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Abstract Fetal central nervous system defects are one of
the commonest antenatally detected abnormalities. They
consist of a wide array of lesions with heterogeneous eti-
ologies and outcomes. Counselling of the family in such
cases forms an integral part of management. However, this
can be challenging due to diagnostic and prognostic
uncertainties for many defects. Some lesions like anen-
cephaly, holoprosencephaly, and lissencephaly, have an
invariably poor outcome, and decision regarding pregnancy
termination is straightforward. On the other hand, lesions
like mild ventriculomegaly, isolated corpus callosum age-
nesis and posterior fossa lesions have a highly variable
outcome, ranging from normal to severe handicaps, hence
counseling for these is difficult. Detailed sonography by an
expert sonologist and fetal MRI can help in detection of
additional cerebral or extracerebral abnormalities, which
being associated with a poor prognosis, can help in accu-
rate counseling. An often-neglected aspect of counseling is
the possibility of recurrence in subsequent pregnancies, due
to an underlying genetic etiology in many of these defects.
This can be assessed by pedigree information, suitable ge-
netic testing and postmortem examination in case of
pregnancy termination. Diagnosis of the genetic abnor-
mality helps in accurate recurrence-risk prediction as well
as early and timely prenatal diagnosis in at-risk
pregnancies.
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Introduction

Abnormalities of the central nervous system (CNS) are one
of the commonest birth defects, found in 1-10 per 1000
live births and comprise of at least one third of prenatally
detected fetal malformations [1-5]. These defects have
direct implications for subsequent neurodevelopmental
outcome and are important to diagnose in a timely fashion
using appropriate imaging modalities. They may occur in
isolation or be associated with other anatomical abnor-
malities [6]. An important aspect of management of a
pregnancy complicated by a fetal CNS abnormality is
counseling of the family for facilitating informed decision
making [7]. The counseling in turn involves various aspects
related to diagnostic pitfalls, prognosis, available therapies,
and recurrence risks for subsequent conceptions. The
diverse types of lesions, heterogenous etiologies, diagnos-
tic, and prognostic uncertainties for many conditions and
association with genetic syndromes which may not be
apparent on imaging, make counseling challenging [8].
This review attempts to cover counseling aspects for some
common CNS lesions.

Counseling as Relevant to Individual Conditions
Neural Tube Defects
(a) Prognosis of the lesion per se: Anencephaly and

large encephaloceles are invariably associated with
extremely poor prognosis and postnatal lethality.
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Prognosis for spina bifida aperta is also guarded,
with mortality due to posterior fossa syndrome
(15-30%), hydrocephalous requiring shunt place-
ment (80%), motor and bowel/bladder disabilities
(50-70%) and intellectual disability (IQ < 80 in
30%) being associated [9]. Outcome for occult spinal
defects is favourable in absence of associated
abnormalities. Rarer defects like craniorachishis and
iniencephaly are invariably associated with poor
outcome.

Therapies available: Postnatal therapies are available
for spinal defects, involving operative closure of the
defect, placement of ventriculoperitoneal shunt in
case of hydrocephalous and supportive therapies.
However, residual morbidities remain and compli-
cations of operative procedures are common [9].
Prenatal surgical repair of the spinal defects have
recently gained prominence, with the MOMS trial
reporting significant benefit in terms of motor
abilities and reduction in shunt requirement for
cases undergoing prenatal repair. This option is
however available in limited centers across the world
and is feasible for few select cases [10].
Association with genetic syndromes and recurrence
risks: Majority of neural tube defects are sporadic
and multifactorial in etiology with empirical recur-
rence risk of 5%. Spinal defects may rarely occur as
part of spondylocostal dysostoses, which are auto-
somal recessive conditions. Encephaloceles are
associated with a large number of genetic syn-
dromes, primarily the ciliopathies and the dystro-
glycanopathies, with recurrence risk of 25%; hence,
careful search for additional findings is important.
Some rare families with monogenic inheritance of
neural tube defects consequent to VANGLI1 & 2,
SHROOM3, CELSRI1 mutations are also known.
1-6% cases may have a chromosomal abnormality
indicating the need for fetal karytotyping [9—13].
Diagnostic pitfalls: Second trimester ultrasound in
expert hands has high detection rate for neural tube
defects (92-95% sensitivity and almost 100% speci-
ficity). Rarely, occult defects may pose a diagnostic
dilemma, and fetal MRI may be considered [9].

Midline Defects

Holoprosencephaly

(a)

Prognosis of the lesion per se: Alobar, semilobar,
middle interhemispheric variants of holoprosen-
cepahly are associated with poor postnatal outcomes
with intellectual disability and seizures being seen in
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nearly all individuals. Additionally, there is 85%
neonatal mortality in alobar type. Lobar holopros-
encephaly has a variable phenotype and this uncer-
tainty needs to be communicated to the family. In
case of associated abnormalities, syndromic etiology
and poor prognosis is likely [13—15].

Therapies available: No corrective therapies are
available for these defects.

Association with genetic syndromes and recurrence
risks: Holoprosencephaly is associated with chro-
mosomal abnormalities in 25-45% cases, most
commonly trisomy 13, submicroscopic copy number
variants in 25% and single gene defects in 15-25%
cases involving SHH, SIX3, ZIC2, TGIF, and few
other genes with autosomal dominant inheritance.
Recurrence risk in subsequent pregnancies can vary
from 1% for chromosomal abnormalities to 50% for
the single-gene defect if one of the parents is also
carrying the same mutation. In view of incomplete
penetrance and variable expressivity of these muta-
tions, the parent may be clinically asymptomatic or
have mild symptoms. It is essential to examine them
for microforms of the disease, like presence of single
centre incisor, hypotelorism; as this would help in
providing accurate recurrence risk [13, 14].
Diagnostic pitfalls: The milder variants of holopros-
encephaly like the lobar and middle interhemispheric
variant may be missed on antenatal ultrasonography
or be mistaken for other entities with relatively better
outcome like corpus callosum agenesis or absent
septum pellucidum. It is essential to perform a
detailed neurosonography for anatomic delineation
and a fetal MRI in case of diagnostic dilemma [15].

Corpus Callosum Agenesis

(a)

(b)
(©)

Prognosis of lesion per se: Corpus callosum agenesis
may occur as an isolated defect or with cerebral and
extracerebral abnormalities. Isolated agenesis is
associated with normal neurodevelopmental out-
come in 70-75% cases, whereas presence of asso-
ciated findings indicates a poor prognosis [8, 16].
Therapies available: None.

Association with genetic syndromes and recurrence
risks: Overall 12-33% cases of prenatally detected
corpus callosum agenesis are of syndromic etiology,
with 18% incidence of chromosomal abnormalities,
9% of submicroscopic copy number abnormalities
and at least 160 single gene disorders reported to be
associated. The recurrence risk may be up to 25% for
the single gene defects as per the inheritance pattern
[16-18].
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Diagnostic pitfalls: The most challenging aspect of
diagnosis of corpus callosum agensis is to assess
whether it is an isolated finding or associated with
other abnormalities. Additional cerebral findings can
be found on neurosonography in 46% cases, in an
additional 22% on prenatal MRI and in a further
15% apparently isolated cases on postnatal MRI. A
false positive diagnosis has been reported in 0-20%
cases in various reports. Hence, fetal MRI forms an
important modality for accurate diagnosis and
counseling for this defect [8, 16].

Absent Septum Pellucidum

(a)

(b)
(©)

(d)

Prognosis of the lesion perse: Isolated absence of
septum pellucidum is associated with good outcome.
However, in up to 18% cases it is associated with
septo-optic dysplasia which has poor postnatal out-
come, with visual deficits and hypopituitarism being
present in varying degrees [8].

Therapies available: None.

Association with genetic syndromes and recurrence
risks: Most cases are sporadic with low recurrence
risk. However, septo-optic dysplasia can be associ-
ated with mutation in SHH, SIX3, and HESX genes,
with recurrence risks up to 25% [8, 19].

Diagnostic pitfalls: False negatives are high for
septo-optic dysplasia as pituitary and optic tract
abnormalities are difficult to diagnose by ultrasonog-
raphy or MRI [8].

Disorders of Cortical Development

Lissencephaly

(a)

(b)
()

Prognosis of the lesion per se: Lissencephaly is
invariably associated with poor postnatal outcome,
with severe intellectual disability and seizures in
affected individuals [20-22].

Therapies available: None.

Association with genetic syndromes and recurrence
risks: Classic or type I lissencephaly is most
commonly caused by heterozygous LIS1 mutations
or deletions of 17p13.3 region containing the LIS1
gene, the latter also known as Miller Dieker
syndrome. These occur de novo in majority and
recurrence risk in subsequent pregnancies is negli-
gible. Other type 1 lissencephalies can be caused by
mutations in ARX, DCX genes, both being X linked
with up to 50% risk of recurrence in male offsprings;
and in combination with ceberellar hypoplasia by
TUBA1 and RELN mutations. Type II lissencephaly

(d)

or Cobblestone lissencephaly belongs to the Dystro-
glycanopathy group of disorders, which are autoso-
mal recessive with 25% recurrence risk in
subsequent pregnancies [21, 22].

Diagnostic pitfalls: The diagnostic findings of
lissencephaly are not apparent early in gestation, as
the cerebral sulcation gyration becomes apparent
from 18 weeks onwards and continues till third
trimester. Hence, an imaging based diagnosis of this
defect is usually possible in only later half of
pregnancy. This further reiterates the importance of a
molecular diagnosis in the index case, as this enables
first trimester prenatal diagnosis in subsequent
pregnancies by invasive fetal sampling. Also, subtle
migration abnormalities may not be apparent on
ultrasonography and need an MRI based imaging at
28-30 weeks for detection [20, 23].

Microcephaly

(a)

(b)

(c)

(d)

Prognosis of the lesion perse: the overall risk of
abnormal neurodevelopmental outcome with head
circumference (HC) between —2 and —3SD is 10%.
If isolated microcephaly is confirmed, the outcome is
reported to be similar to normal head sized fetuses,
but behavioural problems may occur. With HC
between —3 and —3.99SD, 51% have neurodevel-
opmental handicap, whereas 100% of fetuses with
HC < —4SD have an abnormal outcome. If associ-
ated findings in the form of cerebral or extracerebral
abnormalities exist, the prognosis is poor [24-26].
Therapies available: None for established micro-
cephaly. However preventive measures like control
of maternal phenylketonuria, withholding terato-
genic pharmacological agents and rubella vaccina-
tion can prevent recurrences in specific cases.
Association with genetic syndromes and recurrence
risks: Microcephaly is one of the presenting feature
of many genetic syndromes, including chromosomal
disorders, copy number abnormalities and single
gene diseases, most of which present with additional
anatomical findings. The recurrence risk can vary
from 1 to 25% as per the underlying condition. Also,
microcephaly is a common finding in presence of
other CNS abnormalities like holoprosencephaly,
lissencephaly and posterior fossa defects. In addi-
tion, at least 12 different genes can cause isolated
microcephaly with mild to moderate intellectual
disability postnatally and 25% recurrence risk in
subsequent conceptions [26, 27].

Diagnostic pitfalls: Microcephaly usually becomes
apparent late in second trimester. In cases with HC
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between —2 and —3SD, serial measurements may  Dandy—Walker Malformation
be necessary for the diagnosis. Subtle neuronal
migrational abnormalities in an apparently isolated (a) Prognosis of the lesion per se: Isolated Dandy—
microcephaly, associated with worse postnatal Walker malformation is associated with abnormal
prognosis, are not usually detected on ultrasonog- neurodevelopmental outcome in 50-60% cases.
raphy and a fetal MRI is needed for the same. Associated findings indicate a poor prognosis [8, 30].
Hence, if an index case is available, genetic testing (b) Therapies: None available. Associated ventricu-
and identification of causative mutation is recom- lomegaly may be relieved partly by postnatal shunt
mended to facilitate first trimester prenatal diag- placement if symptomatic.
nosis in subsequent pregnancies by invasive fetal (c) Association with genetic syndromes and recurrence
sampling [24, 25]. risks: 16-50% cases show chromosomal abnormal-
ities, approximately 30% copy number abnormalities
Megalencephaly and few cases may occur as part of single gene

(a) Prognosis of the lesion per se: Most macrocephalies
are benign, familial macrocephaly with autosomal
dominant inheritance. Hence if a parent with
macrocephaly is present, the prognosis is likely to be
good. Isolated HC 2-3SD above mean is also likely
benign with normal neuropsychological outcome
except for behavioural problems. HC above 3SD
usually indicates an underlying genetic syndrome
and is associated with poor outcome. Presence of
additional cerebral or extracerebral abnormalities
invariably indicates poor prognosis [28, 29].

(b) Therapies available: None.

(c) Association with genetic syndromes and recurrence
risks: Benign familial macrocephaly with an affected
parent has 50% recurrence risk, but is of no clinical
significance. Most genetic syndromes presenting
with megalencephaly are due to de novo heterozy-
gous mutations and have negligible recurrence risk
[29].

(d) Diagnostic pitfalls: Migrational abnormalities which
may coexist with an apparently isolated macro-
cephaly, and indicate a poor prognosis, are difficult
to diagnose on ultrasonography and MRI findings
may be apparent late in pregnancy [23].

Other cortical development defects

Polymicrogyria: Usually not detected on ultrasonography
and is diagnosed on MRI. Prognosis is likely to be poor,
and recurrence risk up to 25% in some cases. Schizen-
cephaly has a variable prognosis and low recurrence risks
[23].

Posterior Fossa Defects
The major diagnostic challenge in this group of disorders is

the difficulty in distinguishing the individual lesions, each
of them being associated with different outcomes.

@ Springer

disorders like Walker—Warburg syndrome and
Meckel-Gruber syndrome. Recurrence risks can
vary from 1% for chromosomal etiologies to 25%
for the single gene defects [8, 18, 30-32].

Inferior Vermis Hypoplasia

(a) Prognosis of the lesion per se: Isolated vermis
hypoplasia has been reported to be associated with
abnormal neurodevelopmental outcome in 0-30%
cases as per different studies. Presence of associated
findings indicate poor prognosis [30, 31].

(b)  Association with genetic syndromes: Besides being
associated with chromosomal disorders, vermis
hypoplasia is a feature of Joubert syndrome, an
autosomal recessive disorder with poor outcome.
Recurrence risk in these cases is 25% [30, 31].

Blake’s Pouch Cyst

(a) Prognosis of the lesion per se: This is a normal
variant which usually regresses later in gestation and
is associated with a good postnatal outcome [8, 30].

Mega Cisterna Magna

a) Prognosis of the lesion per se: If isolated, a normal
neurodevelopmental outcome is expected in 90-100%
cases. Presence of other abnormalities indicate poor
prognosis [8, 30].

b) Association with genetic syndromes and recurrence
risks: 0-62% cases of mega cistern magna are
reported to be associated with chromosomal abnor-
malities or other malformations indicating a syn-
dromic etiology [8, 31].

Diagnostic pitfalls for posterior fossa lesions: Antenatal
sonography may not always delineate the exact lesion and
fetal MRI is often needed for adjunct imaging [33].
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However, MRI and USG findings may not always be
concordant for these defects. Also, in many studies, post-
mortem findings have often revealed normal morphology,
these most likely representing a Blake’s pouch cyst which
is a normal variant or gestation dependent finding like
vermis hypoplasia. These issues make counseling for these
lesions challenging [8, 30].

Ventriculomegaly

(a) Prognosis of the lesion per se: Ventriculomegaly
may be an isolated finding or associated with other
cerebral or extracerebral abnormalities. The prog-
nosis is poor in the latter situation. Prognosis for
isolated ventriculomegaly depends on the degree
primarily, although few studies have also reported
difference in outcome depending upon unilateral vs
bilateral lesion and underlying etiology. Severe
ventriculomegaly (>15 mm lateral ventricle atrium
diameter) has associated abnormalities in at least
46% cases, an additional 25% being detected on
postnatal MRI. Abnormal neurodevelopmental out-
come is likely in 70-90% cases if isolated and >90%
cases with associated abnormalities. Majority pro-
gress in utero and a 20% neonatal mortality is likely.
Mild ventriculomegaly (10-15 mm) is likely to
resolve in 35% cases during pregnancy and 45%
cases postnatally. It is associated with other findings
in 13-30% cases, which indicate poor prognosis.
Isolated mild ventriculomegaly is associated with
abnormal neurodevelopmental outcome in 4-11%
cases [34-38].

(b) Therapies: Postnatal shunt procedure for hydro-
cephalous is associated with favourable outcome in
up to 40-60% individuals, though an overall mor-
tality rate of 20-40% exists [39, 40]. Prenatal
therapies like ventriculoamniotic shunting and
cephalocentesis have been largely abandoned due
to poor results, though recently there has been
interest in revival of this approach for ventricu-
lomegaly secondary to aqueductal stenosis [41].

(c) Association with genetic syndromes and recurrence
risks: There are 3-10% cases of ventriculomegaly
associated with chromosomal abnormalities and
12.5% cases have copy number abnormalities
[32, 34, 35, 37]. Also, 107 OMIM genes are known
to present with ventriculomegaly. Recurrence risks
can range from 1% for chromosomal etiologies to
25% for recessive single gene defects.

(d) Diagnostic pitfalls: The presence of associated
findings, which determine the prognosis, may not
be detectable on ultrasonography and MRI findings
may also become apparent late in pregnancy.

Miscellaneous

Various other CNS lesions may be seen occasionally like
arachnoid cysts, vein of Galen aneurysm, disruptive lesions
like hydranencephaly and others secondary to infections,
hemorrhage. In most such cases, the prognosis depends on
the extent of the lesion and the degree of parenchymal loss.
Recurrence is unlikely due to primary acquired etiological
bases [8].

Role of Pedigree Drawing

A three generation family history is important to look for
segregation of a genetic disease in the family, which could
explain the ultrasound findings. In a fetus with holoprosen-
cephaly, one of the apparently healthy parent may have a
milder manifestation or microform of the disease indicating
autosomal dominant inheritance; in case of megalencephaly,
a parent may have a large head indicating benign familial
macrocephaly or a previous offspring may have similar or
overlapping phenotype indicating autosomal recessive
inheritance. These findings may help in arriving at a specific
genetic diagnosis, which would facilitate more accurate
prognostication as well as recurrence-risk estimation [7, 8].

Role of Genetic Testing and New Technologies

There is a significant contribution of genetic etiologies to
CNS abnormalities, including chromosomal disorders
(numerical and structural), submicroscopic copy number
abnormalities (microdeletions and microduplications) and
single gene defects (syndromic and nonsyndromic). The
presence of an underlying genetic etiology is associated
with a poor postnatal outcome, as most of these conditions
present with intellectual handicap and various other co-
morbidities which may not be detected on antenatal
imaging. Hence, genetic testing of the fetus is an important
modality which can help in predicting postnatal course and
aid in accurate counseling of the family. Additionally, the
testing helps in estimating exact recurrence risk for sub-
sequent conceptions and enables early and definitive pre-
natal diagnosis by chorionic villus sampling at
11-12 weeks in at risk pregnancies [6, 7].

The testing traditionally involved fetal karyotyping,
which detects numerical and structural abnormalities in
chromosomes and has a yield varying from 1 to 6% for
neural tube defects to up to 50% for defects like holo-
prosencephaly and Dandy—Walker malformation. How-
ever, karyotyping is limited in its resolution and cannot
detect submicroscopic copy number abnormalities and
single gene defects. Chromosomal microarray is a
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Table 1 Genetic abnormalities and additional findings associated with specific CNS defects

Chromosomal Copy number Single Positive Additional abnormalities ~Additional findings
abnormalities on abnormalities on gene TORCH on antenatal USG/MRI on Postnatal MRI
karyotype CMA defects* profile
Ventriculomegaly  3-9% 12.5% 107 Yes- 8% 13-60% 5-25%
known one study  {0_20% on MRI
Microcephaly 23% in one study Isolated case 393 Yes 65-83% NA
reports known
20% in
one
study
Megalencephaly 1% in one study Isolated case 126 NR 16% in one study NA
reports known
Holoprosencephaly 25-45% 25% 54 known NR 66-100% NA
15-25%
Lissencephaly 45-60% in MDS 100% in MDS 58 known  Yes 30-87% NA
phenotype
Dandy—Walker 16-50% 30% >1000 Yes 25-66% 18%
malformation known 14% on MRI
Neural tube defect 1-6% Nil in one study 100 NR 10-26% NA
known
Corpus callosum 18% 9% 160 Yes 46-68% 15%
agenesis known 229% on MRI

CNS central nervous system; CMA chromosomal microarray; TORCH profile serum antibody profile for toxoplasma, others, rubella, cytome-
galovirus, herpes; MRI magnetic resonance imaging; NA information not available; NR information not relevant; MDS Miller—Dieker syndrome

* For many of single gene defects, exact proportion of contribution towards the CNS defect is not known

technology which enables a genome wide detection of
submicroscopic copy number abnormalities, which may
involve deletion or duplication of small parts of a chro-
mosome. Microarray in cases with CNS abnormalities has
a diagnostic yield beyond karyotype of 4.2-8.2% with this
being as high as 7.5-10% in case of multiple abnormalities.
The ACOG recommends microarray to be used as the first
tier test in case of fetal structural malformations, as this
detects microscopic as well as submicroscopic chromoso-
mal abnormalities [42].

Additionally, single-gene defects contribute to a signifi-
cant proportion of CNS abnormalities, this being prominent
for malformations like encephaloceles, holoprosencephaly,
lissencephaly, and other cortical development defects. The
detection of the causative mutation in this setting has
important implications for subsequent pregnancies as
recurrence risks can vary from 25 to 50%. A major limitation
for this has been the genetic heterogeneity of these condi-
tions, whereby multiple genes can lead to the same mal-
formation, and the mutations within a single gene also differ
between families. A novel technology, next generation
sequencing has the potential to look at mutations in all the
different genes in a single experiment, hence providing the
molecular diagnosis in such cases. Recent case series have
indicated that this approach can be used in pregnancies with
fetal abnormalities, with a diagnostic yield of 20-30% [43].

@ Springer

Hence, a composite approach of chromosomal microarray
followed by next generation sequencing based testing is
likely to identify underlying genetic etiologies in fetuses
with CNS defects, and help in subsequent informed man-
agement of index as well as subsequent pregnancies.

Role of Fetal MRI

Many CNS defects particularly the migrational abnormali-
ties, midline defects and posterior fossa lesions are benefited
by an MRI based imaging for identification and exact ana-
tomic delineation. Literature review also indicates that MRI
provides important additional information in 5-20% cases
with CNS malformations, and can change management in up
to 30%. Although, there are no recommendations regarding
when to supplement neurosonography with MRI, it forms an
important adjunct for accurate prognostication and man-
agement; and should be used if available [44, 45].

Role of Postnatal Evaluation
In the event of pregnancy termination, a postnatal evalua-

tion is essential for identification of dysmorphic findings
and other malformations which help in establishing
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Fig. 1 An algorithm of R

approach towards workup and Detection of a CNS defect

counseling for CNS defects.

CNS central nervous system, Lesions with Lesions with Lesions with

CMA chromosomal microarray, poor prognosis variable prognosis good prognosis
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Microcephaly Familial macrocephaly

Pedigree drawing for segregation pattern
Pregnancy and medical history for acquired factors

Detailed ultrasonography for extra-cerebral abnormalities

Fetal MRI to look for additional cerebral abnormalities

| I

Additional abnormalities- Poor prognosis

¥ |

Amniocentesis/Placental biopsy- Karyotype, CMA,
NGS based testing or targeted testing if specific
syndrome apparent , Maternal TORCH profile in some

Specific genetic etiology identified- Poor prognosis
No genetic defect identified- Prognosis as per lesion

Postmortem/Postnatal evaluation

Accurate RR

Specific diagnosis on testing or
postmortem/postnatal evaluation

prediction
PND by CVS

next pregnancy

DNA banking- Whole exome sequencing/Whole genome sequencing

for unidentified cases

syndromic etiologies. Various studies have indicated that
an autopsy helps in detecting additional findings and
changes the antenatal diagnosis in 20-50% cases [46, 47].
A detailed gross and histopathologic evaluation of the brain
helps in identification of the exact extent, type of lesion as
well as provide clue to underlying etiology. An autopsy
forms an integral component of arriving at the final diag-
nosis, and the family should be counselled and encouraged
for the same in the antenatal period. For families deciding
to continue pregnancy, postnatal assessment and serial
follow up for neurodevelopmental outcome of the child
also aids in arriving at the etiological diagnosis. This fur-
ther facilitates recurrence risk prediction and prenatal
diagnosis in subsequent pregnancies.

Summary and Conclusion

Antenatal detection of a fetal CNS defect is often followed
by hasty decisions regarding pregnancy termination in
view of an anticipated poor postnatal outcome. However,
given the wide array of lesions with different prognosis,
diagnostic pitfalls and uncertainties, counseling for these
pregnancies is important for appropriate management and
should precede decision making. In many cases, genetic
defects are causative, and recurrence is likely. Table 1
provides a summary of additional findings and genetic
defects in individual lesions. Counseling can be facilitated
by providing estimates based on this information and rel-
evant genetic testing can be offered to the family. An
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algorithm is depicted in Fig. 1 outlining the diagnostic and
counseling approach.

Counseling for fetal CNS defects can be complicated by

various factors and remains challenging despite advances
in imaging and genetic technologies. A comprehensive
approach involving detailed neuroimaging, genetic testing,
and consultation with a geneticist helps this process and
allows for enhanced care of index as well as subsequent
pregnancies.

References

11.

. Dolk H, Loane M, Garne E. The prevalence of congenital

anomalies in Europe. Adv Exp Med Biol. 2010;686:349-64.

. Oztarhan K, Gedikbasi A, Yildirim D, Arslan O, Adal E,

Kavuncuoglu S, Ozbek S, Ceylan Y. Prevalence and distribution
of congenital abnormalities in Turkey: differences between the
prenatal and postnatal periods. Congenit Anom (Kyoto).
2010;50(4):221-5.

. De Noronha L, Medeiros F, Martins VD, Sampaio GA, Serapiao

MJ, Kastin G, Torres LF. Malformations of the central nervous
system: analysis of 157 pediatric autopsies. Arq Neuropsiquiatr.
2000;58(3B):890-6.

. Molina-Giraldo S, Alfonso-Ospina L, Parra-Meza C, Lancheros-

Garcia EA, Rojas-Arias JL, Acuiia-Osorio E. Prevalence in birth
defects diagnosed by ultrasound: three years experience in uni-
versity maternal fetal medicine unit. Ginecol Obstet Mex.
2015;83(11):680-9.

. Garne E, Loane M, Dolk H, De Vigan C, Scarano G, Tucker D,

Stoll C, Gener B, Pierini A, Nelen V, Rosch C, Gillerot Y, Feijoo
M, Tincheva R, Queisser-Luft A, Addor MC, Mosquera C, Gatt
M, Barisic 1. Prenatal diagnosis of severe structural congenital
malformations in Europe. Ultrasound Obstet Gynecol.
2005;25(1):6-11.

. Jeng LB, Tarvin R, Robin NH. Genetic advances in central ner-

vous system malformations in the fetus and neonate. Semin
Pediatr Neurol. 2001;8(2):89-99.

. Gagnon A, Wilson RD, Allen VM, Audibert F, Blight C, Brock

JA, Désilets VA, Johnson JA, Langlois S, Murphy-Kaulbeck L,
Wyatt P, Society of Obstetricians and Gynaecologists of Canada.
Evaluation of prenatally diagnosed structural congenital anoma-
lies. J Obstet Gynaecol Can. 2009;31(9):875-81.

. Garel C, Moutard ML. Main congenital cerebral anomalies: how

prenatal imaging aids Fetal

2014;35(4):229-39.

counselling. Diagn Ther.

. Thompson DNP. Postnatal management and outcome for neural

tube defects including spina bifida and encephalocoeles. Prenat
Diagn. 2009;29:412-9.

. SOGC Genetics Committee, Wilson RD, Audibert F, Brock JA,

Campagnolo C, Carroll J, Cartier L, Chitayat D, Gagnon A,
Johnson JA, Langlois S, MacDonald WK, Murphy-Kaulbeck L,
Okun N, Pastuck M, Popa V, Society of Obstetricians and
Gynaecologists of Canada. Prenatal screening, diagnosis, and
pregnancy management of fetal neural tube defects. J Obstet
Gynaecol Can. 2014;36(10):927—42 Special contributors.
Adzick NS, Thom EA, Spong CY, Brock JW 3rd, Burrows PK,
Johnson MP, Howell LJ, Farrell JA, Dabrowiak ME, Sutton
LN, Gupta N, Tulipan NB, D’Alton ME, Farmer DL, MOMS
Investigators. A randomized trial of prenatal versus postnatal
repair of myelomeningocele. N Engl J Med. 2011;364(11):
993-1004.

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Yazici LE, Malatyalioglu E, Sakinci M, Tosun M, Bildircin FD,
Ogur G, Karayel M. Chromosomal anomalies and additional
sonographic findings in fetuses with open neural tube defects.
Arch Gynecol Obstet. 2012;286(6):1393-8.

Kanit H, Ozkan AA, Oner SR, Ispahi C, Endrikat JS, Ertan K.
Chromosomal abnormalities in fetuses with ultrasonographically
detected  neural  tube  defects. Clin  Dysmorphol.
2011;20(4):190-3.

Mercier S, Dubourg C, Belleguic M, Pasquier L, Loget P, Lucas
J, Bendavid C, Odent S. Genetic counselling and “molecular”
prenatal diagnosis of holoprosencephaly (HPE). Am J Med Genet
C Semin Med Genet. 2010;154C(1):191-6.

Winter TC, Kennedy AM, Woodward PJ. Holoprosencephaly: a
survey of the entity, with embryology and fetal Imaging.
Radiographics. 2015;35(1):275-90.

Santo S, D’Antonio F, Homfray T, Rich P, Pilu G, Bhide A,
Thilaganathan B, Papageorghiou AT. Counselling in fetal medi-
cine: agenesis of the corpus callosum. Ultrasound Obstet Gyne-
col. 2012;40(5):513-21.

Schell-Apacik CC, Wagner K, Bihler M, et al. Agenesis and
dysgenesis of the corpus callosum: clinical, genetic and neu-
roimaging findings in a series of 41 patients. Am J Med Genet
Part A. 2008;146A(19):2501-11.

Schumann M, Hofmann A, Krutzke SK, Hilger AC, Marsch F,
Stienen D, Gembruch U, Ludwig M, Merz WM, Reutter H.
Array-based molecular karyotyping in fetuses with isolated brain
malformations identifies disease-causing CNVs. J Neurodev
Disord. 2016;15(8):11.

McCabe MJ, Alatzoglou KS, Dattani MT. Septo-optic dysplasia
and other midline defects: the role of transcription factors:
HESX1 and beyond. Best Pract Res Clin Endocrinol Metab.
2011;25(1):115-24.

Ghai S, Fong KW, Toi A, Chitayat D, Pantazi S, Blaser S. Pre-
natal US and MR imaging findings of lissencephaly: review of
fetal cerebral sulcal development. Radiographics.
2006;26(2):389-405.

Fry AE, Cushion TD, Pilz DT. The genetics of lissencephaly. Am
J Med Genet C Semin Med Genet. 2014;166C(2):198-210.
Chen CP, Chang TY, Guo WY, Wu PC, Wang LK, Chern SR,
Wu PS, Su JW, Chen YT, Chen LF, Wang W. Chromosome
17p13.3 deletion syndrome: aCGH characterization, prenatal
findings and diagnosis, and literature review. Gene.
2013;532(1):152-9.

Senapati G, Levine D. Prenatal-postnatal correlations of brain
abnormalities: how lesions and diagnoses change over time.
J Pediatr Neuroradiol. 2012;1(3):171-84.

Guibaud L, Lacalm A. Diagnostic imaging tools to elucidate
decreased cephalic biometry and fetal microcephaly: a systematic
analysis of the central nervous system. Ultrasound Obstet
Gynecol. 2016;48(1):16-25.

Stoler-Poria S, Lev D, Schweiger A, Lerman-Sagie T, Malinger
G. Developmental outcome of isolated fetal microcephaly.
Ultrasound Obstet Gynecol. 2010;36(2):154-8.

den Hollander NS, Wessels MW, Los FJ, Ursem NT, Niermeijer
MF, Wladimiroff JW. Congenital microcephaly detected by
prenatal ultrasound: genetic aspects and clinical significance.
Ultrasound Obstet Gynecol. 2000;15(4):282-7.

Faheem M, Naseer MI, Rasool M, Chaudhary AG, Kumosani TA,
Ilyas AM, Pushparaj P, Ahmed F, Algahtani HA, Al-Qahtani
MH, Saleh Jamal H. Molecular genetics of human primary
microcephaly: an overview. BMC Med Genomics. 2015;8(Suppl
1):54.

Biran-Gol Y, Malinger G, Cohen H, Davidovitch M, Lev D,
Lerman-Sagie T, Schweiger A. Developmental outcome of iso-
lated fetal macrocephaly. Ultrasound Obstet Gynecol.
2010;36(2):147-53.



J. Fetal Med. (June 2017) 4:65-73

73

29.

31.

32.

33.

34.

35.

36.

37.

Malinger G, Lev D, Ben-Sira L, Hoffmann C, Herrera M, Vifals
F, Vinkler H, Ginath S, Biran-Gol Y, Kidron D, Lerman-Sagie T.
Can syndromic macrocephaly be diagnosed in utero? Ultrasound
Obstet Gynecol. 2011;37(1):72-81.

. D’Antonio F, Khalil A, Garel C, Pilu G, Rizzo G, Lerman-Sagie

T, Bhide A, Thilaganathan B, Manzoli L, Papageorghiou AT.
Systematic review and meta-analysis of isolated posterior fossa
malformations on prenatal imaging (part 2): neurodevelopmental
outcome. Ultrasound Obstet Gynecol. 2016;48(1):28-37.
D’Antonio F, Khalil A, Garel C, Pilu G, Rizzo G, Lerman-Sagie
T, Bhide A, Thilaganathan B, Manzoli L, Papageorghiou AT.
Systematic review and meta-analysis of isolated posterior fossa
malformations on prenatal ultrasound imaging (part 1): nomen-
clature, diagnostic accuracy and associated anomalies. Ultra-
sound Obstet Gynecol. 2016;47(6):690-7.

Sun L, Wu Q, Jiang SW, Yan Y, Wang X, Zhang J, Liu Y, Yao L,
Ma Y, Wang L. Prenatal diagnosis of central nervous system
anomalies by high-resolution chromosomal microarray analysis.
Biomed Res Int. 2015;2015:426379.

Praveen TLN, Surekha P. Demystifying posterior cranial fossa
lesions in the fetus. J Fetal Med. 2016;3(2):63-9.

Hannon T, Tennant PW, Rankin J, Robson SC. Epidemiology,
natural history, progression, and postnatal outcome of severe fetal
ventriculomegaly. Obstet Gynecol. 2012;120(6):1345-53.
Weichert J, Hartge D, Krapp M, Germer U, Gembruch U, Axt-
Fliedner R. Prevalence, characteristics and perinatal outcome of
fetal ventriculomegaly in 29,000 pregnancies followed at a single
institution. Fetal Diagn Ther. 2010;27(3):142-8.

Pagani G, Thilaganathan B, Prefumo F. Neurodevelopmental
outcome in isolated mild fetal ventriculomegaly: systematic
review and meta-analysis. Ultrasound Obstet Gynecol.
2014;44(3):254-60.

Sethna F, Tennant PW, Rankin J, Robson SC. Prevalence, natural
history, and clinical outcome of mild to moderate ventricu-
lomegaly. Obstet Gynecol. 2011;117(4):867-76.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Chu N, Zhang Y, Yan Y, Ren Y, Wang L, Zhang B. Fetal ven-
triculomegaly: pregnancy outcomes and follow-ups in ten years.
Biosci Trends. 2016;10:125-32.

Yamasaki M, Nonaka M, Bamba Y, Teramoto C, Ban C, Pooh
RK. Diagnosis, treatment, and long-term outcomes of fetal
hydrocephalus. Semin Fetal Neonatal Med. 2012;17(6):330-5.
Paulsen AH, Lundar T, Lindegaard KF. Twenty-year outcome in
young adults with childhood hydrocephalus: assessment of sur-
gical outcome, work participation, and health-related quality of
life. J Neurosurg Pediatr. 2010;6(6):527-35.

Emery SP, Greene S, Hogge WA. Fetal therapy for isolated
aqueductal stenosis. Fetal Diagn Ther. 2015;38:81-5.

de Wit MC, Srebniak MI, Govaerts LC, Van Opstal D, Galjaard
RJ, Go AT. Additional value of prenatal genomic array testing in
fetuses with isolated structural ultrasound abnormalities and a
normal karyotype: a systematic review of the literature. Ultra-
sound Obstet Gynecol. 2014;43(2):139—-46.

Drury S, Williams H, Trump N, et al. Exome sequencing for
prenatal diagnosis of fetuses with sonographic abnormalities.
Prenat Diagn. 2015;35(10):1010-7.

Rossi AC, Prefumo F. Additional value of fetal magnetic reso-
nance imaging in the prenatal diagnosis of central nervous system
anomalies: a systematic review of the literature. Ultrasound
Obstet Gynecol. 2014;44(4):388-93.

Paladini D. Additional value of fetal magnetic resonance imaging
in the prenatal diagnosis of central nervous system anomalies: a
systematic review of the literature and related correspondence. A
plea to assess oranges only. Ultrasound Obstet Gynecol.
2015;45(5):625-6.

Rodriguez MA, Prats P, Rodriguez I, et al. Concordance between
prenatal ultrasound and autopsy findings in a tertiary center.
Prenat Diagn. 2014;34(8):784-9.

Onkar D, Onkar P, Mitra K. Evaluation of fetal central nervous
system anomalies by ultrasound and its anatomical co-relation.
J Clin Diagn Res. 2014;8(6):AC05-7.

@ Springer



	Counseling for Fetal Central Nervous System Defects
	Abstract
	Introduction
	Counseling as Relevant to Individual Conditions
	Neural Tube Defects
	Midline Defects
	Holoprosencephaly
	Corpus Callosum Agenesis
	Absent Septum Pellucidum

	Disorders of Cortical Development
	Lissencephaly
	Microcephaly
	Megalencephaly
	Other cortical development defects

	Posterior Fossa Defects
	Dandy--Walker Malformation
	Inferior Vermis Hypoplasia
	Blake’s Pouch Cyst
	Mega Cisterna Magna

	Ventriculomegaly
	Miscellaneous

	Role of Pedigree Drawing
	Role of Genetic Testing and New Technologies
	Role of Fetal MRI
	Role of Postnatal Evaluation
	Summary and Conclusion
	References




