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Abstract
Neonatal hydrocephalus is a neurologic congenital condition where excess CSF accumulates in the brain’s ventricles and aqueducts, causing increased intracranial 
pressure. Global rising rates of neonatal hydrocephalus call for a better understanding of the etiology and advancement of more modernized therapeutic approaches. 
Currently, causes of neonatal hydrocephalus are believed to be genetic or from acquired injuries. Socioeconomic factors and maternal comorbidities also affect the 
health outcomes of neonatal hydrocephalus patients. Evaluation of development, presence, and recovery from neonatal hydrocephalus are through brain imaging, 
physical examination, and history taking. Infants with the condition most experience little loss of neurological function, but a significant fraction also faces worsening 
morbidities and sudden fatality. The two major treatments for the condition are ventriculo-subgaleal shunt (VSGS) and endoscopic third ventriculostomy (ETV), 
and both carry high risks of perioperative complications. Nevertheless, the chosen therapy for each patient requires consideration of their health status, and more 
importantly, their informed decision. The patient should also be informed about postoperative management and the importance of regular follow-ups with their 
neurosurgeon and neurologist.
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Introduction
Neonatal hydrocephalus, or congenital hydrocephalus, is the ac-

cumulation of excessive cerebrospinal fluid (CSF) in enlarged brain 
ventricles caused by cerebral malformation or defective development 
of CSF pathways. The resulting impaired CSF circulation for defective 
flow currents, fluid overaccumulation, and fluid imbalance is a major 
indication for neurosurgical shunting [1]. At 0.3 to 2.5 cases per 1,000 
live births, hydrocephalus is one of the most common congenital ab-
normalities occurring in the nervous system [2]. Studies claim that up 
to 78% of patients with congenital hydrocephalus show residual neuro-
logical deficits which can reach disability rates of up to 28% of patients 
[3]. Neonatal hydrocephalus is considered a multifactorial disorder [3], 
typically stems from CNS perinatal or neonatal infection [4], aque-
ductal stenosis, Dandy-Walker Malformation (DWM), and holopros-
encephaly [5]. The physiological mechanisms leading to the disorder 
can be separated into primary and secondary. Mechanical compression 
and stretching of brain parenchyma leads to mechanisms involving 
neuron alternation and axonal degeneration on a cellular level [3]. 
Furthermore, hydrocephalus can be classified as communicating and 
non-communicating hydrocephalus. Communicating hydrocephalus is 
characterized by CSF being able to flow after blocking the ventricles due 
to passages remaining open. Non-communicating hydrocephalus ceas-
es the communication between the ventricles and no CSF is able to flow. 
The significance of categorizing hydrocephalus as either communicat-
ing or non-communicating lies in the choice of treatment determined 
by current guidelines [6].

Treatment involves neurosurgical CSF diversion, in most cases, 
which has high morbidity and failure rates [7]. Neonatal hydroceph-
alus’ high morbidity and failure rates are explained by its heterogene-
ous etiology including neurodevelopment alterations that challenge 
therapy options [8,9]. CSF diversion is accomplished with shunting, 
which drains CSF. Post-surgical complications include poor neurode-
velopmental outcomes and persistent ventriculomegaly. Currently, the 
peritoneal-ventricular shunt is the best surgery treatment, but the al-

ternative endoscopic third ventriculostomy (ETV} is indicated in some 
treatments and presents fewer complications [10]. Guidelines suggest 
that peritoneal-ventricular shunt should be indicated as the first op-
tion for neonates with a greater weight than 2000 grams [11]. However, 
neonates of low body weight (<2000 grams) are suggested to under-
go external ventricular drain as an alternative to low weight until the 
2000 grams goal is reached for surgical intervention [9]. The alternative 
endoscopic third ventriculostomy is conditionally limited to the type 
of non-communicating hydrocephalus and in patients of at least one 
year of age [6]. Current treatment options for neonatal hydrocephalus 
have shown in studies to reverse neurological deterioration by 10-20% 
through surgical procedures [12]. The importance of this review is to 
show a clinical presentation of congenital hydrocephalus, guidelines for 
its treatment, and alternative therapies with the goal of improving neu-
rological outcomes.

Incidence and prevalence of neonatal hydrocephalus The World 
Health Organization-affiliated International Clearinghouse for Birth 
Defects Surveillance and Research (ICBDSR) estimates the incidence 
of neonatal hydrocephalus secondary to congenital anomalies and hy-
drocephalus associated with spina bifida [13]. The ICBDSR reports the 
incidence of congenital hydrocephalus to be approximately 50 cases 
per 100,000 births annually [14]. However, the overall incidence of hy-
drocephalus related to spina bifida rises to 81 cases per 100,000 births 
annually [14]. When taking into account congenital and acquired eti-
ologies including posthemorrhagic and postinfectious hydrocephalus, 
the registry states the incidence of neonatal hydrocephalus to be as high 
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as 270 cases per 100,000 births annually which would represent over 
380,000 global new cases of hydrocephalus every year [15]. Based on 
the data collected, hydrocephalus can be associated with a congenital 
source in 44% of cases, spina bifida in 12% of cases, infection in 42% of 
cases, and only 2% caused by intraventricular hemorrhage of prematu-
rity [15]. Socioeconomic factors play a significant factor in terms of the 
incidence of neonatal hydrocephalus [16]. When comparing high-in-
come countries to low and middle-income countries, the annual inci-
dence was reported for congenital and spina bifida-associated hydro-
cephalus to be 78 cases per 100,000 births and 106 cases per 100,000 
births, respectively [14]. Moreover, when observing the incidence of all 
congenital, spina bifida-associated, and acquired cases of hydroceph-
alus, there is a greater difference between high-income countries (79 
cases per 100,000 births) and low and middle-income countries (123 
cases per 100,000 births) [14]. We can propose higher birth rates along 
with the higher incidence of postinfectious and spina bifida-related hy-
drocephalus in low and middle-income countries to be mechanisms of 
the observed differences [16].

The prevalence of congenital hydrocephalus is expected to increase 
as the survival rate for patients is reaching higher percentages due to 
new treatment options and early surgical interventions [17]. Studies 
report that the global prevalence of neonatal hydrocephalus is 72 cases 
per 100,000 population group [14]. When introducing spina bifida-as-
sociated prevalence, an increase to 88 cases per 100,000 population 
group is observed [14]. Similar to incidence, the prevalence in low and 
middle-income countries is shown to be higher due to proposed soci-
oeconomic effects compared to those in high-income countries [16].

Pathophysiology of neonatal hydrocephalus Besides the prognosis of 
patients with neonatal hydrocephalus being poorly optimal, the patho-
physiology is not well understood. In the ventricular system, an obstruc-
tive malformation that causes partial or complete physical blockage of 
the CSF flow may result in hydrocephalus [18]. The path that CSF takes, 
known as the “bulk flow” model, is characterized by a slow and unidi-
rectional movement through the ventricular system [19]. The CSF exits 
the ventricular system through the fourth ventricle into the subarachnoid 
space where arachnoid granulations absorb the CSF and dump it into the 
systemic circulation [19]. Once outside of the ventricular system, the CSF 
flow into systemic circulation can be impaired by inflammation or scar-
ring of the subarachnoid space [20]. Congenital hydrocephalus can be a 
result of primary genetic abnormalities that develop the injury as a di-
rect mechanism or secondary mechanisms that are caused by the conse-
quence of the expansion of the ventricles or alteration of CSF physiology 
[21]. Ongoing studies are attempting to establish the congenital mecha-
nisms that contribute to ventriculomegaly in humans in addition to gross 
malformations like Chiari II and Dandy-Walker [3]. McAllister explains 
that the main congenital mechanisms in hydrocephalus are aqueductal 
stenosis or obstruction, ependymal denudation, and modifications in the 
subcommissural organ.

The multifactorial nature of congenital hydrocephalus forces the 
concept that all ventriculomegaly can be obstructive by blocking the 
absorption of CSF with a physical wall or reduced transport to the sub-
arachnoid space, arachnoid granulations, and ultimately the systemic 
circulation [22]. Other factors to consider based on the disease’s mul-
tifactorial nature are the overlapping injury mechanisms [23]. In the 
timeline of the first few hours to a few days after the onset of ventricu-
lomegaly, the most critical mechanisms are increased CSF pulsatility 
in the cerebral aqueduct, compressions and stretch of periventricular 
tissue, and ischemia and hypoxia [24]. Once, the timeline of chronic 
ventriculomegaly is reached, additional mechanisms are contributing 

to a more severe form of hydrocephalus: gliosis, periventricular edema, 
demyelination, axonal degeneration, dendritic and synaptic deterio-
ration, altered blood-brain barrier transportation, impaired CSF flow, 
and cell death [25]. Neurodegeneration can be attributed to the pres-
ence of apoptosis and necrosis of cortical neurons in the pathophysiol-
ogy of prolonged hydrocephalus [26]. Another addition to mechanisms 
of neurological injury is the observed apoptosis of oligodendrocytes. In 
the early stages of hydrocephalus, oligodendrocytes undergo apoptosis 
in the periventricular white matter resulting in a potential impediment 
in the formation of myelin [26]. Ongoing efforts are being made to un-
derstand the multifactorial nature of hydrocephalus and how injury 
mechanisms contribute to the neurological outcome.

Classification of neonatal hydrocephalus 

Hydrocephalus in infants can be categorized into congenital or ac-
quired forms of the disease. Congenital or neonatal hydrocephalus oc-
curs by an intrinsic mechanism that is present at birth and can present 
at birth or later develop such as genetics [27]. In the case of an extrinsic 
prenatal cause such as a complication of a hemorrhage, infection, or 
neoplasm, can result in the same form of neonatal hydrocephalus, how-
ever, it is denominated as acquired hydrocephalus [28]. The recently in-
troduced multi-categorical hydrocephalus classification (Mc HC) takes 
into consideration onset, cause, underlying lesion, symptomatology, 
pathophysiology, and CSF flow, and divides obstructive from commu-
nicating cases [29]. Lastly, an additional classification can be portrayed 
when a specific syndrome or genetic basis is attributed [30]. This is catego-
rized as syndromic or non-syndromic as hydrocephalus being associated 
with a syndrome or not, respectively. Studies choose to distinguish hydro-
cephalus as characterized by a clinical phenotype and brain findings, or 
characterized by major physical abnormalities or clinical signs [30].

Causes of hydrocephalus in neonates

Aqueductal Stenosis: The most common site of intraventricular 
blockage is the Sylvius aqueduct which is known to be the narrowest sec-
tion CSF flows through to reach systemic circulation [31]. Stenosis, or 
narrowing of the aqueduct, is approximated to be responsible for 6-66% 
of cases of neonatal hydrocephalus [32]. The Sylvius aqueduct can be-
come stenotic as a result of compression from mass lesions or by a mech-
anism of intrinsic pathologies such as non-tumoral aqueduct stenosis 
[33]. Intrinsic aqueductal stenosis has been classified as either congenital 
or acquired, idiopathic, or secondary to a known disease [34]. The lumen 
of the Sylvius aqueduct is lined with a single layer of ependymal cells [34]. 
Russell classifies histopathologically non-tumoral aqueduct stenosis into 
four causes: stenosis, forking, septum formation, and gliosis [35].

Figure 1: Macrocephaly and ventriculomegaly in neonatal hydrocephalus.
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Stenosis is observed as the narrowing of the aqueduct and pres-
entation of the ependymal lines in the lumen with the absence of gliosis 
[36]. Stenosis can occur through a mechanism of simple stenosis, where 
an abnormally sized aqueduct with normal cells is observed, or congen-
ital atresia. In congenital atresia, abnormal infolding of the neural plate 
is suspected to be the cause of the narrowing of the neural tube [37]. 
Forking is a condition that occurs through the incomplete fusion of the 
median fissure resulting in the decrease in size of the lumen for CSF to 
flow [38]. The partial fusion ramifies into two or more individual chan-
nels that communicate with each other, however, communicate with 
the ventricles separately [38]. A gliotic membrane can form from glial 
overgrowth at the lower end of the aqueduct. This overgrowth forma-
tion restricts the space for CSF to flow at the lower end of the aqueduct 
and can reach to totally obstruct the aqueduct [39]. Similarly, to the 
overgrowth of glial cells, gliotic stenosis is observed. The proliferation 
of glial cells and overproduction of glial fibers or gliosis may be associ-
ated with a reaction to irritant agents such as infection, or hemorrhage, 
and is responsible for the obstruction of the aqueduct [40] .

Intraventricular Hemorrhage and Germinal Matrix Hemorrhage 

Intraventricular hemorrhage (IVH) is characterized by blood leak-
age into the ventricular space. Pathogenesis of IVH is attributed to vas-
cular fragility and fluctuations of CSF flow which may be observed in 
20% of preterm newborns and further develop into neonatal hydro-
cephalus [41]. The area’s high demand for oxygen places it in a hypoxic 
state which upregulates the synthesis of vascular endothelial growth 
factor (VEGF) and in addition to its high vascularity, this increases 
the likelihood of hemorrhage [42]. Germinal matrix hemorrhage may 
originate in the capillary vessels of the subependymal germinal matrix 
(GM) [43]. This is clinically significant due to the association of the 
GM with developing neural networks which can potentially lead to 
neurodevelopmental disability [44]. The pathogenesis of GM hemor-
rhage might be contributed by a combination of the fragile GM vas-
culature, abnormal flow of blood in the brain due to low mean arterial 

pressure, and impaired cerebral autoregulation [45]. This multifactorial 
component makes a preterm neonate susceptible to vascular rupture 
and hemorrhage [46]. Germinal matrix hemorrhage is graded (Figure 
2) such that grade 1 depicts the hemorrhage limited to the GM; grade 2 
describes the hemorrhage partially extending to the ventricular system; 
grade 3 connects GM and IVH due to complete expansion to the ven-
tricular system; and grade 4 shows hemorrhage fully extended to brain 
tissue [47]. If hemorrhage is left untreated, hydrocephalus may contrib-
ute to seizures, cognitive impairment, and white matter injury [48]. In 
order to treat IVH that may lead to hydrocephalus, CSF flow must be 
diversified to a temporary external drain, access reservoir, permanently 
implanted shunt device, or endoscopic third ventriculostomy [49].

Diagnosis of neonatal hydrocephalus

A diagnosis of neonatal hydrocephalus is made through a medical 
history, neurological exam, and imaging. Since there is a genetic com-
ponent to neonatal hydrocephalus, some may find it helpful to assess 
the risk of a fetus developing hydrocephalus [50]. Hydrocephalus can 
begin prenatally before skull closure and full development of the brain 
[51]. Therefore, prenatal brain imaging [52] is the most effective ap-
proach in tracking the development of the fetus’ brain and hydroceph-
alus [53]. Ventricular dilatation is an important indicator for the cur-
rently developing or the future development of hydrocephalus [54]. Im-
aging techniques such as ultrasonography (US), computed tomography 
(CT), and magnetic resonance imaging (MRI) are decided based on the 
potential benefits of the test, cost, and risk of harm from radiation [55]. 
Detection often occurs between 15 and 35 weeks of gestation [56], and 
most cases arise during the third trimester [56]. The current most com-
mon method of diagnosing and monitoring ventricular dilatation is via 
cranial ultrasound [57], and confirmation is made with more defined, 
comprehensive images from an MRI [58]. An ultrasound can check 
for fluid accumulation in the ventricles through the fontanelle of the 
fetus’ skull [59]. The anterior fontanelle can also be used for the US 
postnatally before it closes. Generally, the risks and radiation effects of 
ultrasounds are low [60]. After birth, an MRI can visualize surrounding 
brain tissue, ventriculomegaly, and assess CSF flow [61]. In the case of 
IVH-cased hydrocephalus, a cranial US is performed right after birth, 
as the highest risk of bleeding is found within a week of birth [62]. A 
CT scan can also check for ventricular dilatation and CSF accumula-
tion [63]. These tests are also used to distinguish communicating or 
non-communicating and compensated or arrested hydrocephalus [64]. 
After birth and during surgical follow-ups, neuropsychological eval-
uations would be performed to assess for cognitive impairment [65]. 
Physical examination [18] involves measuring the head circumference, 
looking for firmness or elevation of the anterior fontanelle, and splitting 
or splaying or cranial sutures to assess for macrocephaly caused by CSF 
accumulation [66].

Treatment options for neonatal hydrocephalus

The goal of treatment is to reduce intracranial pressure by 
draining CSF from the ventricles and restoring CSF circulation [10]. 
Considering the many possible causes and multifactorial nature of 
neonatal hydrocephalus [67], the mechanism is difficult to understand, 
and subsequently, the development of novel therapeutic strategies 
is slow. The aforementioned “bulk flow” model is considered too 
simplistic since CSF uses perivascular networks [68] to deposit itself 
into different brain cavities [69]. Shunting has been the go-to treatment 
since the 1950s [70], and the procedure itself has evolved over the past 
seven decades, but such improvements have not been able to eliminate 
the significant rates of surgical complications and shunt failure [68].

Figure 2: Germinal Matrix-Intraventricular Hemorrhage Grading.
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Treatments for neonatal hydrocephalus are still largely debated, 
as each of the few available options carry high morbidity and risks 
[71]. Most would agree that the best treatment options produce the 
best health outcomes and induce the least risk for impaired brain 
growth and development [72]. There are currently three surgical 
options that can treat neonatal hydrocephalus: ventriculo-subgaleal 
shunt (VSGS), endoscopic third ventriculostomy (ETV), and choroid 
plexus cauterization (CPC) [73]. Surgical decision-making depends 
on patient age, etiology, neuroanatomy, imaging findings, and existing 
comorbidities [66]. All three procedures are performed under general 
anesthesia and can be completed within a few hours [74]. Overall, 
receiving any of the surgical treatments reduces deaths by neonatal 
hydrocephalus by 50% [75]. Trends show that the earlier the diagnosis 
and treatment improves the prognosis of neonatal hydrocephalus, and 
most can lead functional lives with few limitations [76] .

Ventriculo-subgaleal Shunt (VSGS) 

Most cases of neonatal hydrocephalus, regardless of cause, can be 
treated with a ventriculoperitoneal shunt [77], but complications can 
significantly impact brain function during development [78]. A burr 
hole is drilled through the frontal bone and a synthetic shunt tube is 
inserted to drain the CSF-filled ventricles into a pocket under the skin 
[79]. There are three parts of a shunt: one end of the shunt stays in the 
ventricle, the body tunnels under the skin, while the other end drains 
into another body cavity [80]. At times, a valve within the shunt can 
control the rate of drainage to prevent rapid flushing [81]. However, 
the slit valve can increase the occurrence of an intraparenchymal 
hemorrhage [82].

Around 40-50% of neonatal hydrocephalus cases in premature 
infants are caused by germinal matrix hemorrhage (GMH). These 
ruptures in the germinal matrix vessels lead to intraventricular 
hemorrhage (IVH) [83]. IVH subsequently leads to disruption of CSF 
circulation and ventricular dilation as seen in neonatal hydrocephalus. 
In such cases, ventriculo-subgaleal shunt (VSGS) is typically chosen 
for neonates because it drains CSF into other areas of the brain cavity 
to reduce intracranial pressure [83]. Other options such as ventriculo-
peritoneal shunt (VPS) and ventriculo-atrial shunt (VAS) are more 
common in more developed children, whereas VSGS procedures are 
performed soon after birth [84]. Corrective procedures are always 
performed postnatally, even in the case of a prenatal diagnosis of 
neonatal hydrocephalus. Guidelines for the timing of VSGS procedures 
are still being debated, but most would agree that VSGS should be 

performed within a month following birth. Statistically, VSGS is 
typically performed 35.04 days after birth [84], with delays resulting 
from poor vital signs and/or respiratory function. After management 
with a CSF drain, the infant may graduate to a ventriculo-peritoneal or 
-atrial shunt or consider an ETV. As opposed to ventriculo-peritoneal 
shunt (VPS), it does not require a mature immune system, developed 
abdomen absorption capacity, elimination of blood products from 
CSF, and sufficient thickness. If a neonate receives a VPS without 
sufficient development, they would need external drainage and 
frequent aspiration of CSF [82]. VSGS can be a temporary means of 
managing the hydrocephalus before the neonate matures enough to 
tolerate the VPS. Other temporary means of managing progressive 
post-hemorrhagic hydrocephalus include intermittent lumbar 
punctures, placement of a tapping reservoir for CSF withdrawal, or the 
placement of an external drain [85]. In neonates with post-hemorrhagic 
hydrocephalus, VSGS produces lower infection and complication rates. 
VSGS is comparatively simpler and faster than alternative procedures, 
avoids repetitive aspiration for CSF evacuation, and most importantly, 
permanently decompresses the ventricles without electrolyte and 
nutritional loss [84].

However, shunt failures caused by infection and malfunction could 
be potentially fatal in the future. Shunts can stop draining and poorly 
regulate circulation because of blockages, infections, or unintended 
shifts. Shunt failures in older patients can often go unnoticed as there 
may be life-threatening increases in intracranial pressure without 
detectable increases in ventricular volume [51]. Moreover, risks are 
elevated if the VSGS procedure is performed too early on premature 
infants. Shunt dysfunction in pediatric hydrocephalus can affect 440% 
of cases within 1 year and 50% of cases within 2 years [78]. Even so, any 
newly-placed shunt requires an average of 2 to 4 revision surgeries within 
a decade of implantation [86]. Should the shunts become blocked for 
infection, shunt repair surgery is necessary to correct the complication. 
As a result, new treatment procedures are being developed, as VSGS 
complication rates are high in low birth weight (LBW) and premature 
infants receiving VSGS procedures [84]. The first way to reduce the risk 
of infection, post-surgical complications, and shunt dependence is to 
avoid long-term insertion of a foreign synthetic object.

Endoscopic third ventriculostomy (ETV) 

Neuroendoscopic third ventriculostomy for noncommunicating 
hydrocephalus is now being explored as an alternative for VSGS, with 
lower risks of surgical perioperative hypersensitivity reactions and low-
er long-term risks after an early high-risk period [87]. With the rise 
of ETV, the use of shunting has declined [51]. Like in VSGS, a hole is 
drilled through the skull, but an endoscope enters the hole and punc-
tures a hole into the floor of the third ventricle, creating an alternate 

Figure 3: Current Procedures for Management of Neonatal Hydrocephalus based on Clas-
sification.

Figure 4: Ventriculosubgaleal shunt (VSGS) & Endoscopic Third Ventriculostomy (ETV).
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route for CSF circulation [88]. Next, a balloon is inserted into the hole 
and inflated, then deflated and removed, to stretch the opening. Similar 
to the valve in the shunt, the size of the ETV would control the rate 
of CSF flow [89]. Unlike VSGS, the ETV procedure leaves no foreign 
hardware in the body, which lowers the risk of hypersensitivity reac-
tions and post-surgical infection [90]. Another procedure combines 
the ETV with choroid plexus cauterization (CPC). After the endoscope 
punctures through the ventricle, choroid plexus tissue is cauterized. By 
trimming the choroid plexus, the procedure reduces the overall CSF 
production [91]. The resulting ETV allows fluid to pass from the ventri-
cles into the subarachnoid space surrounding the brain. This procedure 
is preferred over ventriculo-peritoneal shunts for pediatric patients un-
der the age of 2 [92]. Despite initial success with the procedure, the 
ETV can close during development or during adulthood, which may 
lead to an acute emergency situation [93]. Currently, the ETV is the 
standard option for children over 2 in cases of obstructive hydrocepha-
lus where a blockage is present [94]. Infants receiving an ETV under 1 
year of age have a much higher failure rate than those receiving it who 
were older than 1 year of age [95]. 

Novel preclinical studies for treatments

Novel therapies aim to avoid shunting in neonatal cases by opting 
for exogenous fibrinolytic agents [78]. A study found that fibrinolytic 
therapy, CSF drainage, and irrigation on posthemorrhagic hydrocepha-
lus can reduce the fatality rate [96]. Possible biomarkers of TGF-β1 and 
TGF-β2 [97] have the potential to show where brain cells are being dam-
aged, and where therapeutic interventions are needed. Such treatments 
are still being tested on animal models and require larger sample sizes 
and application to human models to prove safety and efficacy. Since these 
studies are still in the early stages of development, shunts and ETVs re-
main the two primary interventions for treating neonatal hydrocephalus.

Follow-up regimen

Proper management of neonatal hydrocephalus requires early iden-
tification, follow-ups during development, and monitoring of shunts 
and ETVs [98]. Long-term management of lasting complications in-
cludes frequent visits with pediatric specialists, OTs, mental health pro-
fessionals, and social workers [99]. The first visit should be within two 
to four weeks of the surgery, and sooner if symptoms or complications 
arise. Post-surgical visits should involve neuroimaging studies [100]. 
ETV cases, for instance, require an MRI to assess CSF flow through 
the ventriculostomy [101]. Patients with ventriculoatrial shunt, which 
drain into the thoracic cavity, need echocardiograms to avoid cardiac 
vegetations and/or cor pulmonale after surgery [102]. Follow-up visits 
to neurologists and neurosurgeons are then spaced out with time in-
tervals dependending on their condition and recovery rate [2]. Neuro-
imaging during subsequent follow-ups checks for infections, bleeding, 
and ventricular size, and is done once every few years. Imaging can be 
more frequent with a subscription to shunt malfunction [2]. Neurode-
velopmental monitoring through neurologic exams assesses behavior 
and cognitive abnormalities during development. Fatality, epilepsy, and 
loss of function are possible complications of surgery, but risks can be 
reduced with regular follow-ups [2].

Conclusion 
Neonatal hydrocephalus is the most common congenital abnor-

mality, which requires surgical treatment to relieve CSF accumulation 
that causes enlarged brain ventricles and aqueducts. CSF accumula-
tion is often caused by a physical blockage rom abnormal formation 
of the ventricular system. The pathophysiology of hydrocephalus can 
be caused by primary mechanisms such as ventriculomegaly, and sec-

ondary mechanisms such as infection, inflammation, and scarring of 
the subarachnoid space. Potential causes of neonatal hydrocephalus in-
clude aqueductal stenosis, intraventricular hemorrhage, germinal ma-
trix hemorrhage, and stroke. Current classifications of neonatal hydro-
cephalus help identify which treatment option is most suitable for the 
patient. First, the presence and characteristics of the hydrocephalus are 
found through brain imaging techniques — most commonly using ul-
trasonography. Postnatal assessments involve medical and genetic fam-
ily history, neurologic exams, and brain imaging, as well. The two main 
types of surgical procedures for neonatal hydrocephalus patients are the 
ventriculo-subgaleal shunt (VSGS) and endoscopic third ventriculosto-
my (ETV). Surgical decision-making depends on the patient’s age, pre-
term or full-term delivery, etiology, neuroanatomy, and comorbidities. 
The ideal treatment for neonatal hydrocephalus is still being debated as 
each option carries an increased risk of morbidity during development 
and infant mortality. After the surgical treatment, a follow-up is typi-
cally scheduled within the first month to check for recovery progress. 
Then, visits are spaced out and often involve brain imaging, physical 
examination, and history-taking to manage any complications. Out of 
100,000 births, there are an estimated 50 cases of neonatal hydroceph-
alus annually. Increased rates of neonatal hydrocephalus occur in low- 
to middle-income countries due to higher birth rates and incidence of 
postinfectious or spina bifida-related hydrocephalus. These trends of 
neonatal hydrocephalus are expected to expand globally, and therefore, 
it is imperative to create more definitive classifications of hydrocepha-
lus and establish safer and more effective treatments.
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