that were success-
fully treated with surgical resection of the epileptogenic
region?’ or the temporal lobe which is also involved in
adult patients.?® Although the results were considered par-
tially positive, the treatment was never widespread and
nearly 20 years have passed since it was last used. As a
result, conservative treatment may be the best solution
in a large percentage of cases, especially considering that
increasingly effective antiepileptic drugs are being made
available.

Some studies report a link between hydrocephalus and
open-lip schizencephaly.?? Nevertheless, we were unable
to observe an increase in the pressure gradient in areas
showing increased CSF inside the cerebral parenchyma. We
observed no cases of macrocephaly (head circumference
above the 75th percentile) among our patients. Between
57%"* and 83%%2 of patients in large series present problems
that accompany schizencephaly. These mainly manifest as
motor impairment on one side of the body or part of it, or
on both sides; this is associated to a greater or lesser extent
with intellectual, language, or other sensory deficits. Intel-
lectual disabilities among these patients vary greatly, but
they are never as severe as the magnitude of the cerebral
lesion would lead us to believe.?28303" patients with the
most severe intellectual and motor disabilities tend to have
a wide lesion affecting both hemispheres, the septum pell-
ucidum, and corpus callosum, with a wide space between
the parenchymatous regions located between the lips of the
schizencephaly.

Conclusion

We can draw a number of conclusions based on this series.
The first is that it was impossible to find the cause of
either type of malformation in any of the patients except
for the 3 who suffered from prenatal cytomegalovirus
infection. In these cases, there was a clear relationship
between a viral infection during gestation and the mal-
formation of the cerebral mantle. Likewise, we did not
determine the reasons explaining the different degrees
of hemispheric malformation (some cases had closed lips
marking only a very thin furrow; others had large bilat-
eral cavities with central and lateral parenchymatous spaces
which could not be linked to any specific pathology). The
characteristics of the placenta and umbilical cord, and the
absence of haemorrhages, maternal intoxication, etc., did
not allow us to formulate a well-founded suspicion of pre-
natal pathology. We confirmed the diagnosis of the cerebral
malformation using 3D MRI; this could also have been per-
formed using other MRI sequences with 1.5T and 3.0T
systems. We observed that 50% of the patients had epilep-
tic seizures, which were mainly focal. In general, patients
responded well to antiepileptic drugs. Epilepsy control was
achieved in all patients but one, who presented a large
bilateral open-lip malformation. Both motor and intellectual
developmental delays were directly related to the extent
of the malformation. All patients with unilateral closed-
lips schizencephaly presented relatively mild contralateral
hemiparesis and a ‘borderline’ or normal-to-low intellectual
level.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Yakovlev PI, Walsworth RC. Schizencephalies: a study of the con-
genital defects in the cerebral mantle. |. Clefts with fused lips.
J Neuropathol Exp Neurol. 1946;5:116—30.

2. Yakovlev PI, Walsworth RC. Schizencephalies: a study of
the congenital clefs in the cerebral mantle. Il. Clefts with
hydrocephalus and lips separated. J Neuropathol Exp Neurol.
1946;5:169—206.

3. Pascual-Castroviejo I, Pascual-Pascual Sl, Viano J. Esquisence-
falia vs. porencefalia. Rev Neurol. 2011;52:623—4.

4. Henderson-Tilton A, Krywanio ML, Green C, Nadel JA. Schizen-
cephaly: a familial occurrence. Neurology. 1980;38 Suppl.
1:398.

5. Hilburger AC, Willis JK, Bouldin E, Henderson-Tilton A. Familial
schizencephaly. Brain Dev. 1993;15:234—6.

6. Haverkamp F, Zerres K, Ostertum B, Emons D, Lentze MJ. Famil-
ial schizencephaly: further delineation of a rare disorder. J Med
Genet. 1995;32:242—4.

7. Hosley MA, Abroms IF, Regland RL. Schizencephaly: case report
of familial incidence. Pediatr Neurol. 1992;8:148—50.

8. Senol U, Karaali K, Aktekin B, Yilmaz S, Sindel T. Dizygotic twins
with schizencephaly and focal cortical dysplasia. AJNR Am J
Neuroradiol. 2000;21:1520—1.

9. Granata T, Farina L, Faiella A, Cardini R, D’Incerti L, Boncinelli
E, et al. Familial schizencephaly associated with EMX2 muta-
tion. Neurology. 1997;48:1403—6.

10. Reiss-Zimmermann M, Weber D, Sorge |, Merkenschlager A,
Hirsch W. Developmental malformations of the cerebral cortex.
Rofo. 2010;182:472—8.

11. Mathew T, Srikanth SG, Satishchandra P. Malformations of
cortical development (MCDs) and epilepsy: experience from
a tertiary care center in south India. Seizure. 2010;19:
147-52.

12. Pascual-Castroviejo |, Pascual-Pascual Sl, Viafo J, Martinez
V, Palencia R. Malformaciones del desarrollo cortical y su
repercusion clinica en una serie de 144 casos. Rev Neurol.
2003;37:327—44.

13. Denis D, Chateil JF, Brun M, Brissaud O, Lacombe D, Fontan
D, et al. Schizencephaly: clinical and imaging features in 30
infantile cases. Brain Dev. 2000;22:475—83.

14. Szab6 N, Gyurgyinka G, Kobor J, Bereg E, Tari S, Sztriha L.
Epidemiology and clinical spectrum of schizencephaly in south-
eastern Hungary. J Child Neurol. 2010;25:1335-9.

15. Brunelli S, Faiella A, Capra V, Nigro V, Simeone A, Cama A, et al.
Gerline mutations in the homeobox gene EMX2 in patients with
severe schizencephaly. Nat Genet. 1996;12:94—6.

16. Tietjen I, Erdogan F, Currier S, Apse K, Chang BS, Hill RS, et al.
EMX2-independent familial schizencephaly: clinical and genetic
analyses. Am J Med Genet A. 2005;135:166—70.

17. Volpe JJ. Neuronal proliferation, migration, organization, and
myelinization. In: Volpe JJ, editor. Neurology of the newborn.
3rd ed. 1995. p. 55—68.

18. Fernandez-Mayorales DM, Fernandez-Jaen A, Jiménez-De la
Peia M, Recio-Rodriguez M, Muhoz Jareno N, Arroyo-Gonzalez
N, et al. Pre and postnatal magnetic resonance imaging. J Child
Neurol. 2010;25:1020-3.

19. Sener RW. Schizencephaly congenital cytomegalovirus infec-
tion. J Neuroradiol. 1998;25:151—-2.

20. lannetti P, Nigro G, Spalice A, Faiella A, Boncinelli E.
Cytomegalovirus infection and schizencephaly: case report. Ann
Neurol. 1998;43:123—7.



Schizencephaly: a study of 16 patients

499

21.

22.

23.

24.

25.

26.

Landrieu P, Lacroix C. Schizencephaly, consequence of a
developmental vasculopathy? A clinicopathological report. Clin
Neuropathol. 1994;13:192—6.

Packard AM, Miller VS, Delgado MR. Schizencephaly: cor-
relations of clinical and radiologic features. Neurology.
1997;48:1427—-34.

Barkovich AJ, Chuang SH, Normom D. MR of neuronal migration
anomalies. AJNR Am J Neuroradiol. 1987;8:1009—17.
Barkovich AJ, Fram EK, Norman D. Septo-optic dysplasia: MR
imaging. Radiology. 1989;171:189—-92.

Barkovich AJ, Kjos BO. Schizencephaly: correlation of clini-
cal findings with MR characteristics. AINR Am J Neuroradiol.
1992;13:85—94.

Aniskiewicz AS, Frumkin LN, Brady DE, Moore JB, Pera A.
Magnetic resonance imaging and neurobehavioral correlates in
schizencephaly. Arch Neurol. 1990;47:911—6.

27.

28.

29.

30.

31.

Landy HJ, Ramsay RE, Ajmone-Marsan C, Levin BE, Brown
J, Pasarin G. Temporal lobectomy for seizures associ-
ated with unilateral schizencephaly. Surg Neurol. 1992;37:
477-81.

Brown MC, Levin BE, Ramsay RE, Landy HJ. Comprehensive eval-
uation of left hemisphere type 1 schizencephaly. Arch Neurol.
1993;50:667—9.

Silbergeld DL, Miller HW. Resective surgery for medically
intractable epilepsy associated with schizencephaly. J Neuro-
surg. 1994;80:820-5.

Bisgard C, Herning M. Severe schizencephaly without neurolog-
ical abnormality. Seizure. 1993;2:151-3.

Cho WH, Seidenwurm D, Barkovich AJ. Adult-onset neurologic
dysfunction associated with cortical malformations. AJNR Am J
Neuroradiol. 1999;20:1037—43.



	Schizencephaly: A study of 16 patients
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


