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INTRODUCTION

ongenital hydrocephalus (CH) is a serious

birth condition that affects 4.65 out of every
10,000 babies and is linked to a high rate of
morbidity and mortality [1]. Now, it can be
detected during pregnancy using ultrasonography,
allowing care to begin as soon as possible [2]. It is
related to both genetic and non-genetic factors, also
in recent studies, there are few reports of hereditary
causes of hydrocephalus [3]. It's possible to be non-
depending on the
related malformations
cytogenetic,
molecular examinations [4]. In this review, we
highlight the current data about CH regarding the
pathophysiology, genetics, risk factors, clinical
picture and associated neural tube defects to
provide important information that can help in

syndromic or syndromic,
underlying cause and
identified using clinical,

prevention of some cases of CH.
DEFINITION

Hydrocephalus is a frequent cerebrospinal fluid
(CSF) disease that causes the cerebral ventricles to
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ABSTRACT
Background: Congenital hydrocephalus (CH) is a complicated syndrome
that may be linked to a wide range of brain disabilities. It results from
restricted cerebrospinal fluid flow either functionally or physically, causing
advanced cerebral ventricular dilation and compression of brain tissue. The
physical characteristics of CH are persistent open anterior fontanelle, dome
shape head, and ventrolateral strabismus on both sides. There are also,
headache, nausea, crossing normal centile lines, sunset eyes, distended
scalp veins, delayed development, poor feeding, as well as Parinaud’s
syndrome and possible abducent nerve palsy. CH is linked to variable risk
factors including prematurity, congenital infections, maternal pathologies,
medications, alcohol use, trauma and tumors. It may be related to other
congenital abnormalities like spina bifida, aqueductal stenosis, Arnold-
Chiari and Dandy-Walker anomalies. This review summarizes CH as
regards the pathophysiology, risk factors, genetics, clinical @ &
picture, and associated CNS defects, providing information
that can help in prevention of some cases of CH.
Conclusion: Protection of infants against CH could be
achieved by avoiding risk factors, early diagnosis and proper
management
Key words:
Hydrocephalus; CSF; Premature infant; Congenital infection; Neural tube
defect.

expand abnormally [5]. It is divided into two types:
communicative hydrocephalus, in which CSF flow
is unobstructed but not reabsorbed sufficiently in
the subarachnoid space, and non-communicative
hydrocephalus, with obstructed ventricular CSF
flow to the subarachnoid space. The non-
communicative form is further classified into
acquired and congenital types [6].

What is the cerebral ventricular system?

The cerebral ventricular system of the brain is a
collection of linked cavities filled with CSF and
enclosed by neuroepithelium. It is a special
characteristic of the vertebrate brain. Although
CSF is essential for both development of
embryonic brain and function of adult brain, the
brain ventricular system's development and
function are not fully understood [7].

There are 4 connected cerebral ventricles: 2 lateral
ventricles in the cerebrum, the 3rd ventricle in the
diencephalon, and the 4th ventricle between the
cerebellum and pons. The adult human brain is
surrounded by around 140 ml of CSF, with roughly

and
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20 ml within the ventricles and the remainder
covering the brain [8].
Development of the cerebral ventricles

The neural plate is developed in human within
the 4th week following fertilization and completes
neurulation in 5™ week forming the neural tube.
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Then the tube's ends (neuropores) close, the tube's
anterior portion forms the brain, and the posterior
portion forms the spinal cord. The future brain
starts to split to the main embryonic "brain
vesicles" creating the prospective hindbrain,
midbrain, and forebrain [9] (Fig.1).

Figure 1: Development of the brain ventricles [9]
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The brain ventricles neuroepithelium is important
for their development. The location and shape of
the neuroepithelium are directly reflected in the
embryonic brain ventricular space, and thus several
components of neuroepithelial development are
coordinated for the creation of brain ventricles.
First, the neuroepithelium is arranged along the
anteroposterior and dorsoventral axes, that permits
correct placement of the ventricles and leads
downstream morphogenesis of brain. Second, the
neuroepithelium shapes the brain and ventricles
through stereotyped and preserved morphogenesis,
controlled cell proliferation, and cell death. Finally,
the neuroepithelium produces the primary
embryonic CSF to fill the ventricles [7].
Pathophysiology of CH

The choroid plexuses are responsible for about
70% CSF production. The remainder is derived
from extra choroidal sources [10]. The intracranial
pressure has no effect on CSF production which
follows a pulsatile pattern. As a result, any
obstruction in the CSF stream can cause
hydrocephalus [11]. The CSF flows to the lateral
ventricle, the 3rd ventricle, the cerebral aqueduct,
the 4th ventricle, the two lateral foramina of
Luschka and one median foramen of Magendie, the
subarachnoid space, the arachnoid granulations,
the dural sinus, and finally into the wvenous
drainage. The imbalance between CSF secretion
and absorption causes hydrocephalus. This can be
a result of fetal bleeding, certain illnesses such
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toxoplasmosis or syphilis, genetic disorders, or
other anomalies like spina bifida. CH is caused by
two basic mechanisms: 1ry genetic anomalies that
affect the outcome and 2ry harm mechanisms that
result in enlarged ventricles due to altered CSF
physiology [12].
Risk factors of CH
CH has been associated with a number of risk
factors that will be summarized below:

1. Prematurity
Hemorrhage is a well-known complication of
premature labor that leads to post-hemorrhagic
hydrocephalus. In these cases, the intraventricular
hemorrhage yields small blood clots throughout the
CSF channels that alter the circulation and the
absorption of CSF. Moreover, transforming growth
factor beta (TGF-P) is released into the CSF that
stimulates laying down extracellular matrix
proteins such as laminin and fibronectin that results
in a permanent obstruction of the CSF pathways
[14].

2. Congenital infections
Certain prenatal infections can lead to CH. These
infections include toxoplasmosis that causes an
obstruction of the aqueduct of Sylvius [15].
Additionally, the congenital cytomegalovirus
(cCMV) causes several neuro-developmental
defects like calcification around ventricles and
ventriculomegaly which affect the CSF pathway
[16].
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3. Maternal pathologies
A] Maternal  diabetes  mellitus  (DM)
(pregestational and/or gestational)

All subtypes of hydrocephalus are correlated with
pre-existing DM. There are two possible reasons
for these correlations. First, hyperglycemia is
known to inhibit the expression of genes important
for CNS growth, resulting in obstructive CH.
Second, hyperglycemia during pregnancy may
cause a defect in the neural differentiation and
migration result in hydrocephalus. So maternal DM
increases the incidence of CH [17& 18].

B] Preeclampsia

While the pathogenesis of pre-eclampsia is
unknown, fetal as well as placental hypoxia tend to
be a component of the maternal syndrome's onset.
The prenatal hypoxia could place the fetus at a
higher risk of getting hydrocephalus due to the
defective vasculature that increases the potential of
intraventricular ~ hemorrhage. Pre-eclamptic
mothers with gestational hypertension are much
less likely to have alive fetuses. To experience an
intraventricular  hemorrhage, implying the
hydrocephalus is caused by a different feature of
preeclamptic pathology [19].

4. Maternal medication
Several medications, including  vaginal
metronidazole therapy during the second and third
months of pregnancy, the first-trimester exposure
to antidepressants (primarily selective serotonin
reuptake inhibitors [SSRIs]), proton pump
inhibitors (PPIs), nitrosatable drugs, or tribenoside,
have been linked to CH [16].

5. Maternal Alcohol use
Exposure to alcohol during pregnancy may lead to
different structural abnormalities which are called
as fetal alcohol syndrome. Facial and cranial
anomalies are the common features of fetal alcohol
syndrome [20]. Inhibition of retinoid synthesis by
ethanol may be a contributing factor in the
formation of brain malformations, and in
particular, midline  anomalies such as
hydrocephalus, through disruption of morphogen
synthesis and secretion at the floor plate [21].

6. Maternal trauma during pregnancy
About 3% of mothers whose infants developed CH
endured serious trauma during pregnancy [17].

7. Poor prenatal care
The child's mother received poor quality healthcare
increases the risk of CH [19]. Prenatal care is
important because patients with ventriculomegaly
can be identified early using ultrasound so mothers
can be referred to a neurosurgical center during
pregnancy, allowing proper treatment [22].

8. Low socioeconomic status

Infants with low socioeconomic status had a
slightly higher risk of CH [23].
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9. Maternal tumor and chemotherapy
CH was found in a baby born to a mother with
Hodgkin's disease diagnosed before pregnancy and
treated by a combination of chemotherapy [24].
This result, however, was not statistically
significant.

10. Deficiency of critical substances in

maternal diet

Folate and vitamin B12 deficiency [25& 26], Zinc
[27] and vitamin A deficiency [28] are all
considered risk factors for CH.

11. Genetic approach
While several syndromes have been linked to CH,
there are surprisingly few genes that have been
identified as the main or primary cause of the
disease [29]. LLCAM is the most well-known gene
in CH, responsible for up to 30% of all suspected
X-linked cases [30].
A study done by Furey et al. [31] recognized four
genes (TRIM71, SMARCC1, PTCH1, and SHH)
not previously implicated in CH using data from
the largest CH exome sequencing analysis to date.
Surprisingly, all four genes regulate ventricular
zone neural stem cell fate and, taken together,
account for 10% of CH instances. These results
indicate that impaired neurogenesis plays an
important role in the pathogenesis of CH patients.
Although a genetic etiology is expected for 40% of
all CH cases [32], less than 5 percentage of 1ry CH
cases are caused by mutations in the currently
known genes [33].
Clinical picture of CH
Clinical signs and imaging of CH depend on the
presence or absence of other major anomalies. It
may be hydrocephalus with other significant
congenital anomalies with apparent clinical
manifestations or only hydrocephalus with no
major other congenital anomalies [18]. In CH, the
cranial sutures are not closed vyet, so the
accumulated fluid causes an increase in the head's
volume that is called macrocephaly. Those fluids
compress the brain causing convulsion and
intellectual disability [34]. There are also,
headache, nausea, crossing normal centile lines,
conjugated down deviation of the eyes (sun
setting), abducent nerve palsy, distended scalp
veins, delayed development, poor feeding, as well
as Parinaud’s syndrome [35]. When one of the
previous clinical findings is observed imaging of
the brain and measuring of the CSF pressure should
be done. CT scanning is a good diagnostic tool for
determining ventricular size and morphology, as
well as the level of CSF flow restriction and the
reason for the obstruction [35].
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Congenital anomalies  associated  with
hydrocephalus
Hydrocephalus is strongly linked to open neural
tube defects [36]. About 80 % of patients with
myelomeningocele and Chiari 1l malformation
need CSF diversion for hydrocephalus [37]. On the
other hand, CH is rarely related to closed neural
tube defects [38]. Hydrocephalus was also found to
be linked with some other anomalies as aqueduct
stenosis  (45%), Arnold-Chiari malformation
(20%), spina bifida (30%), and Dandy-Walker
malformation (5%) [39].
Neonatal hydrocephalus can be part of major
cerebral defects, such as holoprosencephaly or
encephalocele. Other reasons of congenital
hydrocephalus include absence of the foramen of
Monro, agenesis of arachnoid granulations,
vascular abnormalities [40]. In Chiari 1l
malformation, hydrocephalus is often associated
with spina bifida and syringomyelia [41].
CONCLUSIONS
CH is caused by an excess of cerebrospinal fluid
(CSF) in the brain. The additional fluid can cause
pressure on baby's brain, resulting in brain damage
as well as mental and physical problems. Blockage
of the cerebral aqueductal flow, Dandy-Walker
and Arnold-Chiari malformations are the most
frequent causes of CH. Protection of infants against
CH could be achieved by avoiding risk factors,
early diagnosis and proper management.
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