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ABSTRACT

Cerebral cortical malformations are common causes of neu-
rodevelopmental delay and epilepsy and include a wide range 
of antenatal neurogenesis disorders. Abnormal cell prolif-
eration leads to microcephaly or megalencephaly, incomplete 
neuronal migration results in heterotopia and lissencephaly, 
neuronal overmigration manifests as cobblestone malforma-
tions, and anomalous postmigrational cortical organization is 
responsible for polymicrogyria (PMG) and schizencephaly. 
Although corticogenesis occurs early, these rare pathologies 
are associated with late onset during pregnancy, which does 
not allow their early prenatal recognition. This review aims to 
give an update of current knowledge of these insidious cerebral 
cortical disorders.
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INTRODUCTION

Cerebral cortex malformations may be the result of 
events that inhibit or alter neuronal and glial prolif-
eration and differentiation, neuronal migration, and 
cortical maturation. Neuronal proliferation begins at 
the 7th week in the subependymal region at the walls 
of the lateral ventricles, resulting in being really highly 
active between the 13th and 24th weeks of gestation.1 
Neurons start to migrate at 8th week from the ven-
tricular zone (germinal matrix) toward the pial surface 
of the developing cortex, along radially oriented glial 
scaffolds forming a transient laminar pattern.2 Radial 
neuronal migration ends with the disappearance of the 
germinal matrix at 28 gestational weeks, getting the six 
layers of which the cerebral cortex is formed.3 Gyration 
and sulcation occur when migration is completed after 
32 weeks.4 The pathognomonic pathological feature of 
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neuronal disorders is due to an anomaly of neuronal 
migration related to defect of the glia limitans, which 
normally represents a mechanical barrier to migration 
and permits cortical lamination. The glia limitans is 
formed as early as 6 weeks and comprises a meshwork 
of astrocytic endfeet, attached by a junction complex to 
a distinct outer basal lamina, which is of pial origin. The 
α-dystroglycans have a key-rule for the attachment of 
the lamina and must undergo glycosylation to become 
functional. Hypoglycosylation of dystroglycans induces 
disruption of the glia limitans and consequent abnormal 
migration into the subarachnoid space.5

The pathogenic noxa responsible for neuronal dis-
orders can be congenital due to genetic or metabolic 
anomalies, or can be secondary to infection [cytomega-
lovirus (CMV), Toxoplasma, Herpes virus], to a hypoxic/
ischemic injury, to maternal diabetes, teratogen factors, 
and phenylketonuria. Local or global injury depends 
upon the time of exposition to the pathogenic noxa and 
the type of noxa.6

The most commonly used classification of anomalies 
of the cerebral cortex is that proposed by Barkovich et al,1 
which takes into account four types of anomalies based 
on the moment that the noxa occur during the phase of 
the formation of the cortex:
1.	 Anomalies of neuronal proliferation: Microcephaly, 

macrocephaly or megalencephaly, unilateral 
megalencephaly.

2.	 Anomalies of neuronal migration: Periventricular 
nodular heterotopia, types 1 and 2 lissencephaly.

3.	 Anomalies of cortical organization: Polymicrogyria, 
schizencephaly.

4.	 Unclassifiable anomalies related to congenital meta-
bolic disorders.1

NEURONAL PROLIFERATION DISORDERS

Microcephaly is the result of a reduced glial and neuro-
nal proliferation and increased apoptosis. The etiology 
is based on a primary genetic disorder or secondary to 
environmental noxae (infections, toxic agents, maternal 
phenylketonuria, alcohol, drugs). In recent years, the 
incidence seems to be on the rise due to the spread of 
Zika virus, which has a tropism for fetal neurons causing 
their apoptosis. The major effect of Zika virus seems to 
be when the exposition occurs in the first trimester, but 
injures cannot be excluded during the third trimester. 
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The primary microcephaly can result from an autoso-
mal, recessive, or X-linked inheritance pattern; the brain 
retains a normal gyration with less neurons than normal. 
The secondary microcephaly shows less and reduced 
depth gyri.7

Microcephaly is an evolutionary pathology, since the 
head growth deficiency is a process that takes time to 
manifest and, therefore, in many cases, prenatal diagnosis 
is not feasible. Leibovitz et al8 have shown how about 
90% of cases of microcephaly diagnosed at birth had a 
normal cranial circumference in the second trimester. 
Microcephaly is often associated with structural anoma-
lies of the central nervous system (CNS), such as the 
cerebellum or corpus callosum anomaly.

The ultrasound prenatal diagnosis is based on the 
head circumference estimated below the 2nd standard 
deviation (SD) or inferior of the 3rd percentile for the 
gestational age; especially when gestational age is not 
certainly known, an additional diagnostic aid is the 
comparison of the head circumference to the abdominal 
circumference and to the femur length. The head cir-
cumference/abdominal circumference ratio >3 SD and 
a femur length/head circumference ratio <3 SD for the 
gestational age are suspicious findings of microcephaly. 
Since the failure of brain development mainly is of 
interest to the forebrain, an abnormal fetal profile with 
a flat and low frontal pole (Fig. 1) sometimes together 
with wide subarachnoid spaces are a further sono-
graphic sign of microcephaly.9 Differential diagnosis is 
with craniosynostosis in which the shape of the skull 
is unusual, with a small head in cases of fetal growth 
restriction and constitutional small head. Prognosis is 
poor and depends on the cause of microcephaly and 
other cerebral anomalies associated. The diagnostic 
workup includes evaluation of the fetal karyotype with 
array-comparative genomic hybridization (CGH), serum 

and amniotic tests for infections and fetal magnetic 
resonance imaging (MRI).

Macrocephaly or megalencephaly is defined as the 
presence of a head circumference above 2 SD (or > 98th 
percentile) for the gestational age with no evidence of 
hydrocephaly or intracranial masses. Autosomal domi-
nance inheritance pattern is the most frequent form; 
concomitant identification of wide subarachnoid space in 
the frontal pole would be suggestive that macrocephaly 
can be related to familiar inheritance. It is essential to 
evaluate head circumference in the parents. This form is 
not related to a cognitive delay.

The differential diagnosis is with syndromic mac-
rocephaly, unilateral megalencephaly, and overgrowth 
syndrome. The syndromic macrocephaly is rare and it 
is often associated with other anomalies of the CNS. 
Particularly MPPH syndrome(megalencephaly, poly-
microgyria, postaxial polydactyly and hydrocepha-
lus), MEG-PMG-MegaCC syndrome(megalencephaly, 
polymicrogyria, mega corpus callosum) or MCAP 
syndrome(macrocephaly capillary malformation) should 
be taken into account. Macrocephaly can be distinguished 
from the unilateral megalencephaly because in the latter, 
the cerebral hemispheres are asymmetric. At last, the dif-
ferential diagnosis with overgrowth syndrome, such as 
Sotos syndrome, is made in case of other anomalies that 
involve CNS (dilation of the lateral cerebral ventricles, 
hypoplasia of the corpus callosum).

In all fetuses with macrocephaly, it is appropriate 
to verify the correct gestational age defined in the first 
trimester, the relationship with the other fetal biometric 
parameters and family history of previous macrocephaly. 
Karyotype and fetal MRI should be counseled with the 
parents according the gestational age.

Genetic syndromes can be associated and genetic 
counseling is mandatory.8,10

Unilateral megalencephaly is an extremely rare con-
dition characterized by a unilateral abnormal growth of 
a cerebral hemisphere in comparison with the opposite 
one. It can be isolated or associated with genetic syn-
dromes, such as tuberous sclerosis or Proteus syndrome. 
On ultrasound, an asymmetry between the two hemi-
spheres with shifted midline structures and unilateral 
ventriculomegaly is shown (Fig. 2). It can be associated 
with other CNS anomalies (ventriculomegaly, agenesis 
of the corpus callosum, posterior fossa anomalies) with 
a thickening of the cerebral cortex and formation of 
abnormal gyri and sulci for the gestational age. The con-
tralateral cerebral hemisphere is normal, but it is pressed. 
The differential diagnosis includes intracranial tumors, 
hemorrhage, and infections. Outcome is related to the 
damage of the cerebral hemispheres with psychomotor 
retardation, epilepsy, and hemiparesis of the opposite 

Fig. 1: Microcephaly. An abnormal fetal profile with a flat and 
low frontal pole (arrow) is visible
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side to that of the cerebral hemisphere involved. Fetal 
MRI, karyotype with array-CGH, and genetic counseling 
are recommended.11-13

NEURONAL MIGRATION DISORDERS

Periventricular nodular heterotopia is a cerebral malfor-
mation due to neuronal agglomerate displacement for 
a neuronal migration block. Two types are identified: 
the periventricular type, with nodules surrounding the 
wall of the lateral ventricles; the stripe type, also called 
double cortex, with a neuronal lamina in the subcortical 
space. The first type is related to an X-linked dominant 
inheritance. Prenatal sonographic diagnosis is rare, with 
irregular surface of lateral ventricle, periventricular 
hyperechogenicity (Fig. 3), or small focal hyperecho-
genicity of cortex less than 2 mm. Associated anomalies 
can be possible, such as ventriculomegaly, posterior fossa 
anomaly, or corpus callosum agenesis. Differential diag-
nosis is with tuberous sclerosis and subependymal hem-
orrhage. The first one is distinguished because cardiac 
rhabdomyomas and intraparenchymal hyperechogenicity 
with diameter greater than 2 mm are visible. In case of 
subependymal hemorrhage, intraventricular hemorrhage 
is often associated. Normal neuronal development or mild 
grade mental retardation is shown in isolated cases, with 
variable degree epilepsy. The ultrasound suspect must be 
confirmed with fetal MRI. Karyotype, array-CGH, and 
genetic analysis for the FLN1 gene mutation must be 
suggested with genetic counseling to evaluate a possible 
risk of recurrence.

Lissencephaly refers to a smooth outer brain surface, 
characterized by the reduction (pachygiria) or absence 
(agyria) of the cerebral gyri and of the thickness of the 
cortex.14 Based on brain pathology, lissencephaly is clas-
sified into two groups:

•	 Type I lissencephaly, also called classic lissencephaly 
(agyria): cerebral cortex is composed of four layers, 
instead of the traditional six, as a result of incomplete 
migration of neurons. It appears as complete or incom-
plete agyria. The complete form is characterized by a 
smooth surface of the entire brain. In the incomplete 
form, which is the more commonly seen type, there 
is a gradient of severity either anterior to posterior 
or posterior to anterior depending on the genetic 
defect. Lissencephaly is usually symmetric. Agenesis 
of the corpus callosum or cerebellar hypoplasia can 
be associated findings depending on the affected 
gene. It is also associated with a phenotype similar 
to Miller–Dicker or Norman–Roberts syndrome.

•	 Type II lissencephaly, also called Cobblestone complex: 
irregular cerebral cortex with distorted cytoarchitec-
ture (cobblestone shape), as a result of lack of connec-
tion of the radial glia to the pial limiting membrane 
and neuronal overmigration through pial gaps. It is 
accompanied by ocular anomalies and congenital 
muscular disorders. Cobblestone malformations have 
been divided into three different groups based on 
severity, with Walker–Warburg syndrome being the 
most severe form, Fukuyama congenital muscular 
dystrophy the mildest form, and muscle–eye brain 
disease being the moderate form. Congenital muscu-
lar dystrophy is a key feature.13,14

Type I lissencephaly is diagnosed by demonstration 
of dysgenesis of the Sylvian fissure (Fig. 4), delayed 
sulcal appearance, callosal abnormality, and cortical 
thickening or when the parieto-occipital, and calcarine 
fissure are not yet developed at 22 to 23 weeks. Mild 
ventriculomegaly and delayed opercular develop-
ment are the earliest signs and can be depicted by  
23 weeks of gestation in fetuses at risk.15,16 Isolated 

Fig. 2: Unilateral megalencephaly. The coronal section on the 
occipital lobes has an asymmetry between the two hemispheres 
with shifted midline structures and unilateral ventriculomegaly

Fig. 3: Periventricular nodular heterotopia. Irregular surface of the 
enlarged lateral ventricle and periventricular hyperechogenicity 
may be recognized
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mild ventriculomegaly at the midtrimester scan should 
suggest a follow-up ultrasound examination at 24 
to 25 weeks. The abnormal opercular formation is 
responsible for a “8” shaped brain.17 Sometimes, the 
genetic defect can be suspected based on the gradient 
of the anomaly (anterior > posterior-DCX or posterior 
 > anterior-LIS1), the fetal gender (male-DCX, ARX), 
associated brain anomalies (agenesis of corpus callosum-
ARX, cerebellar hypoplasia-RELN, and abnormal basal 
ganglia-TUBA1A).13 This diagnosis, however, is not easy 
and can be suspected only when associated intracranial 
anomalies are present or a familiar history is referred.4,18

Prenatal diagnosis of type II lissencephaly can be sus-
pected when early enlargement of the lateral ventricles, 
abnormal vermis, retinal detachment, cataract, abnormal 
sulcation, kinked brain stem, and bifid pons are pointed 
out.19-23 Kinked brain stem was reported prenatally by 
Stroustrup Smith et al24 who used fetal MRI between 19 
and 34 weeks in a unique series of seven cases, identify-
ing an association between the Z-shaped appearance of 
the brain stem and the occurrence of severe neurodys-
genesis. Lacalm et al18 suggest that the observation of a 
Z-shaped appearance of the brain stem surrounded by 
an echogenic band is pathognomonic for cobblestone 
lissencephaly.

The prognosis is poor and characterized by severe 
mental retardation, hypotonia, convulsions, epilepsy, 
and death during the first 5 years of life. Karyotype and 
genetic counseling are suggested to estimate the possible 
risk of recurrence.

NEURONAL ORGANIZATION DISORDERS

Polymicrogyria is a malformation of the cerebral cortex 
in which an excessive of gyral and sulcal shallow 

developments are present. The PMG is caused by an 
interruption in normal cerebral cortical development 
in the late neuronal migration or early postmigrational 
development periods.14 It is not a single entity, but a 
spectrum of cortical malformations with the common 
feature being excessive gyration.25 All have, in common, 
a derangement of the normal six-layered lamination of the 
cortex, an associated derangement of sulcation, and fusion 
of the molecular layer across sulci.26 It is due to a X-linked 
or genic mutation or chromosome 16 genic mutation, or 
due to infection by CMV or Parvovirus B19, or due to an 
ischemic/hemorrhagic state secondary to the death of a 
twin in a monochorionic pregnancy. Variable portions of 
the cerebral cortex can be affected: It may be focal, mul-
tifocal, or diffuse, unilateral, bilateral, symmetrical, and 
asymmetrical. The most common location (in 60–70% of 
cases) is around the Sylvian fissure, particularly, the poste-
rior aspect of the fissure; however, any part of the cerebral 
cortex, including the frontal, occipital, and temporal lobes, 
can be affected. The PMG may be an isolated malformation 
or it may be associated with other brain malformations, 
such as microcephaly or ventriculomegaly.

The cortical changes of PMG take place late in 
pregnancy and appear as localized and/or generalized 
absence of normal sulcation with multiple abnormal 
infoldings of the affected cortex.

Before the 24th week, the identification of this cortical 
malformation is quite difficult with both ultrasound and 
MRI. The diagnosis is based on the presence of sulci that 
are not expected according to the gestational age, abnor-
mal opercular development, an irregular surface of the 
brain, mild ventriculomegaly associated with numerous 
sulci in the perisylvian area, and a prominent subarach-
noid space overlying the cortical malformation. When the 
cause is CMV infection, other signs of brain infection are 

Figs 4A and B: (A) Lissencephaly at 26 weeks of gestation; and (B) the angle between the insula and the temporal  
operculum is still obtuse. Compare with the acute angle of a normal case

A B
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visible, such as ventriculomegaly, abnormal ventricular 
lining and adhesions, periventricular pseudocysts, tem-
poral cysts, abnormal echogenicity of the white matter, 
calcifications, and cerebellar anomalies.

The prognosis depends on the extent and location of 
the affected area.26-28

Schizencephaly is a rare congenital anomaly in which 
a part of the brain cortex is absent, and the ventricular 
cavity widely communicates with the arachnoidal space. 
It can be unilateral or bilateral, symmetric or asymmetric. 
Two types of schizencephaly are known: the first one with 
a very thin cleft (closed lip schizencephaly) where the 
lips can be closed, and the second one with an open wide 
cleft filled with cerebrospinal fluid and often associated 
with VM (open lip schizencephaly) (Fig. 5). The latter 
form is often associated with septo-optic dysplasia. The 
clefts are covered with gray substance, thus excluding a 
loss of substance from acquired causes. Only the open lip 
schizencephaly has been diagnosed in utero. Commonly, it 
is situated around the Sylvian fissure and the diagnosis is 
usually made in the third trimester of pregnancy. The dif-
ferential diagnosis with large porencephalic cysts located 
in the Sylvian fissure is extremely difficult. If it is visible 
as a small echogenicity and/or an irregular surface, it can 
be the porencephalic cyst, also called encephaloclastic 
cyst. Since the association between schizencephaly and 
septo-optic dysplasia is frequent, it is necessary to visu-
alize the cleft in case of schizencephaly to rule out lobar 
holoprosencephaly and isolated septo-optic dysplasia. In 
cases of open lip schizencephaly, the prognosis is poor 
and it is generally associated with seizures and severe 
mental retardation.29,30
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