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ABSTRACT
Schizencephaly and porencephaly are extremely rare
types of cortical dysplasia. Case 1: Prenatal magnetic
resonance imaging (MRI) showed wide clefts in the
frontal and parietal lobes bilaterally. On postnatal day 3,
MRI T2-weighted images showed multiple hypointensities in the clefts and ventricular walls, suggestive of
hemosiderosis secondary to intracranial hemorrhage.
Case 2: Prenatal MRI showed bilateral cleft and cyst formation in the fetal cerebrum, as well as calcification and
hemosiderosis indicative of past hemorrhage. T2-weighted images showed hypointensities in the same regions as
the calcification, corresponding with hemosiderosis due
to intracranial hemorrhage on postnatal day 10. Thus,
prenatal MRI was useful for diagnosing schizencephaly
and porencephaly. Schizencephaly and porencephaly
were thought to be due to fetal intracranial hemorrhage,
which, in the porencephaly case, may have been related
to a mutation of COL4A1.

symptoms of schizencephaly depend on the size of the
clefts.5 Cytomegalovirus (CMV) infection and neuronal
migration disorder have long been among the suspected
causes of both disorders. Fetal intracranial hemorrhage
caused by abnormal type IV collagen, which is a component of vascular walls, has recently been presented as
evidence for another etiology.6
Two cases, one of schizencephaly and one of porencephaly, both attributed to fetal intracranial bleeding,
are reported herein.
PATIENT REPORT
Case 1

Transabdominal ultrasound examination at a gestational
age (GA) of 24 weeks 6 days in a 24-year-old Japanese
pregnant woman (gravida 3, para 2) indicated fetal ventriculomegaly. The patient was referred to our department at 27 weeks 2 days GA. She had received prenatal
checkups from her local doctor, and her family and
medical histories were unremarkable. Maternal blood
testing for CMV was positive for immunoglobulin (Ig)
G antibodies and negative for IgM antibodies. Clefts in
the fetal parietal lobe observed on transabdominal ultrasound suggested schizencephaly (Fig. 1A). Subsequent
observation of bilateral wide clefts in the frontal and
parietal lobes on magnetic resonance imaging (MRI) at
a GA of 30 weeks 0 days led to a prenatal diagnosis of
open-lip schizencephaly (Figs. 1B and C). No other associated malformations were observed on prenatal MRI
and ultrasound examination.
A 3168-g girl was delivered vaginally at 38 weeks 6
days GA. On postnatal day 3, MRI demonstrated continuous gray matter extending from the lateral ventricles to
the brain surface in bilateral clefts (Fig. 1D). T2-weighted images showed multiple hypointensities in the clefts
and ventricular walls, suggestive of hemosiderosis secondary to intracranial hemorrhage (Figs. 1E and F). A
neonatal blood sample was negative for CMV DNA by
PCR. We did not investigate the genetic testing for the
COL4A1 mutation. The infant could feed by mouth and
was discharged on postnatal day 6.
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Schizencephaly is a type of cortical dysplasia characterized by the formation of clefts in the cerebral mantle.
Since these clefts result from destructive changes arising prior to the completion of neuronal formation and
migration, they are lined with abnormal gray matter.1–3
Conversely, porencephaly, which is characterized by
cystic changes in the cerebral parenchyma, results from
destructive changes occurring after the completion of
neuronal migration; thus, the cyst walls and clefts are
not lined with gray matter.3, 4 In both disorders, postnatal
clinical symptoms may include various degrees of cerebral palsy, mental retardation, and epilepsy. The clinical
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Fig. 1. Prenatal imaging findings and postnatal magnetic resonance imaging of Case 1. A, B, C: Prenatal transabdominal ultrasound and
magnetic resonance images. A, Clefts in the parietal lobe, as seen on transabdominal ultrasound at 27 weeks 2 days. B, C: Wide clefts in
bilateral frontal and parietal lobes, as seen on magnetic resonance imaging (T2-weighted images) at 30 weeks 0 days. D, E, F: Postnatal
magnetic resonance images. D, Clefts in bilateral frontal and parietal lobes lined with continuous gray matter extending from the lateral
ventricles to the brain surface, as seen on magnetic resonance imaging (T2-weighted images) on postnatal day 3 (arrows). E, F: Multiple
hypointensities are evident on the T2-weighted images (arrows).

Case 2

were observed on prenatal MRI or ultrasound. A 1834-g
girl was delivered vaginally at 38 weeks 0 days GA. The
Apgar score was 5 points at one minute after birth and
five-minute score was 7 points.
Destructive changes in the neonatal cerebrum were
observed on MRI and computed tomography (CT) on
postnatal day 10, confirming the diagnosis of porencephaly. Periventricular calcifications were also observed
around the lateral ventricles on CT (Fig. 2D). T2-weighted images showed hypointensities in the same regions as
the calcification, corresponding with hemosiderosis due
to intracranial hemorrhage (Figs. 2E and F). Urine collected from the infant on postnatal day 12 was negative
for CMV by quantitative real-time PCR. Genetic testing identified a heterozygous missense mutation in the

Transabdominal ultrasound examination at a GA of 30
weeks 4 days in a 39-year-old Japanese pregnant woman
(gravida 1, para 0) indicated fetal ventriculomegaly, and
the patient was referred to a general hospital. She had
received prenatal care from her local doctor, and her
family and medical histories were unremarkable. MRI
at a GA of 32 weeks 0 days revealed bilateral clefts and
cysts in the fetal cerebrum, as well as calcification and
hemosiderosis indicative of past hemorrhage, which
led to a prenatal diagnosis of porencephaly (Figs. 2A
and B). The patient was referred to our department for
delivery at 36 weeks 5 days GA. At initial examination,
transabdominal ultrasound confirmed fetal ventriculomegaly (Fig. 2C). No other associated malformations
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Fig. 2. The results of diagnostic imaging at pre- and postnatal period of Case 2. A, B, C: Prenatal transabdominal ultrasound and magnetic resonance images. A, B: Cyst formation and irregular thinning of the cerebrum, as seen on magnetic resonance imaging (T2-weighted
images) at 32 weeks 0 days. The ependyma merges with the pia mater in the area of cerebral parenchymal defects (arrows). Hypointensities are present along the ventricular walls and brain surface on the T2-weighted images (arrows). C. Ventriculomegaly, as seen on
transabdominal ultrasound at 36 weeks 5 days. D, E, F: Postnatal magnetic resonance and computed tomography images. D, Calcification
around the lateral ventricles, as seen on computed tomography on postnatal day 10 (arrows). E, F: Cyst formation in the cerebrum, as seen
on magnetic resonance imaging (T2-weighted images) on postnatal day 10 (arrows). Hypointensities on T2-weighted images appear in the
same regions as the calcification seen on computed tomography (arrows).

COL4A1 gene (COL4A1 c.4843G > A [p.Glu1615Lys]).
She was diagnosed with symptomatic epilepsy, and
phenobarbital was started on postnatal day 17. She was
transferred to a local hospital on postnatal day 60. She
also had right corneal opacity, right optic atrophy, and
left ocular hypoplasia, and she underwent gastrostomy
tube placement for gastroesophageal reflux and laryngotracheal separation for laryngomalacia.

cephaly was first reported by Heschl et al. in 1859, and
the diagnosis was based on autopsy findings of cerebral
clefts and cysts communicating with the subarachnoid
space and lateral ventricles.8 However, no studies to date
have compared the histopathological and radiographic
features of schizencephaly and porencephaly, and no
clear method for differentiating between the two disorders has yet been established. Our experiences with the
two cases reported here, however, suggest that MRI may
be a useful diagnostic tool for pre- and postnatal differentiation. Ultrasound observation of the fetal cranium
enables diagnosis of ventriculomegaly, cerebral parenchymal defects, and large clefts; however, the marked
effects of bone artifacts, particularly from the second
trimester on, prevent detailed examination. Furthermore,

DISCUSSION
Schizencephaly was named by Yakovlev et al. in 1946
based on the morphological features of autopsy specimens.1 Diagnostic criteria for schizencephaly were
subsequently proposed by Miller et al. in 1984, based on
characteristics observed on diagnostic images.7 Poren243

T. Harada et al.

a heterozygous missense mutation in the COL4A1 gene
(COL4A1 c.4843G > A [p.Glu1615Lys]). Thus, porencephaly was likely caused by fetal intracranial hemorrhage due to the COL4A1 mutation.
Porencephaly does not appear to result from COL4A1 mutation-related destructive changes and intracranial hemorrhage alone; many contributing factors in addition to genetic mutation are believed to be involved.16
However, the many reports of familial recurrence of
schizencephaly and porencephaly, and of an autosomal
dominant pattern of inheritance of porencephaly,18 indicate that genetic factors are important to the disease
etiologies. Familial porencephaly likely involves vascular wall weakening due to genetic mutation; therefore,
delivery by cesarean section is recommended to avoid
injury at the time of birth16. In the present porencephaly
case, further testing was required to identify genetic mutations and facilitate appropriate postpartum counseling
for the parents.
In conclusion, cases of schizencephaly and porencephaly were described. Differentiation between schizencephaly and porencephaly is challenging when the
schizencephalic clefts are large. However, using MRI to
confirm the presence or absence of cystic changes or abnormal gray matter lining the clefts aids differentiation.

the similar incidence of unilateral and bilateral clefts in
schizencephaly9 and differences in cleft size between
individuals make it difficult to differentiate schizencephaly from porencephaly based on cleft size alone.
The neurologic symptoms and developmental outcome
of children with schizencephaly differ in the extent of
cortex involved in the cleft. Bilateral open-lip type defect is the poor prognostic factor.10 The prenatal imaging
variation of defect size and locations may have important implications for counseling and suggesting treatment
options for these patients.11 This was our experience with
Case 1: large cleft size precluded definitive differentiation of schizencephaly from porencephaly by prenatal
ultrasound examination, but we were able to make the
prenatal diagnosis of schizencephaly by MRI, as it allowed us to confirm the absence of cystic changes in the
cerebrum. We were not able to confirm the presence of
clefts lined by gray matter that extend from the brain
surface to the lateral ventricules before birth, owing to
the low resolution of fetal MRI imaging. Postnatal MRI
observation of abnormal gray matter lining the clefts
was useful in confirming the diagnosis of schizencephaly.
Differences in morphological features between
schizencephaly and porencephaly are thought to arise
due to the occurrence of destructive changes at different
stages of cerebral cortex formation.3, 6 Causes of these
destructive changes in the cerebral mantle include: maternal-fetal transmission of infections such as CMV and
toxoplasma; monozygotic twinning; and maternal cardiac arrest or abdominal trauma.12, 13 Both of the present
cases were negative for CMV infection, and the maternal medical histories showed no symptoms indicative
of maternal-fetal transmission or physical trauma. However, neonatal MRI performed immediately after birth
indicated that hemorrhagic changes had occurred during
the fetal period; thus, the cause of disease in both of the
present cases was presumed to be fetal intracranial hemorrhage.
A relationship between intracranial hemorrhage
and mutation of the procollagen alpha-1 (IV) (COL4A1)
gene has recently been reported.6 The COL4A1 gene
codes for the alpha-1 chain of the heterotrimeric type IV
collagen molecule, a primary component of the vascular
basement membrane.14 Changes in the vascular walls
due to this genetic mutation result in abnormalities in the
brain, eyeballs, muscles, kidneys, and other organs.15 In
mice, COL4A1 mutation causes ocular dysgenesis, cortical dysplasia, cerebral hemorrhage, porencephaly, and
myopathy.16, 17 Approximately 20% of patients with schizencephaly or porencephaly have a COL4A1 mutation.6
Genetic testing in Case 2 of the present study identified
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