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MALFORMATIONS OF CENTRAL NERVOUS SYSTEM: GENERAL ISSUES
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ABSTRACT
Malformations of the central nervous system (CNS) encompass a heterogeneous group of congenital anomalies that may be
isolated or appear as part of a genetic syndrome. Advances in identifying the genetic etiology underlying many CNS malformation
and syndromes have led to the current genetic-based classifications that allows us to better estimate prognosis and potential complications. Herein, we discuss the main genetic, clinical and radiological features and their implications for diagnostic testing and
disease management.
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Introduction
Congenital central nervous system (CNS) malformations are highly prevalent, affecting 1 to
10:1,000 live newborns(1), they may be isolated or
appear as part of a genetic syndrome or a complex
congenital malformation syndrome(2).
CNS congenital abnormalities can be considered one of the main causes of infant morbidity and
mortality and fetal death. CNS anomalies can be
divided into developmental malformations and disruptions.
Developmental malformations result from
brain developmental anomalies. These may be
caused by chromosomal abnormalities and single
gene defects, or by imbalances of factors that control gene expression during brain development.
Gene defects may be in the germline or may develop after conception by spontaneous somatic mutation or be related to physical or chemical agents

that act as teratogens. Some malformations are
caused by multifactorial etiology in relation to multiple genetic and environmental factors.
Disruptions result from destruction of a normally developing brain and are caused by environmental or intrinsic factors such as fetal infection,
exposure of the fetus to harmful chemicals, radiation, and fetal hypoxia.
Similar brain anomalies are caused by different noxae and the same noxa can determine different anomalies in relation to the time of its occurrence. For example, holoprosencephaly, a condition
in which the forebrain is not divided into two hemispheres, is a malformation. Hydranencephaly, in
which massive destruction reduces the hemispheres
into fluid-filled sacs, is a disruption. The line
between malformation and disruption is sometimes
blurred because an extrinsic factor (e.g. radiation)
may cause both direct physical injury and gene
damage (epigenetic effect).
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Malformations carry a recurrence risk that
can be calculated and sometimes avoided in the
future, for example in case of maternal metabolic
pathology like maternal hyperphenilalaninemia, and
maternal diabetes. Disruptions do not recur, unless
the exposure recurs or continues. Exposure to
known teratogens and viral infections, can occur
throughout pregnancy. The timing of exposure is
critical for both, malformations and disruptions.
The earlier the exposure, the more severe the CNS
defect. For instance, fetal cytomegalovirus (CMV)
infection before midgestation can be responsible for
microcephaly and polymicrogyria. CMV infection
in the third trimester causes an encephalitis, similar
to postnatal CMV encephalitis responsible for other
diseases as deafness(3,5). The most critical period for
malformations and disruptions is the third to eighth
week of gestation, during which the brain and most
organs develop.
Classically, brain malformations are classified
according to the morphological and structural criteria. In the past few years there have been great
advances in identifying genetic and epigenetic
alterations for many isolated CNS malformations
and syndromes with CNS malformations. Several
genomic disorders caused by copy number variation (microdeletions and microduplications) of
genes whose dosage is critical for the physiological
function of the nervous system have been recently
identified(6-8). With recent advances in the understanding of underlying molecular mechanisms
involved in the development of the brain, attempts
are being made to categorize these malformations
according to the underlying genetic factors(9).
Prenatal diagnosis
Sonography is the standard approach for evaluating
those anomalies prenatally. Fetal MRI is an important complementary imaging modality for the evaluation of malformations of the CNS as suspected
by prenatal US. The optimum time to perform the
examination is between 30 and 32 weeks. The most
common reasons for referral for fetal MRI are the
presence of fetal ventriculomegaly, suspected agenesis of the corpus callosum, posterior fossa abnormalities. MRI has been employed to study disorders
of neuronal migration and midline disorders, which
have always been difficult to detect sonographically. Ventriculomegaly (atrial width greater than 10
mm) is the most commoncentral nervous system
(CNS) abnormality identified on prenatal sonography(10).
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The causes of ventriculomegaly include developmental, destructive, and obstructive processes.
As many as 80% of fetuses with ventriculomegaly
have extra-CNS and CNS additional abnormalities
that are detected by prenatal sonography and/or by
postnatal evaluation(11,12). As the neurodevelopmental outcome of fetal ventriculomegaly depends, at
least inpart, on the presence of additional abnormalities(13). MRI should be considered to determine the
etiology and to rule out complications(14).
Neural tube defects
Meningomyelocele is characterized by protrusion of the meninges and spinal cord through open
vertebral arches leading to paralysis). Varying
degrees of mental retardation, bowel and bladder
dysfunction as well as orthopedic disabilities also
occur in association (15). In most clinical series,
hydrocephalus and Chiari II malformation are frequently reported in 90%-100% of babies with open
spina bifida(16). As these neonates are at high risk of
developing NICU infections, surgery should be performed within 24 to 48 hours after birth .
Disorders of regionalization
Abnormal development of the anterior portion
of the neural tube (the mediobasal prosencephalon)
and associated structures caused by disturbances in
ventral induction may cause abnormalities of the
brain and face. The most severe is holoprosencephaly in which there is failure of the prosencephalon to separate into two cerebral hemispheres(17). Holoprosencephaly has been associated
with chromosomal abnormalities in all chromosomes, the most frequent in descending order are
deletions or duplications of various regions of 13q,
del(18p), del(7)(q36), dup(3)(p24-pter),
del(2)(p21), and del(21)(q22.3)(18).
Studies in vertebrate models indicate the
importance of the sonic hedgehog pathway in
foregut anomalies (i. e. esophageal atresia) some of
which has been observed in association with holoprosencephaly in some human patients(19), suggesting that common signals operate in both the forebrain and the foregut during development. Prompt
recognition and appropriate clinical management of
these associated anomalies are important to
improve the rates of morbidity, surgical complications and mortality in these infants(20).
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Table 1: Non sindromic disorders of cortical development. Disorders of proliferation.

Malformation of cortical development
Current classifications of malformations of
cortical development rely on the stage of development (cell proliferation, neuronal migration, cortical organization) at which cortical development was
first affected and known genetics(21). It is estimated
that up to 40% of children with drug resistant
epilepsy have a cortical malformation(22). Some of
these less severe migrational and organizational
abnormlities my beclinicaly silent and associated
with learning difficulties or seizures. Several non
sindromic disorders of cortical development have
been decribed (Table 1).
Microcephaly is defined as a head circumference (HC) more than 2 SDs below the mean for age
and gender. Microcephaly with multiorgan involvement is frequently reported, but rather nonspecific
finding in submicroscopic chromosomal aberrations, in subtelomeric deletions (>30%) and in several cases of simplex and complex chromosomal
rearrangement (23-27).To date, the genes: MICROCEPHALIN (MCPH1), WDR62 (MCPH2),
CDK5RAP2 (MCPH), CEP152 (MCPH4), ASPM
(MCPH5), CENPJ (MCPH6) and STIL (MCPH7)
found to be responsible for true congenital isolated
microcephaly of 4 SD or less, are all autosomal
recessive(28).

Disorders of migration
Periventricular nodular heterotopia is a malformation of neuronal migration in which a subset
of neurons fails to migrate into the developing cerebral cortex. Lissencephaly-pachygyria and subcortical band heterotopia are disorders of neuronal
migration and represent a malformative spectrum
resulting from mutations of either LIS1 or DCX
genes. LIS1 mutations cause a more severe malformation in the posterior brain regions. Most children
have severe developmental delay and infantile
spasms, but milder phenotypes are on record,
including posterior subcortical band heterotopia
owing to mosaic mutations of LIS1. DCX mutations usually cause anteriorly predominant
lissencephaly in males and subcortical band heterotopia in female patients (Figure 1).
In type 1 lissencephaly the cerebral cortex
lacks gyri and sulci and is thickened, either
throughout the cortex or more in the posterior than
the anterior regions. Several other genetic causes
were later found in the lissencephaly, pachygyria,
and subcortical band heterotopia spectrum, including the genes DCX RELN, VLDLR,
ARX,andTUBA1A(29).
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Fig. 1: Cerebral MRI Coronal T1 scan shows frontal
bilateral pachigyria with ventricular enlargement in a
female patient with DCX gene mutation.

Fig. 2: Cerebral CT axial scan shows posterior fossa
hemorrhage in a term newborn following rupture of the
Vein of Galen.

In type II lissencephaly the cerebral malformations may be associated with eye or muscle abnormalities so that a comprehensive assessment is necessary. X-linked lissencephaly with corpus callosum agenesis and ambiguous genitalia in genotypic
males is associated with mutations of the ARX
gene, severe delay, seizures with suppression-burst
EEG and early death; carrier female patients can
have isolated corpus callosum agenesis(30).

Conclusions

Vascular malformations
Although they represent fewer than 1% of all
cerebral arteriovenous malformations seen in children and adults, almost all cases diagnosed in the
fetus and neonate involve the vein of Galen(31). Very
severe fetal brain disruption sequence can occur(3234)
. During the neonatal or infancy period the disease
is presented with congestive heart failure diagnosed
within the first week of birth, intracranial hemorrhage, seizures or focal neurologic symptoms
(Figure 2).
Two angioarchitectural variants have been
delineated: a choroidal type, composed of numerous feeding arteries joining the dilated midline vein
around the choroidal fissure; and a mural type,
composed of a single or a few arterial feeders
which join the dilated vein near a single location.
The choroidal type is usually characterized by
much higher flow and tends to present early with
cardiac failure. The mural type has lower overall
flow and tends to present later in life with hydrodynamic disturbances. Newborns who presented after
the first 2 weeks of life often have a mural type
VGAM(35). Patiens with cardiac failure have a particularly poor outcome even with treatment(36).

Congenital CNS malformations should be suspected in patients presenting with seizures, developmental delay, microcephaly, macrocephaly, dysmorphic features especially during first year of life.
Magnetic resonance imaging is essential to delineate the anatomical abnormalities. If a structural
CNS abnormality is found chromosome analysis
should be considered. Fluorescent in situ hybridisation (FISH) studies may detect microdeletion syndromes. As such malformations may appear as part
of a genetic syndrome, it is important to look for
associated anomalies in any infant with a CNS malformation(37). Further investigations will depend on
the specific diagnosis. The careful assessment of
such patients is important in order to provide an
accurate prognosis and genetic counselling.

References
1)

2)

3)

4)

De Noronha L, Medeiros F, Martins VD, Sampaio GA,
Serapião MJ, Kastin G, Torres LF. Malformações do
sistema nervoso central: análise de 157 necrópsias
pediátricas. Arq Neuropsiquiatr. 2000; 58: 890-896.
Jeng LB, Tarvin R, Robin NH. Genetic advances in
central nervous system malformations in the fetus and
neonate. Semin Pediatr Neurol. 2001; 8: 89-99.
Salvago P, Martines E, Martines F. Prevalence and risk
factors for sensorineural hearing loss: Western Sicily
overview. Eur Arch Otorhinolaryngol 2013; doi:
10.1007/s00405-013-2379-2.
Martines F, Bentivegna D, Maira E, Sciacca V.,
Martines E. Risk factors for otitis media with effusion:
Case-control study in Sicilian schoolchildren. Int J
Pediatr Otorhinolaryngol 2011; 75: 754-759.

Malformations of central nervous system: general issues
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)
16)
17)

18)

19)

20)

Martines F, Salvago P, Bentivegna D, Bartolone A,
Dispenza F, Martines E. Audiologic profile of infants at
risk: experience of a Western Sicily tertiary care centre.
Int J Pediatr Otorhinolaryngol. 2012; 76: 1285-1291.
Kariminejad R, Lind-Thomsen A, Tümer Z, Erdogan F,
Ropers HH, Tommerup N, Ullmann R, Møller RS.
High frequency of rare copy number variants affecting
functionally related genes in patients with structural
brain malformations. Hum Mutat.2011; 32: 1427-1435.
Piro E, Busè M, Sciarrabone GM, Antona V, Martines
M, Ballacchino A, Piccione M, Corsello G. Copy number variations in the etiology of autism spectrum disorders. Acta Medica Mediterranea 2013; 29: 337-342.
Piro E, Martines M, Ballacchino A, Busè M, Graziano
F, Salzano M, Consiglio V, Antona V, Corsello G. Copy
number variations in the etiology of epilepsy. Acta
Medica Mediterranea 2013; 29: 317-320.
Thierry A.G.M Huisman TAGM, Tekes A, Poretti A.
Brain malformations and fetal ventriculomegaly: What
to look for? J Ped Neuroradiol 2012; 1: 185-195.
Cardoza JD, GoldsteinRB, Filly RA. Exclusion of fetal
ventriculomegaly with a single measurement: the width
of the lateral ventricular atrium. Radiology 1988; 169:
711-714.
Gaglioti P, Danelon D, Bontempo S, et al. Fetal cerebral ventriculomegaly: outcome in 176 cases.
Ultrasound Obstet Gynecol 2005; 25: 372-377.
Puccio G, Giuffrè M, Piccione M, Piro E, Rinaudo G,
Corsello G. Intrauterine growthrestriction and congenitalmalformations: a retrospectiveepidemiologicalstudy. Ital J Pediatr 2013; 39: 23. doi:10.1186/18247288-39-23.
Gupta JK, Bryce FC, Lilford RJ. Management of
apparently isolated fetal ventriculomegaly. Obstet
Gynecol Surv 1994; 49: 716-721.
Griffiths P D, Reeves MJ, Morris JE, Mason G, Russell
SA, Paley MN, Whitby EH. A Prospective Study of
Fetuses with Isolated Ventriculomegaly Investigated by
Antenatal Sonography and In Utero MR Imaging.
AJNR Am J Neuroradiol. 2010; 31: 106-111.
Werler MM, Mitchell AA. Neural-tube defects. N Engl
J Med 2000; 342: 1135-1136. author reply 1136-1137.
Lemire R: Neural tube defects . JAMA 1988, 259, 7682.
Verity C, Firth H, Constant C. Congenital abnormalities of the central nervous system. Neurol Neurosurg
Psychiatry 2003; 74: i3-i8.
Dubourg C, Bendavid C, Pasquier L, Henry C, Odent
S, David V. Holoprosencephaly. Orphanet J Rare Dis.
2007; 2: 8.
Verloes, A, Narcy F, Fallet-Bianco C. Syndromal hypothalamic hamartoblastoma with holoprosencephaly
sequence, microphthalmia, pulmonary malformations,
radial hypoplasia and mullerian regr regression: further delineation of a new syndrome? Clin Dysmorphol:
4, 33-37.
Matina F, Piro E, Zicari C, Giuffrè M, Piccione M,
Corsello G. Congenital diaphragmatic hernia and
esophageal atresia: importance of respiratory follow.
Acta Medica Mediterranea, 2013, 29: 343-347.

739
21)

22)

23)

24)

25)

26)

27)

28)
29)

30)

31)

32)

33)

34)

Barkovich AJ, Guerrini R, Kuzniecky RI, Jackson GD,
Dobyns WB. A developmental and genetic classification for malformations of cortical development: update
2012. Brain. 2012; 135: 1348-1369.
Kuzniecky RI. Magnetic resonance imaging in developmental disorders of the cerebral cortex. Epilepsia
1994; 35S6: 44-56.
Piro E, Antona V, Consiglio V, Ballacchino A, Graziano
F, Giuffrè M, Alongi A, Vecchio D,Corsello G.
Microcephaly a clinical-genetic approach. Acta Medica
Mediterranea 2013; 29: 327-331.
Busè M, Giuffrè M, Martines M, Piro E, Piccione M,
Corsello G. 16P11.2 Microdeletion/microduplication
syndrome: further characterization of a critical region
for neuropsychiatric development. Acta Medica
Mediterranea 2013; 29: 241-246.
Graziano F, Antona V, Martines M, Ballacchino A,
Consiglio V, Piro E, Corsello G. Type and counter-type
from specific cromosomal regions. Acta Medica
Mediterranea 2013; 29: 333-336.
Piccione M, Vecchio D, Cavani S, Malacarne M,
Pierluigi M, Corsello G. The first case of myoclonic
epilepsy in a child with a de novo 22q11.2 microduplication. Am J Med Genet A 2011; 155A: 3054-3059.
Piccione M, Niceta M, Antona V, Di Fiore A, Cariola F,
Gentile M, Corsello G. Identification of two new mutations in TRPS 1 gene leading to the tricho-rhino-phalangeal syndrome type I and III. Am J Med Genet A
2009 ;149A: 1837-1841.
OMIM Online Mendelian Inheritance in Man.
WWW.OMIM.ORG.
Cushion TD, Dobyns WB, Mullins JG, Stoodley N,
Chung SK, Fry AE, Hehr U, Gunny R, Aylsworth AS,
Prabhakar P, Uyanik G, Rankin J, Rees MI, Pilz DT.
Overlapping cortical malformations and mutations in
TUBB2B and TUBA1A. Brain. 2013; 136: 536-548.
Parrini E, Ferrari AR, Dorn T, Walsh CA, Guerrini R.
Bilateral frontoparietal polymicrogyria, LennoxGastaut syndrome, and GPR56 gene mutations.
Epilepsia. 2009; 50: 1344-53.
Sepulveda W, Platt CC, Fisk NM. Prenatal diagnosis of
cerebral arteriovenous malformation using color
Doppler ultrasonography: case report and review of
the literature. Ultrasound Obstet Gynecol 1995; 6: 282286.
Salerno S, Di Giovanna E, Morra A, Bonsignore G,
Piro E. High Resolution CT Angiography in Detection
of an Aneurysm of the Vein of Galen as a Source of
Intracranial Haemorrhage in a Newborn.
Neuroradiology Journal 2011; 24: 872-875.
Piro E, Piccione M, Marrone G, Giuffrè M, Corsello G.
Dyke-Davidoff-Masson syndrome: case report of fetal
unilateral ventriculomegaly and hypoplastic left middle
cerebral artery. Ital J Pediatr 2013; 14.
DOI:10.1186/1824-7288-39-32
Frawley GP, Dargaville PA, Mitchell PJ, Tress BM,
Loughnan P. Clinical course and medical management
of neonates with severe cardiac failure related to vein
of Galen malformation. Arch Dis Child Fetal Neonatal
2000; 87: F144-F149.

740
35)
36)

37)

E. Piro, A. Alongi et Al
Gressens P, Luton D. Fetal MRI: obstetrical and neurological perspectives. Pediatr Radiol 2004: 34: 682-684.
Chevret L, Durand P, Alvarez H, Lambert V, Caeymax
L, Rodesch G, Devictor D, Lasjaunias P. Severe cardiac
failure in newborns with VGAM. Prognosis significance of hemodynamic parameters in neonates presenting with severe heart failure owing to vein of Galen
arteriovenous malformation. Intensive Care Med.
2002; 8: 1126-1130.
Corsello G, Giuffrè M. Congenital Malformations. J
Matern Fetal Neonatal Med 2012; 25 (S1): 25-29.

________
Request reprints from:
ETTORE PIRO
Via A. Giordano, 3
90127 Palermo
(Italy)

