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Congenital hydrocephalus is a common and often disabling
disorder that represents approximately 50% of all forms of
hydrocephalus.1 Antenatal diagnosis of congenital hydro-
cephalus is made with an ultrasound finding of fetal ventri-
culomegaly that exceeds 10 mm at any gestational age.2

Syndromic congenital hydrocephalus is defined as hydro-
cephalus noted in conjunction with at least one other major
abnormality or three minor congenital anomalies.1 The most
frequent chromosomal abnormalities causing syndromic hy-
drocephalus are mosaic trisomy 9, trisomy 9p, trisomy 13,
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Abstract Background Congenital hydrocephalus is a common and often disabling disorder.
Various syndromic forms of hydrocephalus have been reported in the Palestinian
population including Walker–Warburg syndrome (WWS), Carpenter syndrome, and
Meckel syndrome.
Aim In this report we discuss the antenatal diagnosis of congenital hydrocephalus in
three related Palestinian families.
Method Single nucleotide polymorphism (SNP) array was performed prenatally for the
third affected fetus.
Results A diagnosis of WWS was found and molecular testing revealed a known
pathogenic mutation in the POMT2 gene. An affected fetus from the other family was
diagnosed and tested postnatally in light of this finding. Testing of another affected
stillborn offspring was performed and revealed the same mutation.
Conclusions Here, we show that the use of prenatal SNP array testing can be helpful in
elucidating the etiology of congenital hydrocephalus and in guiding appropriate
perinatal care. Also, testing for this specific POMT2 mutation should be considered
in cases of prenatally detected hydrocephalus in Palestinian families.
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trisomy 18, mosaic triploidy, and partial 6p terminal dele-
tion.1 X-linked congenital hydrocephalus is also seen such as
in L1CAM-related syndromes. However, autosomal recessive
single gene disorders, such as dystroglycanopathies, includ-
ing Walker–Warburg (WWS) syndrome remain the main
mode of inheritance for congenital hydrocephalus.1 The
associated features of syndromic congenital hydrocephalus
can help in identifying a particular genetic syndrome. This
can be difficult antenatally as many of the associated features
are unobservable on fetal ultrasound. Therefore, the prenatal
diagnosis of a specific syndromic congenital hydrocephalus is
a diagnostic dilemma particularly when conventional chro-
mosomal analysis is normal.

We report three cases with antenatal diagnoses of con-
genital hydrocephalus from related Palestinian families. The
couples were related via the male partners (two are brothers
and the third is their first cousin) and each mating was
consanguineous. The diagnosis was achieved prenatally in
one family and that was helpful in providing counselling for
the other families.

Case Series

Three pregnant womenwere seen in the fetal assessment unit
at a tertiary care hospital within the same year with antenatal
diagnosis of fetal hydrocephalus. Interestingly, the three
families were identified by their similar surnames upon their
visits to the unit.

Patient A
A 33 year-old G5P2 female patient presented at 11 weeks of
gestation to the genetics department with a history of
termination of pregnancy due to fetal hydrocephalus and a
suspected Dandy–Walker malformation. In the subsequent
pregnancy, amiscarriage at 16weeks gestation occurred and
the fetus had similar findings. She had not been assessed by
the genetics department during that pregnancy. The current
pregnancy was initially unremarkable. She denied any ma-
ternal illnesses or exposure to teratogens. At 13 weeks and
4 days of gestation the nuchal translucency was 2.2 mm and
there was evidence of a large subchorionic hemorrhage. A
repeat ultrasound at 16 weeks and 5 days of gestation
showed frontal bone scalloping. Her modified integrated
prenatal screen for aneuploidy (first trimester nuchal trans-
lucency and second trimester serum quadruple test) was
negative. At 19 weeks and 5 days of gestation, bilateral
ventriculomegaly and suspected cerebellar hypoplasia
were noted on fetal ultrasound. Themeasurements of lateral
ventricle dilatation were not provided. Karyotype by amni-
otic fluid was normal (46,XX). The family was counselled
that the hydrocephalus was most likely secondary to an
autosomal recessive disorder given the family history of
consanguinity; the two previously affected pregnancies;
and paternal aunt with similar presentation (►Fig. 1). The
couple opted for expectant management. The fetus was born
via cesarean delivery after the presentation of the other
cases.

Fig. 1 A family pedigree connected the three cases. SB, stillbirth; TOP, termination of pregnancy; IUFD, intrauterine fetal death.
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Patient B
A 24 year-old G1P0 female patient presented at 21 weeks of
gestation with fetal hydrocephalus on ultrasound. The lateral
ventricles were dilated up to 21 mm bilaterally. The patient
reported a 3-day history of bleeding earlier in the pregnancy;
otherwise, she denied any maternal illnesses or exposure to
teratogens. Maternal serum screening was negative. The
family history was significant for paternal uncles who died
during the neonatal period due to congenital hydrocephalus.
Amniocentesis was done for chromosomal analysis and DNA
banking. The karyotype was normal (46,XX). This couple also
opted for expectant management. A stillborn female was
delivered via elective cesarean delivery at gestational age of
37 weeks due to severe hydrocephalus and macrocephaly.
Autopsywas declined. The cesarean deliverywas complicated
by severe postpartum hemorrhage requiring ligation of the
uterine arteries.

Patient C
A 26 year-old G4P3 female patient presented at 28 weeks of
gestation with similar findings of fetal ventriculomegaly of
27 mm bilaterally, and suspected cerebellar hypoplasia on
ultrasound. The pregnancy history was unremarkable. Ma-
ternal serum screening was not done. Amniocentesis was
performed for chromosomal analysis, DNA banking, and
single nucleotide polymorphism (SNP) array. The karyotype
was normal (46,XX). The family decided to carry on with
pregnancy. As the pregnancy progressed, the fetus developed
worsening hydrocephalus and subsequent macrocephaly on
follow-up ultrasound scans. As the prognosis was expected to
be poor, the family opted for neonatal palliative care after
delivery. At 35 weeks and 6 days of gestation, the fetal head

circumference was above the 90th centile for gestational age.
Fetal cephalocentesis was performed to facilitate vaginal
delivery. The procedure was complicated by an intrauterine
fetal death 2 days later. A medical induction of labor was
initiated and a stillborn female infant was delivered vaginally
at gestational age of 36 weeks and 2 days. Right micro-
phthalmia was noted at the time of delivery. An autopsy
was declined.

Results

Prenatal SNP array results were eventually obtained. These
revealed multiple regions of homozygosity (ROH) (►Fig. 2).
Analysis of the ROH was done using Genomic oligoarray and
SNP array evaluation tool v2.0 (A tool developed in a collabo-
rative effort between the Center for Computational Science at
University of Miami, Coral Gables, Florida and the Section of
Genetics in the Department of Pediatrics at Oklahoma Uni-
versity Health Sciences Center, Oklahoma City, OK). It identi-
fied 5 ROH out of 11 regions where hydrocephalus-associated
genes were annotated (►Fig. 2). The genes within the indi-
cated regions that were suspicious to be the etiology of the
hydrocephalus included: LAMB1 (lissencephaly 5; online
Mendelian inheritance in man [OMIM] #615191), B3GNT1
(muscular dystrophy-dystroglycanopathy type A; OMIM
#615287), FLVCR2 (proliferative vasculopathy and hydranen-
cephaly–hydrocephaly syndrome; OMIM #225790), POMT2
(muscular dystrophy–dystroglycanopathy type A, B, and C;
OMIM #613150, 613156, and 613158, respectively), and
CCDC88C (nonsyndromic autosomal recessive hydrocepha-
lus; OMIM #236600). A review of the literature revealed that
WWS has been seen previously in Palestinian populations.3 A

Fig. 2 An idiogram showed the regions of homozygosity found in the infant of patient A (blue bars) and the fetus of patient C (orange bars). Red
square indicated the shared region of homozygosity (14q23.1-q24.3) that harbored POMT2 gene. �, regions that contained genes linked to
hydrocephalus.
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previously reported case of WWS in a consanguineous Pal-
estinian family was found to be associated with a POMT2
mutation (c.924–2 A > C).4 Given those reports and the SNP
array results, molecular testing was requested for this partic-
ular mutation in POMT2 gene from the banked DNA obtained
on the fetus of patient C.

While molecular testing result for patient C was pending,
patient A delivered a female infant at 42 weeks 2 days
gestation via cesarean delivery for fetal distress. Apgar scores
1 and 7 in 1 and 5 minutes, respectively. Birth weight was
3,620 g. The infant required nasal continuous positive airway
pressure. Dysmorphic features were noted including frontal
bossing, a depressed nasal bridge, and bilateral eye proptosis.
She had significant hypotonia axially and peripherally pre-
dominantly in the upper limbs. Deep tendon reflexes were
absent. A significantly elevated creatine kinase level was
found (5,600 U/L). Brain magnetic resonance imaging re-
vealed cobblestone lissencephaly with cerebellar hypoplasia
and hypoplastic brain stem in a “Z”-shaped configuration on
the sagittal plane (►Fig. 3). These findings were consistent
with a clinical diagnosis of WWS. The infant was placed on
palliative care and died a few days after discharge from the
neonatal intensive care unit. Postnatal SNP array on this
infant revealed 22 ROH, 6 of which had hydrocephalus-
associated genes (►Fig. 2). It was noted that one homozygous
region on chromosome 14 (20 Mb in size) was shared
between the infant of patient A and the fetus of patient C.
This region was found to harbor the POMT2 gene; therefore,
molecular testing was requested for this infant as well. The
results revealed that infant of patient A and the fetus of
patient C were homozygous for the previously described
Palestinian mutation (c.924–2 A > C). Molecular testing
was eventually performed on the fetus of patient B and as
expected it was positive for the same mutation (►Fig. 1).

Discussion

Prenatal SNP array in consanguineous families is a useful tool
in identifying anomalous fetuses at risk for ethnic-specific

autosomal recessive disorders.5–8 Briefly, SNP array is a
cytogenetic technique based on genomic comparativehybrid-
ization using commercially available platforms containing
SNPs probes. The test can detect unbalanced chromosomal
abnormalities with a higher resolution to reveal a submicro-
scopic copy number variation (gain or loss).9 It can identify
aneuploidy and triploidy.6 In addition, SNP array identifies
ROH that may indicate ancestral homozygosity, parental
consanguinity or uniparental disomy.8 There is no doubt in
its utility to direct the clinical diagnosis particularly in
prenatal setting after ultrasound detection of fetal abnormal-
ities.6,7,9 It is a relatively fast diagnostic test especially in
time-sensitive situations such as termination of pregnancy.
However, this test has limitations. It cannot detect balanced
chromosomal aberrations. Further, it cannot reveal the loca-
tion of the extrachromosomal material.9

For patient C, prenatal SNP array was a helpful tool in
achieving the diagnosis of WWS antenatally and in providing
appropriate counselling and obstetrical management. At the
time of presentation of patients A and B, the underlying
etiology of congenital hydrocephalus and its prognosis
were not initially apparent and the differential diagnosis
was extensive. We could not do prenatal SNP array on them
due to budget limitations. For that, it was difficult to counsel
these families with respect to the prognosis and options for
prenatal and postnatal management. It is possible that cesar-
ean delivery may have been avoided in these cases if the
diagnosis and prognosis had been ascertained before deliv-
ery. Also, the option of neonatal palliative care could have
been considered prenatally for the infant of patient A and
unnecessary neonatal resuscitation could have been avoided.

WWS is a genetically heterogeneous autosomal recessive
disorder. It is the most severe phenotype of dystroglycanopa-
thies.10 It is characterized by congenital muscular dystrophy,
cobblestone lissencephaly, and ocular malformations.11,12

There is a wide spectrum of ocular manifestations in WWS.
These include microphthalmia, anterior segment anomalies,
such as Peters anomaly, glaucoma and cataracts, optic nerve
coloboma or hypoplasia, and retinal dysplasia.13 A case of

Fig. 3 (a) Sagittal T1 showed severely hypoplastic pons and cerebellar hemispheres consistent with Walker–Warburg syndrome. (b) Axial T1
showed cobblestone lissencephaly of both the cerebral hemispheres.
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WWS was reported where retinal dysplasia and echogenic
lenses were detected prenatally in second trimester with
detailed ultrasound of fetal eyes.14 However, this was not
visualized in our cases to confirm the diagnosis of WWS
prenatally. Molecular confirmation of WWS in those consan-
guineous families is required to determine recurrence risk in
future pregnancies in addition to providing carrier tests to
relatives at risk. In genetically heterogeneous autosomal re-
cessive conditions, SNP array aids in the selection of candidate
geneswithin thehomozygous regions for sequence or targeted
mutation analysis.

Conclusion

The use of prenatal SNP array testing can be very helpful in
elucidating the etiology of autosomal recessive disorders
manifesting in utero. Prenatal diagnosis can then allow
appropriate patient counselling regarding prognosis as well
as obstetrical and neonatal care. Testing for this specific
POMT2 mutation (c.924–2 A > C) should be considered in
cases of prenatally detected hydrocephalus in affected fetuses
with parents of Palestinian descent.
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