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Abstract

We identified two female siblings, derived from healthy first cousin parents, with congenital
unilateral cerebral ventriculomegaly detected prenatally. Patient 1 underwent ventriculoperitoneal
shunt operation at 1 week old, while Patient 2 was followed without surgical intervention. Both
patients presented with mild developmental delay and hemiparesis contralateral to the involved
hemisphere. Focal seizures were observed in Patient 1, whose neuroimaging revealed posterior
insular polymicrogyria in the normal sized ventricle hemisphere and retrocerebellar cyst. Both
siblings displayed near absence of white matter with marked thinning of the overlying cortex in
the affected hemisphere and very thin corpus callosum. Investigations revealed no other system
involvement and karyotyping was normal. Normal TORCH screening in subsequent pregnancies,
normal parental coagulation profile and undetectable maternal autoantibodies suggested against
the possible role of extrinsic factors as an etiological factor for unilateral ventriculomegaly.
Parents had normal brain imaging findings. We suggest delineation of a distinct developmental
brain defect, most likely of autosomal recessive inheritance.
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INTRODUCTION

Cerebral ventriculomegaly is one of the common anomalies recognized prenatally. Unilateral
ventriculomegaly occurs much less frequently than bilateral form of disease. It is often
referred to occlusion of the foramen of Monro due to congenital anomaly or inflammation
leading to scarring [Oi and Matsumoto, 1985; Gaston and Jones, 1989; Sherer et al., 1995].
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Several authors suggested using the term ventriculomegaly in preference to hydrocephalus,
because it seems to describe the abnormalities found in prenatal ultrasound more accurately
[Chervenak et al., 1984; Senat et al., 1999]. The accepted standard for ventricle size is the
measurement of the ventricular atrial width at the level of the choroids plexus. Normally, it
ranges between 5.4 and 7.6 mm and measurements exceeding 10 mm are considered
enlarged [Cardoza et al., 1988; Farrell et al., 1994]. Mild ventriculomegaly is assumed when
the width of the atria of lateral ventricle is from 10 to 12 mm, moderate from 12.1 to 14.9,
while severe when equal or exceeding 15 mm, which is often associated with an unfavorable
outcome [Romero et al., 1988; Gaglioti et al., 2005]. Congenital unilateral severe
ventriculomegaly or hydrocephalus is rarely described, with only few reports in the literature
[Husag et al., 1976; Wilberger et al., 1983; Oi et al., 1985; Dorwling-Carter et al., 1987;
Gaston and Jones, 1989; Nakamura et al., 1989; Anderson et al., 1993; Tsao et al., 1996;
Chudley et al., 1997; Schulman et al., 2000; Durfee et al., 2001]. Congenital unilateral
ventriculomegaly associated with sensorineural hearing loss was assigned by Chudley et al.
[1997] who delineated the new autosomal recessive disorder “Chudley—McCullough
syndrome” and further similar cases were described (OMIM 604213). Moreover, borderline
unilateral ventriculomegaly had been diagnosed prenatally in two sibs whose surprisingly
same finding was detected in their mother [Muhler et al., 2008]. Authors postulated an
inherited anatomical variant most likely in autosomal dominant fashion. Autosomal
dominant hemiparesis with retinal tortuosity was reported as a dominant condition with full
penetrance affecting one parent [Vahedi et al., 2003]. To our knowledge, there have been no
other reports of familial cases with congenital unilateral hydrocephalus or ventriculomegaly.

Herein, we describe sibs with congenital unilateral ventriculomegaly. We discuss the
etiology and pathogenesis of this anatomical developmental defect. Since they are born to
healthy consanguineous parents, we suggest autosomal recessive as a possible mode of
inheritance.

CLINICAL REPORTS

Family History

The present Egyptian family was referred to the Genetic Clinic for counseling, as their only
two children had unexplained prenatal onset unilateral ventriculomegaly. Parents were first
cousins from Upper Egypt (Fig. 1). Maternal and paternal age was 25 and 29 years old,
respectively. No history of repeated abortions or early infant deaths was recorded. Maternal
pregnancies were uncomplicated, during which repeated TORCH screening was negative.
Ventriculomegaly versus hydrocephaly was suspected intrauterine by fetal ultrasound in both
sibs and delivery was by caesarian section. Parents were phenotypically normal without
history of any neurological problems. Brain MRI for both was entirely normal. Complete
blood picture, prothrombin time, concentration, partial thromboplastin time, antithrombin
I11, protein C and protein S were normal for both parents. Detection of autoantibodies in
maternal blood as lupus anticoagulant, anticardiolipin and anti-nuclear antibodies were
negative.

Am J Med Genet A. Author manuscript; available in PMC 2016 June 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zaki et al.

Patient 1

Patient 2

Page 3

Patient 1 was a 319/;,-year-old female presenting with developmental delay and weakness of
the left side of her body. She was the product of a full-term gestation. At birth the head
circumference was 39 cm (+3.13 SD), while the weight was 3.200 kg (-0.5 SD) and length
was 50 cm (+0.2 SD). On the second day of her life, CT brain examination revealed
unilateral right ventriculomegaly and suspicion of hydrocephalus; ventriculoperitoneal shunt
operation was done at the age of 1 week. The parents noticed left sided weakness in the first
few years of life, but there was no sudden onset of symptoms. Developmental milestones
were mildly delayed; she supported her head at 6 months, sat unsupported at 14 months, and
walked unsupported at 30 months with mild unsteady gait, and attained bowel and bladder
control by 3 years old. The patient pronounced several double syllable words. She had
history of several attacks of partial seizures, controlled with carbamazepine.

On examination at 319/;, years the height on —1.1 SD and head circumference on -1.4 SD
with closed fontanels. The patient had mild asymmetric facial features, thick vermillion to
the lips (Fig. 2A) and unilateral single palmar creases. Neurological evaluation revealed
wide based gait and mild limping on left side. There was facial weakness of the left during
smiling (Fig. 2A). The left upper and lower limbs showed weakness, hypotonia and brisk
reflexes, with pathological reflexes positive Babinski and ankle clonus. There was mild
intention tremor but no detectable nystagmoid eye movement.

Complete audiometry, EMG, and NCV were normal. Ophthalmological examination
revealed normal fundi, however there was visual reduction of left eye with asymmetric
evoked potential. EEG showed abnormal potentials in the form of focal spike and slow
waves. Chromosomal analysis was normal, 46,XX in all examined metaphases.
Developmental milestones were evaluated by Stanford—Binet test [Thorndike et al., 1986]
and revealed 1Q score of 71 (low borderline range). Serial neuroimaging revealed severe
right ventriculomegaly and intact shunt (Fig. 3). Near absence of overlying white matter,
marked thinning of the cerebral cortex, absent thalami and basal ganglia were striking in the
affected hemisphere. Furthermore, Wallerian degeneration of the brain stem was noted, with
the affected side having small cerebellar peduncles, pons and medullary pyramids.
Cerebellum was normal or nearly normal in size. Patient had thin corpus callosum and
retrocerebellar cyst. The left lateral ventricle was normal while the overlying cerebral cortex
showed posterior opercular polymicrogyria that seemed to extend into the posterior temporal
lobe (Fig. 3).

Patient 2 was a 23/, years old female. She was the second child of the family and the
younger sib of Patient 1 (Fig. 1). Pregnancy history was noncontributory. Meticulous serial
ultrasound during gestation detected congenital unilateral left hydrocephalus by the 8th
month. At birth the head circumference was 36.8 cm (+1.7 SD). Neurosurgery consultants
opted to avoid surgical intervention. No signs or symptoms of increased intracranial tension
were present and patient had no history of seizures. The developmental milestones were
mildly delayed: she was able to support her head at 6 months, sat unsupported at 13 months
and stood with support at 16 months.
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On examination her weight was on the mean, height on +0.6 SD, and head circumference on
+1 SD with patent anterior fontanel. She had similar facies as her sister together with
prominent forehead, broad nose (Fig. 2B) and bilateral single palmar creases. Neurological
evaluation showed only mild weakness of motor power in right side, including the right face
during smiling (Fig. 2B) although both sides showed similar hypotonia and brisk reflexes.
All investigations were normal including EEG, fundus examination, VEP, complete
audiometry, EMG, NCV, and karyotyping. Patient’s 1Q score was 80 (borderline range)
using Stanford-Binet test [Thorndike et al., 1986].

Serial Brain MRI scans were done at 4 weeks, 13 months, and 2 years old, revealing left
ventriculomegaly. Recent MRI (Fig. 4) showed nearly identical findings as was found in her
older sister regarding cerebrum and brain stem affection, but on the opposite side of the
brain. No retrocerebellar cyst or contralateral opercular polymicrogyria were detected,
although the posterior aspect of the sylvian fissure was slightly irregular.

DISCUSSION

The pathophysiology of congenital unilateral ventriculomegaly has been categorized by Oi
and Matsumoto [1985]. They proposed four different potential mechanisms: congenital
atresia of the foramen of Monro, morphological obstruction as space occupying lesion,
patent foramen of Monro with unilateral hemispheric degenerative parenchymal changes or
unbalanced intracranial compliance. In this study, we present two female sibs with unilateral
congenital severe ventriculomegaly. The older sibling underwent shunt operation early in
life; however no obvious decompression of the affected ventricle was present in subsequent
scans. Patient 2 did not require surgical intervention. We postulate that the severe unilateral
ventriculomegaly in these two sibs was attributed to developmental defect or vascular lesion
of the affected hemisphere during embryogenesis rather than obstruction of foramen of
Monro, based on absence of the expected marked asymmetry of the hemicalvaria with
obstruction. Moreover, the lack of improvement in the ventriculomegaly following the
placement of the shunt suggests brain dysplasia or early vascular insult rather than
obstruction [Tsao et al., 1996].

Based on several published studies, congenital unilateral ventriculomegaly has a lower risk
of mortality and morbidity compared with bilateral hydrocephalus, with only few cases
having associated central nervous system malformations or other system anomalies [Senat et
al., 1999; Schulman et al., 2000; Durfee et al., 2001; Gaglioti et al., 2005; Ouahba et al.,
2006]. Extracranial malformations were not observed in our patients. Patient 1 had focal
polymicrogyria (PMG) that surprisingly affected the posterior opercular region in the normal
ventricular sized hemisphere and a large retrocerebellar cyst, again suggesting a
developmental origin of the defects. The etiology of the PMG on the side opposite of the
ventriculomegaly could be primarily related to the developmental defect. Robin et al. [2006]
suggested that del 22q11 is a relatively common cause of perisylvian PMG, especially when
present asymmetrically. This patient had normal chromosome 22 based upon FISH analysis.
Nevertheless, authors hypothesized an intriguing hypothesis that asymmetric PMG may be a
sequelae of abnormal hypoperfusion of the embryonic brain due to haploinsufficiency of a
gene acting extrinsically, perhaps affecting the vasculature or growth factors. Alternatively,
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this PMG could be a result of a “bystander” effect, similar to the finding that an early injury
to one cerebral hemisphere can lead to abnormal sulcation in the contralateral hemisphere
[Goldman-Rakic, 1980]. The corpus callosum was well formed in these patients, but
appeared thin due to the severity of white matter injury in the affected hemisphere.

Prognosis of unilateral ventriculomegaly is uncertain. However, it depends on the severity of
dilatation, therapeutic options as well as absence of associated anomalies [Benacerraf, 2001;
Sadan et al., 2007]. Patients with mild unilateral ventriculomegaly have favorable outcome
with adequate cognitive function and normal to mild physical impairment [Patten et al.,
1991]. Mild to moderate developmental delay, squint strabismus, hemianopia, hemiparesis,
mild speech difficulties and learning problems have been ascertained in the few reports that
assessed developmental outcome of unilateral ventriculomegaly [Patten et al., 1991; Tsao et
al., 1996; Durfee et al., 2001; Benacerraf, 2001; Sadan et al., 2007]. Both patients had mild
developmental delay, hemiparesis contralateral to the involved hemisphere, and mild
intellectual impairment. Patient 1 experienced focal seizures that were probably attributed to
the presence of polymicrogyria, although seizures were reported in few patients with
isolated unilateral hydrocephaly [Wilberger et al., 1983]. Interestingly, the present cases had
very thin cerebral mantle on the affected hemisphere with low borderline and borderline
intelligence in patients 1 and 2, respectively. This agrees with previous reports that
documented poor correlation between thinning of the cortical mantle and subsequent
intelligence in unilateral ventriculomegaly [Chervenak et al., 1985; Patten et al., 1991].

The pathogenesis of congenital hydrocephalus appears to be more complicated than mere
disorder of CSF circulation, and is not yet well understood. Growing evidence indicates that
genetic factors play a major role in the pathogenesis of hydrocephalus. It is proposed, that it
may develop at a specific embryonic time period of neural stem proliferation and
differentiation in the brain caused by abnormal cellular signal and functioning through
cytokines, growth factors or related molecules produced by hydrocephalic gene products
[Zhang et al., 2006]. The present patients had hydrocephalus ex vacuo secondary to
parenchymal loss rather than impaired CSF reabsorption, as seen in the more common cases
of pediatric hydrocephaly. We suggested local vascular insults as possible explanation for
severe ventriculomegaly in both sibs, as well as the unilateral polymicrogyria in the
contralateral hemisphere in the older affected. However, the presence of normal parental
hematological profile and absence of detectable autoanti-bodies in maternal serum argues
against parental vascular or alloimmune disorders in the etiology of this condition. Pilu and
Hobbins [2002] stressed on the importance of TORCH screening when ventriculomegaly
was diagnosed prenatally. Congenital infections seem unlikely in both sibs as the mother had
serial normal TORCH results. Gaglioti et al. [2005] mentioned that the rate of chromosomal
anomalies in isolated ventriculomegaly is fairly low, and these were normal in this family.
Isolated ventriculomegaly has been associated with chromosomal aneuploidy in few reports
[Terry et al., 2000; Benacerraf, 2001; Ouahba et al., 2006]. Nevertheless, the presence of a
closely similar picture in the sibship is highly suggestive of a genetic basis. This might point
to a responsible gene(s) that may play a putative role in development of the hemisphere as
well as cortical folding, possibly by determining vascular supply, as has been suggested
[Vahedi et al., 2003]. Recently, mutations of collagen IV A1, a major component of vascular
basement membrane, have been incriminated in autosomal dominant porencephaly [Gould et
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al., 2005; Breedveld et al., 2006; van der Knaap et al., 2006]. Authors clarified that
COL/VAI mutations compromise the structure integrity of the vascular basement membrane
rendering vessels more susceptible to disruption especially during stress as partition leading
to perinatal intracerebral hemorrhage and porencephaly. It would be interesting in the future
to test this family for a mutation in the COL/VAI gene, but we would expect it to be
negative due to the differences in both neuroradiological presentation and inheritance
pattern.

To our knowledge, familial congenital unilateral severe ventriculomegaly was previously
reported rarely: in the family described by Muhler et al. [2008] and in association with
sensorineural hearing loss in Chudley—McCullough syndrome (OMIM 604213) and with
retinal arteriolar tortuosity [Vahedi et al., 2003], both of which were absent in this family.
The present patients had normal hearing and fundus exams and were derived from healthy
first consanguineous parents from Upper Egypt, where the consanguinity rate among
couples in this area is approximately 40% [Hafez et al., 1983], suggesting recessive
inheritance. In conclusion, we suggest that this family represents a form of brain dysplasia
of genetic basis, most likely inherited as autosomal recessive trait.
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FIG. 1.
Pedigree of the assigned family.
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FIG. 2.
Both patients have specific facial features. A: Patient 1: Note, squint, apparent

hypertelorism, mild downslanting of the eyes, thick lips. There is prominent asymmetry of
the face when attempting to smile. Note inability of the patient’s left lip to elevate. B: Patient
2: Note similar facies as older sister, together with prominent forehead and broad nose.
There is less pronounced asymmetry with smiling, most notable is the failure to elevate the
patient’s lip, and to partially close the eye on the right.
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FIG. 3.
Brain MRI of Patient 1. A,B: Right severe ventriculomegaly with near absence of overlying

white matter and marked thinning of the cortex on the right (arrows) together with absence
of thalamus and basal ganglion on the right. Normal left lateral ventricle and overlying
cerebral cortex showed posterior opercular polymicrogyria (arrowheads). Site of shunt
indicated by arrow in (B). C: Thin corpus callosum (arrows), retrocerebellar cyst (*). D:
Right parasagittal showing ventriculomegaly and thin cortical mantle.
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FIG. 4.
Brain MRI of Patient 2. A,B: Left severe ventriculomegaly with near absence of overlying

white matter and marked thinning of the cortex and absence of thalamus and basal ganglion
on the left. C: Thin corpus callosum (arrows) was also evident. Retroretrocerebellar cyst was
not evident. D: Left parasagittal image showing ventriculomegaly and thin cortical mantle.
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