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Introduction

CSF circulation is classically described as beginning in the lateral ventricles and 
draining in the subarachnoid cisterns. Two mechanisms of CSF drainage, namely the 
ventricular‑cisternal or the major pathway and the cerebral parenchyma or minor CSF 
pathway have been described[1]. The major pathway matures in late infancy with the 
development of the Pacchionian body and thus the success of endoscopic ventriculostomy 
as well as rates of arrested hydrocephalus increase after this period[1]. Dandy in 1919 
proposed the first classification system for hydrocephalus into communicating and 
non‑communicating[2]. In 1994, a ‘perspective classification for congenital hydrocephalus’ 
was proposed that grouped the various etiologies into five clinico‑embryological 
stages[3] [Table 1]. Neurodevelopmental outcomes, intelligent quotients, and 
developmental quotients differ based on the time of onset of hydrocephalus[4].

In 2010 a Multi‑categorical Hydrocephalus Classification (McHC) was proposed to cover 
all the aspects of hydrocephalus, broadly, patient factors, CSF factors, and treatment 
factors and was found to be highly effective in expressing the individual state of the 
hydrocephalus and possible progression or changes[5].

Table 2 summarizes the common causes and etiological classification of infantile 
hydrocephalus.

In infants, amongst the secondary causes, the most common is that which develops 
secondary to intraventricular hemorrhage (IVH)[6], with the remainder being largely 
constituted by central nervous system infections and neoplasms. This review discusses 
congenital hydrocephalus under two broad categories.
• Fetal hydrocephalus
• Infantile hydrocephalus including posthemorrhagic hydrocephalus

The discussion aims to highlight a simplified approach towards the management of this 
vexing problem. The current and upcoming role of neuro‑endoscopy in the management 
of congenital hydrocephalus, and the outcomes of congenital hydrocephalus are also 
discussed. Hydrocephalus related to tumors and infections is not disussed.

Fetal Hydrocephalus
Fetal ventriculomegaly (VM) is the ventricular dilation unrelated to increased 
cerebrospinal fluid (CSF) pressure, due to causes such as brain dysgenesis or atrophy[7], 
with a birth prevalence of 0.3 to 1.5 per 1000 live births[8]. The term hydrocephalus refers 
to a pathological dilation of the brain’s ventricular system due to increased CSF pressure 
usually associated with altered CSF dynamics[9]; with obstruction being a common 
etiology[7]. Hydrocephalus is a clinical rather than an imaging/ultrasound (US) diagnosis 
as the ventricular pressures cannot be measured by prenatal US[10]. Hence, in fetal life, the 
common convention is to use the term VM, when there is a mild ventricular dilatation 
and hydrocephalus when the ventricles measure >15 mm or an obstructive etiology 
associated with increased CSF pressure is evident[7].

Etiology
The three main causes of fetal VM include cerebral parenchymal loss, obstructive causes, 
and overproduction of cerebrospinal fluid[11]. Particularly when isolated, VM may be due 
to chromosomal abnormalities (2%‑12%)[12], infection (5% but as high as 10%‑20% in cases 
of severe isolated VM[13]), or cerebral malformation[14]. The most common structural cause 
of fetal VM is aqueductal stenosis, in 20‑30%[10]. Inherited X‑linked disorders and rarely 

Table 1: The perspective classification  for  congenital hydrocephalus[3]

Stage Period of Gestation Stage of Neuronal Development
I 8‑21 weeks of gestation Cell proliferation
II 22‑31 weeks of gestation Cell differentiation and migration
III 32‑40 weeks of gestation (period of premature 

birth, if occurs)
Axonal maturation

IV 0‑4 weeks post‑natal (neonatal hydrocephalus) Dendritic maturation
V 5‑50 weeks post‑natal (infantile hydrocephalus) Myelination
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autosomal recessive traits have been implicated[14]. Several genetic syndromes associated 
with VM include Down syndrome, Walker‑Warburg, Bardet‑Biedl, Meckel, Joubert, and 
hydrolethalus syndromes[15]. Other causes include intraventricular hemorrhage, cortical 
development disorders, and other associated disorders such as hydranencephaly and 
holoprosencephaly[16].

Diagnosis
Diagnosis of fetal VM is primarily by antenatal ultrasonography[17]. Most international 
guidelines mandate a mid‑trimester anomaly scan including the measurement of the 
lateral ventricle in all fetuses[18]. Fetal cerebral VM is defined as atrial diameter >10mm 

Table 2: Common causes of  infantile hydrocephalus
Etiology Pathologies
Obstruction to CSF 
pathways

At the level of the foramen of Monro
Cysts ‑ Glioependymal cysts
Tumors ‑ Choroid plexus tumors, gliomas
Posthemorrhagic
Congenital

At the level of the third ventricle
Tumors

At the level of the Aqueduct of Sylvius
True obstruction
Diaphragm
Posthemorrhagic
Tectal tumor
Pineal tumor
Thalamic tumor
Vein of Galen vascular malformation

At the level of the fourth ventricle
Posterior fossa tumors:
Medulloblastomas
Ependymomas
Astrocytomas
Choroid plexus tumors
Pontine tumors (rare)
Dandy‑Walker malformations and variants

At the level of the foramen magnum
Chiari I malformation
Chiari II malformation
Upper cervical cord tumors
Arachnoid cysts

External 
hydrocephalus

Post‑traumatic
Superior vena cava obstruction
Idiopathic

Communicating 
hydrocephalus

Posthemorrhagic
Subarachnoid metastases

Astrocytoma
Medulloblastoma
Leukemia

Post infections
Tuberculosis
Pyogenic Meningitis

Increased venous pressure
Arteriovenous malformations
Stenosis of jugular foramen (osteochondrodysplasia, craniosynostosis)
Superior vena cava obstruction

Overproduction of 
CSF

Choroid plexus tumors
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on fetal ultrasound and can be categorized as mild (10‑12mm), moderate (13‑15mm), 
and severe (>15mm).

Fetal MRI is an excellent complementary investigatory modality that helps in the detection 
of associated abnormalities in approximately 50% of the cases[19], such as agenesis of the 
corpus callosum, agenesis of septum pellucidum, malformations of cortical development, 
and abnormalities of cerebrovascular system[20]. Early detection of these abnormalities 
may be of immense help in parental counseling and can direct further follow‑up[11].

Approximately 5% of cases of mild to moderate ventriculomegaly have been associated 
with karyotypic abnormalities with trisomy 21 being the most common[21]. Clinically 
significant additional information is obtained by chromosomal microarray in 6% of 
fetuses with structural abnormality and normal karyotypes[22]. Amniotic fluid TORCH 
PCR must be done, in all cases to rule out infectious causes[15].

Prenatal management
The role of intrauterine ventricular shunting is still limited as the results were not 
promising with unacceptably high complications, and hence a moratorium was issued 
in 1985 on further in‑utero procedures[15]. Obstructive causes such as isolated aqueductal 
stenosis would result in a favorable outcome. The planning of a fetal therapeutic 
ventriculo‑amniotic (VA) shunting should involve a multi‑disciplinary team including 
fetal medicine specialists, obstetricians, pediatric neurosurgeons, neonatologists, pediatric 
surgeons, and fetal anesthetists. However, there is still a lack of robust evidence favoring 
the effectiveness of VA shunting over postnatal management[23].

Postnatal management
Early delivery and management could be beneficial in prenatally diagnosed cases of 
hydrocephalus. However, this must be weighed against the risk of preterm births. The 
indication for postnatal surgery is severe progressive hydrocephalus and increased 
intracranial pressure (ICP). Postnatal treatment is by CSF diversion procedures for 
obstructive causes. The surgical treatment includes the use of different types of CSF 
reservoir devices, shunts, and endoscopic fenestration[24].

Prognosis
The prognosis depends on the severity of VM and presence associated anomalies. Isolated 
mild VM carries the most favorable prognosis[11]. The reported survival rates were 
98%, 80%, and 33% in mild, moderately severe, and severe cases of VM, respectively. 
Associated structural abnormalities were found in 75% of severe cases that presented 
with poor outcomes[25]. A meta‑analysis showed delayed neurodevelopmental outcomes 
in only 8% of patients with mild to moderate ventriculomegaly, and in 92‑95% of severe 
ventriculomegaly[11]. The reported survival rate of severe VM is 33%[25]. Severe VM with 
genetic and chromosomal associations such as X‑linked hydrocephalus carries the worst 
prognosis and a short life span[15].

Outline of management steps after diagnosis of VM
Step 1: Categorize VM into mild, moderate, or severe VM‑ severe VM indicates poor 
survival.

Step 2: Do fetal MRI to identify other structural abnormalities of the brain which if present 
portent a poor outcome.

Step 3: For mild and moderate VM advise amniocentesis for karyotyping, chromosomal 
microarray, and TORCH PCR screening

Step 4: If MRI and amniocentesis are reported normal‑ Counsel parents that their baby 
with isolated mild VM is likely to be normal. If fetus has moderate isolated VM, then warn 
parents that while favorable outcome is likely, their baby has a risk of neurodevelopmental 
abnormalities.

Neonatal and Infantile Hydrocephalus
Neonatal hydrocephalus occurs in the first 5 weeks of life. Infantile hydrocephalus is 
that which occurs during the first year of life (5 to 50 weeks). The spectrum, as discussed 
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above, may include both developmental and acquired etiologies. Prevalence estimates 
for infantile hydrocephalus vary between one and 32 per 10,000 births, depending on the 
definition used[6]. Of the various causes discussed earlier, IVH is the most common cause 
of secondary hydrocephalus in preterm infants. Nearly 90% of IVH’s in both preterm 
and term neonates occur within the first 72 hours with 50% of them occurring in the first 
24 hours after birth[26].

Evaluation of neonatal and infantile hydrocephalus
Clinical Manifestation in Preterm and term neonates:
IVH most commonly presents as seizures, followed by poor feeding and failure to thrive[26]. 
Premature infants often have other systemic problems like cardiopulmonary insufficiency, 
metabolic disorders, and immune deficiency and are often intubated and sedated. Under 
these circumstances, a smaller intracranial hemorrhage can easily go undetected.

Possible symptoms and signs include:
• Hypotonia
• Irritability/Lethargy
• Failure to thrive
• Vomiting
• Seizures (often subclinical)
• Ophthalmoplegia/Abnormal eye movements.

Larger haemorrhages, in addition to the above, can present with:
• Abnormal muscle tone and posturing
• Abnormally tight popliteal angle[27]

• Respiratory and cardiac irregularities (apnoea, bradycardia, hypotension)
• Metabolic acidosis
• Pupillary dilatation
• An unexplained drop of hematocrit by >10%.

If the hemorrhage progresses to hydrocephalus, additional signs of raised ICP may be 
seen. Head circumference enlarges by approximately 1 mm per day between 26 weeks 
of gestation and 32 weeks, and about 0.7 mm per day between 32 and 40 weeks. An 
abnormal increase in head circumference is defined as that >2.5 SD for age or crossing 
two major lines on the WHO growth chart for age. The occipitofrontal circumference 
should be measured after 24 hours of birth when molding and overriding of sutures 
have disappeared. Postnatally detecting a difference of 1 mm from day to day is difficult 
and the head growth of the premature infant is increased during the “catch‑up phase” 
when the infant can be fed adequately. This has to be differentiated from abnormal head 
circumference increase. A difference of 2 mm from one day to the next is not significant 
unless there is other evidence of raised ICP[28,29]:
• Bulging fontanelles with separation of sutures
• Distended scalp veins
• Upward gaze palsy (“sunset” eyes sign) ‑ Occurs due to pressure on the superior 

quadrigeminal plate against the free edge of the tentorium causing a supranuclear 
paresis. It may be intermittent, to begin with, but later becomes continuous.

• Unilateral or bilateral abducens nerve paresis
• Worsening of the apnea and bradycardia episodes.

However, an increase of 4 mm over 2 days is more likely to be real and an increase of 
14 mm over 7 days is definitely abnormal[30].

As elucidated by Nayak N et al.[27] PHH can present in mainly three temporal forms, based 
on the age of the patient, amount of IVH, and rapidness of development of hydrocephalus:
• Clinically silent/Asymptomatic: Detected only on routine cranial ultrasound, and 

supports the use of surveillance cranial ultrasonography[28].
• Saltatory: Evolving and fluctuating symptoms over a period of hours to days.
• Catastrophic: Occurs over minutes or hours and mimics the rapid neurological 

deterioration of an older patient with large intracranial hemorrhages (associated with 
an inferior prognosis); often requires urgent neurosurgical intervention in the form 
of CSF diversion.
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Clinical Manifestation in Infancy
Progressive enlargement of the head is the commonest manifestation, as the sutures have 
not united firmly. The head continues to enlarge and appears to be disproportionately 
larger than the rest of the body. Serial measurement of the head circumference can 
identify whether it is progressive (active) or arrested hydrocephalus. The clinical picture 
progresses from loss of interest in surroundings and listlessness to somnolence, persistent 
vomiting, and vision loss, to finally a decerebrate state[31].
• The clinical signs of raised ICP are similar to neonates, as mentioned above.
• The head is quite heavy and the child is unable to support it thereby delaying normal 

gross motor milestones.
• In older infants with closed fontanelles, a cracked pot sound may be heard on 

percussion of the head due to the separation of sutures (Macewen’s sign). This finding 
is a normal occurrence in infants with open fontanelles.

• Bruits over fontanelles on auscultation with the bell of the stethoscope indicates 
a vascular origin of hydrocephalus (vein of Galen aneurysm or other vascular 
malformations).

• Transillumination of the skull ‑ Normally, the halo of light around the rim of the 
illuminator extends up to 1 cm in the occipital region and up to 2 cm in the frontal 
region in term babies. Excessive transillumination indicates an abnormal collection of 
fluid as in hydranencephaly where the whole skull may glow or the Dandy‑Walker 
syndrome where the posterior part of the skull transilluminates owing to the fluid 
accumulation in the posterior fossa.

• Spastic paraparesis results from the distortion of paraventricular corticospinal tracts 
arising from the leg area of the motor cortex. These fibers have a longer distance to travel 
around the ventricles than those supplying the face and the upper limbs. Quadriparesis 
may also occur if upper limb fibers are involved, especially in advanced cases.

• Spine examination may reveal the presence of spina bifida, commonly associated 
with Chiari II malformations.

• Optic atrophy can occur due to compression of the chiasm and optic nerves by a 
dilated anterior portion of the third ventricle. Papilledema is rare because rising 
tension is easily buffered by sutural diastasis[32].

Apart from the neurological and head examination, a thorough general physical 
examination is essential, occasionally even in the siblings. Important points to be noted 
include:
• Signs of Anemia
• Signs of malnourishment
• Face for dysmorphic features. Tongue enlargement
• Eye examination – Cataract (TORCH infections), Lisch nodules (NF 1), a cloudy cornea 

in storage/metabolic disorders, Fundus‑ Papilloedema/optic atrophy in chronic 
disorders

• Back ‑ Spinal deformity. Open and closed neural tube defects
• Limb length discrepancy/shortening. Limb tone and power
• Neuro cutaneous markers ‑ Phakomatoses
• Abdomen ‑ Hepato/splenomegaly to rule out storage disorders. Abdomen and chest 

circumference
• Respiratory system ‑ Breathing pattern and rate, stridor
• Cardiovascular system – Cyanosis, signs of failure.

Radiological Evaluation of hydrocephalus
The availability of different surgical treatment options necessitates the precise 
classification of infantile hydrocephalus to be able to select the best treatment modality, 
avoid shunt insertion, and to be able to compare results. Neuroimaging has gained 
immense importance, to detect all possible obstructive pathological processes, from the 
ventricles to the cortical subarachnoid compartment. Magnetic resonance imaging (MRI) is 
the single and best imaging modality for covering all of the imaging demands, providing 
one‑stop solution. Besides anatomical information, it also may give information on CSF 
flow dynamics[33].

Skull Radiographs
In current practice, the use of skull radiographs is limited to determining shunt continuity 
and programmable valve settings.
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Classically features of hydrocephalus on radiographs in children include widening of 
the sutures beyond 3 mm, increased digital marking, and erosion of the dorsum sellae. 
Depending on the etiology, lytic lesions of the skull may be seen in lymphoma, leukemia, 
and histiocytosis X, and specific changes such as those seen in achondroplasia may be 
found. Regional calcifications may indicate a specific cause such as pineal teratoma[34].

Trans‑fontanelle Cranial Ultrasonography (tcUS)
This modality reliably delineates ventricular size and anatomy in small infants and is the 
initial imaging modality used to evaluate ventriculomegaly, and intracranial anatomy and 
to identify structural pathologies and developmental anomalies. It has a very important 
role in the initial assessment and follow‑up of premature infants, as elucidated in the 
subsequent section[35]. It provides direct and accurate data about the ventricular size, 
exact location and extension of hematomas, cortical mantle thickness, and periventricular 
white matter condition. With today’s advanced hardware, cranial ultrasonography has 
a sensitivity and specificity >91% each.

Technique of tcUS
It is performed through the open anterior fontanelle and occasionally posterior fontanelle. 
Images of the posterior fossa are obtained using the mastoid fontanelle, which can remain 
open up to 2 years of age. As the anterior fontanelle closes between 9 to 15 months of age, 
it typically allows reliable brain imaging for at least the first 6 months of life. A linear array 
or sector transducers of 7.5‑MHz or higher frequency are used. A 5‑MHz transducer may 
be required in term or larger infants. Higher frequency transducers of 10 MHz or more are 
used to evaluate superficial structures such as the cerebral cortex, superior sagittal sinus, 
or extra‑axial space. Color and spectral Doppler are used to evaluate vascular anatomy, 
patency of arterial and venous structures, congenital vascular anomalies (such as a vein 
of Galen malformations), intracranial masses, and evaluation of superficial vessels in 
cases of enlarged extra‑axial fluid spaces. Images are initially obtained in coronal and 
sagittal planes and six standard planes are recommended. Color Doppler can be used to 
separate avascular clots from the choroid plexus, which has contained vessels. As with 
any intraventricular hemorrhage, the echogenicity within the periventricular cerebral 
parenchyma is due to white matter venous infarction, most commonly involving frontal 
and parietal lobes. Table 3 summarises the various linear measurements in tcUS used to 
evaluate ventriculomegaly.

Thalamo‑occipital distance is an early indicator of post‑hemorrhagic ventricular 
dilatation (PHVD) as the occipital horns are the first to enlarge[41]. A ventricular index 
of >97th centile + 4 mm, anterior horn width of >6mm, and thalamo‑occipital distance 
of >97th centile + 4mm are generally accepted as cut‑offs for intervention.

tcUS in PHH
The initial hemorrhage often occurs in the first post‑natal week. Like all intraparenchymal 
hemorrhages, the hemorrhage initially appears homogenously hyperechoic, then 
heterogeneous, and eventually hypoechoic with time. Further ventricular dilatation results 
in progressive hydrocephalus, usually after the third week. This time interval is important 
as ventricular dilatation can occur without clinical evidence and contribute to otherwise 
preventable brain damage. In addition, a primarily minor hemorrhage (grade I–II) can 
extend to a major one (grade IV) with subclinical evidence in an intubated and sedated 
infant. For these reasons, many recommendations have been formulated focusing on the 
screening usage of ultrasound, discussed further below.

tcUS in the screening of infants
Infants with lower gestational age and/or birth weight are at greater risk and should be 
scanned more often. Canadian and European guidelines vary on the frequency of tcUS, 
but both recommend its routine use in term, and more so in preterm infants.

As per Canadian guidelines for PHH[42], the initial tcUS is done before day 5 of life, a 
second one during the second week (days 10–14), and a third on day 28. Generally, at least 
one tcUS per week should detect all cases of germinal matrix hemorrhage and detect any 
significant change in the ventricular size. If ventricular dilatation is treated with surgical 
interventions (ventricular taps, reservoirs, drains, lumbar puncture), more frequent tcUS 
should be considered for follow‑up.
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European studies recommend that if the neonate is <28 weeks of gestation or <1000 g birth 
weight, serial tcUS must be done on days 1, 3, 7, 14, 21, and 28 followed by every 15 days 
until term‑equivalent age[43]. If >28 weeks of gestation, serial tcUS is recommended on 
days 1, 3, 7, 14, 28, at 6 weeks of age, and the term‑equivalent age[43]. Scans in the first 72 
hours detect 90% of IVH and subsequent scans detect PHVD.

Some of the other applications of tcUS in infantile hydrocephalus are elucidated below:
1. Vein of Galen malformation: Vein of Galen malformation (an arteriovenous 

malformation (AVM)) occurs as a result of the failure of regression of primitive 
median prosencephalic vein of Markowski and its replacement by internal cerebral 
veins. The resultant AVM is due to a fistulous connection between cerebral arteries 
and this primitive vein. There are two types of vein of Galen malformations, 
choroidal (90%) and mural. The AVM of the more common choroidal type is one 
where numerous arteries connect with the dilated prosencephalic vein. Neonates 
present early due to high output cardiac failure and intracranial bruit. The tcUS shows 
an anechoic, pulsatile, vascular mass in the midline posterior to the third ventricle. 
The aneurysmally dilated vein drains into a dilated straight sinus that drains into the 
sagittal sinus to transverse/sigmoid sinus and into the internal jugular veins, all of 
which are usually dilated. Spectral Doppler shows elevated velocities with dampened 
pulsatility in the feeding arteries and arterialization of the draining veins. Mural 
type AVMs present later in infancy due to hydrocephalus or seizures and are due to 
a direct arteriovenous fistula.

2. Chiari malformation: Type II is most common in childhood and is found in almost all 
patients with myelomeningocele. The tcUS shows an enlarged massa intermedia, pointing 
of the anterior aspects of the lateral ventricles and nonspecific colpocephaly (occipital 
horns of lateral ventricles are larger than the normal‑sized frontal horns). There may be a 
partial or total absence of the corpus callosum, but most importantly for the diagnosis is 
a small posterior fossa and non‑visualization of the cisterna magna due to its effacement 
by the downward displacement of the infratentorial contents into the upper cervical 
spine. The downwardly pulled cerebellar hemispheres become banana in shape rather 
than maintaining a normal peanut shape, and there is a small or absent 4th ventricle.

Table 3: Linear measurements  for  ventriculomegaly on  trans‑cranial 
ultrasound
Measurement Description Normal Mean Value Formula[36]

Ventricular 
Index (VI)

Most commonly used measurement. The 
distance between the midline and the 
lateral border of the lateral ventricle on 
coronal tcUS images at the level of the 
foramen of Monro[37]

As per graph (Levene et al)[38]

Anterior Horn WidthThe distance between the medial wall and 
floor of the lateral ventricle at the widest 
point, on coronal view just anterior to the 
thalamic notch/at the level of the foramen 
of Monro[39].

0.71+0.019×GA (weeks)

Thalamo‑Occipital 
Distance

The posterior‑most point of the thalamus, 
at its junction with the choroid plexus, to 
the outermost part of the occipital horn 
posteriorly4024.7‑42.6 weeks. Measured 
in an oblique parasagittal plane that best 
demonstrates the entire ventrodorsal length 
of the lateral ventricle. 

13.5+0.109×GA (weeks)

Third Ventricle 
Width

Measurement of inner edge to the inner 
edge of the third ventricle at a line passing 
through the foramen of Monro[36].

0.064+0.033×GA (weeks)

Fourth Ventricular 
Width and Length

Measured in an oblique/transverse plane 
through the posterior fossa with the 4th 
ventricle visualized as a triangle. Width: 
The distance between the lateral recesses 
and forms the base of the triangle. Length: 
The distance from the base to the apex of 
the triangle (apex is the caudal part of the 
cerebral aqueduct)[36].

Width
1.33+0.14×GA (weeks)
Length
4.24+0.017×GA (weeks)
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3. ICP monitoring in Infantile Hydrocephalus: ICP monitoring is needed in infants with 
CSF diversion procedures for detecting shunt malfunction/post endoscopic third 
ventriculostomy and in monitoring children with arrested hydrocephalus. This 
can be done either with invasive (manometric measurement through a reservoir), 
or non‑invasive methods like Doppler ultrasound[44]. Transcranial pulsed Doppler 
imaging of cranial blood flow is useful in the evaluation of cerebral vasculature 
particularly when decreased blood flow is a cause of concern for infarction or 
rising intracranial pressure causes a decrease in the velocity of blood flow. It 
provides an easily repeatable means of monitoring ventricular size and consequent 
cerebro‑hemodynamic changes which would help determine the need for ventricular 
shunting. The measurement of ICP and cerebral blood flow velocity are currently one 
of the best ways of assessing the need for CSF diversion and monitoring subsequent 
shunt function[33].

Computed Tomography (CT)
CT Brain is the simplest means of obtaining brain images as it is easily available, fast, 
reliable, and compatible with standard life support devices. Different examinations for 
follow‑up can be easily compared. Children often do not have to be sedated with modern 
fast scanners. The nature of the obstruction can be obvious with CT because of significant 
ventricular dilatation proximal to an obstruction, with normal‑sized or even compressed 
distal ventricles, although not in sufficient detail.

Therefore, in the era of the presence of modern treatment options for hydrocephalus, 
CT does not usually provide adequate information to meet all the necessities of the 
neurosurgeon. However, CT has been most commonly informative in patients with 
aqueduct stenosis and with dilatation of the lateral and third ventricles in conjunction with 
a normal‑sized fourth ventricle and small subarachnoid space. Also, the isolated lateral 
ventricle and isolated fourth ventricle could be easily diagnosed using CT. Furthermore, 
an enlarged ventricular system does not necessarily mean hydrocephalus; it must be 
distinguished from atrophy. Many ratios and measurements have been published. The 
most popular is the Evans ratio, which is calculated using an axial section on a CT scan. 
This ventricular index is the ratio between the intraventricular diameter at the level of the 
frontal horn and the inner skull diameter at the same level. This ratio is very seldom used 
in clinical practice for many reasons, the most important being the fact that ventricular 
enlargement is not homogeneous. In hydrocephalus, ventricular enlargement occurs first 
at the level of the occipital horns.

Follow‑up of cases after shunt insertion is easily made with CT. The ventricle size decreases 
from shunt insertion to up to 12 months postoperatively and then, usually, remains stable. 
Therefore, the 1‑year follow‑up scan is the most useful baseline for long‑term follow‑up. 
However, as shunt failure is common in the first year, it is best to obtain a 3‑month scan 
in addition. These children need lifelong follow‑up and investigation of any suspected 
shunt malfunction with a CT. Therefore, ionizing radiation is the most important concern 
in the follow‑up of the pediatric patient with a shunt.

Use of low dose CT scan brain for follow up patients: 256 CTs of the head in children aged 
from 1 month to 18 years with hydrocephalus or suspected ventriculoperitoneal shunt 
failure were studied with low dose CT scan brain and normal dose scan. No significant 
differences were found in the imaging of supracerebral fluid spaces between both 
groups[45]. Although the quality of images obtained in scans with lower mAs values is 
slightly worse, it is still sufficient for the evaluation of basic brain structures, the degree 
of widening of the ventricular system, location of the catheter, or recent bleeding. Such 
examinations are following the ALARA principle[46] which, especially in children, should 
be taken into account when choosing the diagnostic protocol.

Magnetic Resonance Imaging (MRI)
MRI is the examination of choice for showing dilatation of the ventricular system, 
differentiating the ventriculomegaly from hydrocephalus, and revealing the underlying 
cause. These are usually informative to demonstrate the pathologic signal intensities 
within the brain parenchyma, evaluate the size and the shape of the ventricles, and 
show most of the space‑occupying lesions both in intra‑axial and extra‑axial locations.
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In current practice, MRI is used to decide the best treatment modality, including 
endoscopic procedures and shunt insertion, and to stereotactically guide the surgical 
procedure.

Although various MR cisternography and motion‑sensitive MRI techniques (spin 
echo [SE], turbo spin‑echo [TSE], steady‑state free precession [SSFP], three‑dimensional 
constructive interference in the steady‑state [3D CISS], reverse fast imaging with 
steady‑state precession [PSIF], spatial modulation of magnetization [SPAMM], and cine 
phase‑contrast [cine PC]) have been applied, 3D CISS or equivalents, TSE or FSE, and cine 
PC have gained wide acceptance in evaluating the CSF flow and cisternal anatomy[47].

Gradient echo (GRE) T2 or susceptibility‑weighted imaging (SWI) easily detect the previous 
hemorrhage in the ventricles and cisterns. In presence of severe previous hemorrhage 
superimposed to basal cisterns and ventricles, shunt insertion may be the best alternative 
even if there is no direct sign of obstructive membranes in the cisterns or ventricles or 
both in the 3D CISS sequence.

3D CISS sequence combines the high signal‑to‑noise ratio with extremely high spatial 
resolution and high CSF/brain tissue contrast. The main advantage of 3D CISS has been 
not only demonstrating fine anatomical details and membranes within the CSF spaces 
but in detecting encysted CSF intensity structures that may be missed on standard T2 
imaging and may play an important role in the management of the patient.

Cine phase‑contrast: Cardiac‑gated cine phase‑contrast MRI is the only technique currently 
available to observe CSF flow noninvasively. The phase‑contrast technique provides “to and 
fro” CSF flow velocity and direction during a single cardiac cycle with a specially designed 
flow‑sensitive GRE sequence. Flow in the craniocaudal direction is encoded in shades of 
white whereas flow in the caudocranial direction is encoded in shades of black. A qualitative 
sagittal image is useful for demonstrating CSF motion at various points in the midline. It is 
very sensitive to demonstrate reduced or hyperdynamic flow. Integrating the volumetric 
flow rate over time permits the calculation of an aqueductal CSF “stroke volume”.

CSF flow is driven by the expansion of the arteries during cardiac systole. When the 
volume of arteries increases during systole, the expansion of the volume leads to the 
expulsion of the CSF from the periphery of the brain towards the basal cisterns and 
the foramen magnum. The ventricular CSF is expelled from the ventricles towards the 
foramen of Monro, the fourth ventricle, and the posterior fossa. During diastole, the 
phenomenon is reversed and most of the flow ascends to the foramen magnum refilling 
the subarachnoid spaces from the reservoir accumulated in the spinal canal during 
systole. Through the cerebral aqueduct, the flow refills the lateral ventricles. In obstructive 
hydrocephalus, this technique is the first and, so far, the only method by which the 
absence of flow in a given structure can be objectively assessed. Unilateral atresia of the 
foramen Monro and aqueduct stenosis may be easily confirmed.

Diffusion Tensor Imaging (DTI) and Hydrocephalus
While accumulating evidence implicates damage to various white matter structures as 
one of the major neurobiological mechanisms underlying poor behavioral outcomes 
in children with hydrocephalus, current evaluation of such damage remains limited. 
DTI is a unique magnetic resonance technique that exploits differences in the diffusion 
properties of water molecules in tissues. Preliminary clinical studies have shown that 
DTI is a sensitive imaging tool for investigating white matter damage as well as the 
extent of recovery in hydrocephalus[48]. The periventricular white matter and corona 
radiata in children between 12 and 18 years exhibited increased pre‑operative fractional 
anisotropy (FA) that returned to normal postoperatively. In contrast, the corpus callosum 
was found to have low FA pre‑operatively which did not respond to cerebrospinal 
fluid diversion. Most DTI measurements, however, return to normal postoperatively 
thereby supporting its use as a non‑invasive imaging tool in the diagnosis, treatment, 
and postoperative follow‑up of pediatric hydrocephalus[49].

Fast‑sequence MRI (fsMRI)
Traditional MR images require longer acquisition time and sedation, which results in 
an increased risk from anesthetic administration. fsMRI minimizes both components, 
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the duration and thereby the need for sedation. Imaging sequences include an axial 
T2‑weighted half‑Fourier acquisition single‑shot turbo spin‑echo (HASTE), coronal 
T2‑weighted HASTE, and sagittal T2‑weighted HASTE images. In a cohort study of 
200 patients by Daxa Patel et al. fsMRI studies were shown to have excellent overall 
quality and a high degree of interrater reliability[50]. Consequently, they proposed that 
fsMRI is a sufficiently effective modality that eliminates the need for sedation and the 
use of ionizing radiation and that it should supplant CT for routine surveillance imaging 
in hydrocephalic patients.

Disadvantages of fsMRI include difficulty in viewing blood products, pneumocephalus, or 
implanted devices due to insensitivity to T2 changes. Communication between ventricular 
and cystic loculations cannot be determined since contrast material is not used.

Table 4 summarises the advantages and disadvantages of the three imaging modalities 
used in the management of infants with hydrocephalus.

The diagnosis of hydrocephalus with CT and MRI is made when the ventricles are 
enlarged in the absence of cerebral atrophy however there are other concrete features 
of hydrocephalus seen that may aid decisions on management in cases of ambiguity.
• Enlargement of the recesses of the third ventricle ‑ The chiasmal and infundibular 

recesses seem to enlarge earlier and more severely than the suprapineal recesses. 
The assessment of the shape and size of the anterior part of the third ventricle in 
midsagittal high‑resolution images is of particular importance.

• The anterior wall of the third ventricle becomes straightened and the floor of the third 
ventricle becomes straightened or convex downwards on sagittal images.

• Mamillo‑pontine distance is decreased by downwards displacement of the floor of 
the third ventricle.

• Dilatation of the temporal horn in the absence of perisylvian atrophy – A reliable sign 
of hydrocephalus is disproportional dilatation of the temporal horn. The configuration 
of temporal horn enlargement is characteristic in both the coronal and axial planes. 
The hippocampus is compressed and displaced infero‑medially, and the choroidal 
fissure is usually enlarged. Temporal horns dilate less than the bodies of the lateral 
ventricles in patients with cerebral atrophy. The Sylvian fissures should always be 

Table 4: A comparison of  the  three basic and commonly used neuraxial 
imaging modalities
Imaging Features Limitations
Neurosonogram 
(tcUS)

Fairly accurate
Inexpensive
Bedside screening tool through an open fontanelle
Followup of infants with known ventriculomegaly

Posterior fossa 
visualization is limited

Computed
Tomography (CT)

A fast, efficient way to determine the size of 
ventricles
Useful in emergency settings
More widely available than MRI
CT ventriculography assesses the efficacy of 
ETV and other endoscopic procedures such as 
aqueductal stenosis stenting and arachnoid cyst 
fenestration.

Inferior anatomical details 
& ionizing exposure 
(1 in every 97 children 
who undergo a CT 
scan have a risk of a 
fatal malignancy in their 
lifetime)

Magnetic 
Resonance 
Imaging (MRI)

Gold standard to visualize the ventricular system 
and associated anomalies.
Sagittal steadystate T2 imaging is helpful to evaluate 
the suitability of ETV and the functioning of the 
ventriculostomy.

Phasecontrast sequences ® ‑ CSF flow velocity and 
the direction of flow.

DTI ® ‑ Microstructural changes in the white matter.

ASL perfusion imaging ® ‑ Measure cerebral blood 
flow without the need for contrast or radio‑isotopes 
and shows a quantified map of rCBF. 

Cost
Limited availability
Difficult to obtain an 
optimal study in irritable/
uncooperative children 
without sedation.
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studied to assess the degree of temporal lobe atrophy before enlargement of the 
temporal horn is used to make a diagnosis of hydrocephalus.

• Symmetric periventricular interstitial edema ‑ When pressure within the ventricular 
system is increased, normal centripetal bulk flow of CSF into the ventricular system 
reverses. Pressure gradients force intraventricular CSF into the extracellular spaces 
of the brain through the ependymal lining of the ventricles. The CSF flows through 
to brain parenchyma to sites of CSF absorptions. The consequently increased water 
within the cerebral parenchyma can be detected. On CT, it appears as hypodensity 
in the periventricular region and the ventricular lining becomes indistinct. On MRI 
there is a hyperintense rim surrounding the lateral ventricles in the fluid‑attenuated 
inversion recovery (FLAIR) or proton density images.

• Effacement of cortical sulci ‑ Enlargement of the ventricular system to a degree that 
is disproportionate to the enlargement of the cortical sulci may be an indicator of 
hydrocephalus. However, in pediatric patients, this parameter is often misleading 
as the size of the ventricles and subarachnoid spaces is variable over the first 2 years 
of life.

• Absence of CSF flow void phenomenon ‑ The flow void is usually a normal physiologic 
phenomenon. While its absence is usually indicative of an obstructive lesion, the 
demonstration of flow void means a functional stoma. A T2‑weighted image obtained 
with a TSE sequence is the best choice to investigate CSF flow voids.

• Stretching, thinning, and displacement of the corpus callosum
• The demonstration of the obstructive membrane itself. Only membranes that could 

be followed all the way and divide anatomic regions completely into two or more 
parts are accepted as obstructive membranes.

Post Hemorrhagic Hydrocephalus
IVH although not unseen in term infants, is particularly common in low birth weight (LBW) 
and preterm neonates[51]. It is due to an inherently fragile germinal matrix along with 
disturbances in cerebral blood flow and in some infants, platelet disorders[52]. As sequelae 
to blood within the ventricles, impaired cerebrospinal (CSF) flow and reabsorption may 
result. This may further lead to posthemorrhagic ventricular dilatation (PHVD) and 
increased ICP, together constituting post‑hemorrhagic hydrocephalus (PHH).

India has the highest number of preterm (<37 completed weeks of gestation) births in 
the world, with 13% of all births being preterm[53]. Prematurity and LBW are associated 
with a 25%–30% incidence of IVH with lower gestational ages having a higher risk[54]. The 
risk increases significantly with a birth weight of <1500 g and nearly half of the infants 
with a birth weight of 500–750 g are likely to suffer from IVH[53,55]. PHVD develops in 
25%–50% of neonates with IVH with 40% of them requiring some form of treatment for 
hydrocephalus[56–60].

Pathogenesis and Mechanisms
Preterm infant
The germinal matrix is a highly vascular layer in the subependymal zone that houses 
neuronal stem cells. It starts to involute at 28 weeks and is usually absent at term[61]. This 
is the most common site of hemorrhage in preterm infants with IVH[62]. Several factors 
contribute to this increased risk of IVH, namely:
1. The angiogenic blood vessels within the germinal matrix have a paucity of pericytes, 

immature basal lamina, and a deficiency of endothelial tight junctions which make 
them inherently prone to rupture[63].

2. Fewer supporting glial cells and physical reinforcement to blood vessels[63].
3. The venous drainage in a preterm infant is prone to stasis and increased cerebral 

venous pressure[63].
4. Ill‑developed autoregulatory mechanisms: In preterm infants, fluctuations in systemic 

blood pressures cause wide changes in cerebral blood flow due to ill‑developed 
autoregulatory mechanisms[64,65].

Term infant
In term infants, the posterior tufts at the glomus in the choroid plexus are the most 
common site of hemorrhage[62]. Less common sites include residual subependymal 
germinal matrix near the thalamo‑caudate groove and the thalamus[62,66]. The cause is 
usually due to an external/systemic pathology with intraventricular hemorrhage being 
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a consequence, rather than the primary pathology. Frequent causes include:
1. Hemorrhagic disease of the newborn
2. Cerebral venous/sinus thrombosis
3. Traumatic delivery/Forceps delivery
4. Thrombocytopenia/Coagulation disorders/Disseminated intravascular coagulation.

Post Hemorrhagic Hydrocephalus
IVH can lead to posthemorrhagic hydrocephalus via one or more of the mechanisms 
enumerated below:
1. Physical obstruction to CSF flow: The blood clot may obstruct CSF flow at the foramen 

of Monro, third ventricle, Sylvian aqueduct, fourth ventricle, or a combination of these 
sites[51].

2. Micro‑emboli from the clot can obstruct vascular drainage pathways in arachnoid 
granulations causing impaired CSF resorption[51].

3. Deposition of extracellular matrix following IVH leads to decreased trans‑ependymal 
CSF absorption[67].

4. Blood products may cause chemical meningitis leading to subarachnoid adhesions 
and alterations in CSF flow[67].

Neuronal injury ensues both due to the direct disruption of neurons by IVH as well as 
indirectly through decreased cerebral perfusion due to direct mechanical pressure by 
the clot, inflammatory response to the blood, and increased intracranial pressure due to 
the development of PHH[68].

Classification and Grading
The grading system for germinal matrix hemorrhage in premature infants was originally 
described by Burstein and Papile in 1979[69] [Table 5]. The morbidity and mortality due to 
IVH increases with the grade, ranging from 5% in grade I to 90% in grade IV[70].

A similar classification system is in use for term infants with grades I and II portending a 
good prognosis and spontaneous resolution, and grades III and IV requiring intervention[71].

Screening and Diagnosis

tcUS has been widely accepted as a reliable method to diagnose intraventricular 
hemorrhage and hydrocephalus in infants as has been discussed above. Ventriculomegaly 
is described as ventricular enlargement with a ventricular index >97th percentile. tcUS is also 
a better choice than MRI for preterm and unstable infants during the first week of life[72].

Due to high cerebral compliance in a preterm infant, small pressure increases can cause a 
notable increase in ventricular size. Moreover, preterm infants have larger extracerebral 
spaces requiring a significant degree of ventricular dilatation to manifest as increasing 
head circumference and a bulging fontanelle[73]. Direct visualization and measurement of 
the ventricle size and Evans ratio are superior to clinical methods in the early detection 
of PHVD[74]. Hence, tcUS, which is easy to perform and involves no radiation exposure, 
is the method of choice for both detection of IVH and follow‑up for PHVD.

Recent studies propose that early treatment (>97p to 97p +4 mm) could have an impact 
on the neurodevelopmental outcome and shunt‑free survival rate, and early treatment is 
defined as an intervention done after the ventricular dilation has reached the 97th centile 
but before crossing the >4 mm above 97th centile threshold[59,75,76]. Curves described by 
Levene are commonly used; they do not include preterm infants at less than 27 weeks[38]. 
Therefore, the curves defined by Boyle M[77] or Brouwer AJ can be used for infants below 

Table 5: Burstein and Papile grading of germinal matrix hemorrhage  in 
preterm  infants69

Grade Description
Grade I Isolated germinal matrix hemorrhage
Grade II Intraventricular extension of hemorrhage with normal ventricular size
Grade III Intraventricular hemorrhage with dilated ventricles
Grade IV Grade III+Extension into adjacent brain parenchyma
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27 weeks’ gestation[40]. Newer methods that have been applied include doppler[78], flash 
visual evoked potential, amplitude‑integrated electroencephalography that can aid in 
the monitoring of increased ICP even before clinical manifestations appear[79], and 3D 
ultrasound[80], which can give us a more accurate characterization of ventricle dilation 
measures.

As ventricular measurements are only the visible result of a complex physiologic process, 
the systematic use of multimodal neuromonitoring, including Near‑Infrared Spectroscopy 
and transcranial doppler in the care of premature infants with PHVD, can lead to a better 
physiologic understanding of the effect of surgical treatment on cerebral physiology and 
neurodevelopmental outcomes[81].

Management

The management of PHVD involves temporizing treatment of hydrocephalus, removal 
of blood clots within the CSF, and evaluation of the preterm baby till placement of a 
permanent CSF shunting device is no longer contraindicated. Several treatment options 
have been proposed, though a consensus on the best treatment options is still to be 
reached[82,83].

Mechanisms proposed in medical management:
1. Targeting cytokines
2. Removing physical obstruction
3. Attenuating brain injury after IVH
4. Reducing ventricular dilatation and cell death.

Strong evidence recommends against the use of tissue Plasminogen Activator and diuretics 
such as Furosemide and Acetazolamide. Postnatal phenobarbital and indomethacin have 
also proved to be ineffective [Table 6].

Unlike adults, a permanent CSF diversion procedure (ventriculoperitoneal or 
ventriculo‑pleural shunt) for PHVD is not recommended in preterm and term neonates 
for the following reasons:
1. The preterm peritoneal cavity has poor absorptive capability.
2. Small jugular vein caliber, for ventriculoatrial shunts.
3. Preterm and term neonates have a poor tolerance to surgical procedures.
4. The immature immune system of the neonate predisposes to shunt infections.
5. Shunt tunneling poses a technical challenge in the neonate due to fragile skin and 

minimal subcutaneous fat/tissue.
6. Intraventricular hemorrhage – Blood products may obstruct the shunt valve and 

cause shunt failure.

As an alternative to permanent CSF diversion, various temporizing measures have 
been tried to buy time and clear ventricular blood products, till the infant can tolerate a 
ventriculoperitoneal shunt, or less commonly, no longer needs CSF diversion [Table 7].

Ventricular punctures are not recommended in the control of ventricular dilation because 
of the high risk of porencephalic cyst development and higher CSF infection rates. This 
procedure should only be considered in cases of extreme urgency when the patient’s life 
is at risk, and there is no other method available[86].

Ventriculo‑subgaleal Shunts
Of the various temporizing measures, VSGS, with or without neuro endoscopic 
lavage (NEL) is the most promising[98] as it avoids the disadvantages of repeated breach 
of skin while providing a resorptive surface and a large subgaleal reservoir for CSF to 
collect. The procedure entails a skin incision (under local anesthesia and sedation, or 
general anesthesia) over the lateral aspect of the anterior fontanelle with the creation of a 
10 x 10 cm temporoparietal subgaleal pocket extending till the vertex posteriorly, ear lobe 
laterally, and across midline medially[91]. 3 cm of the ventricular catheter is introduced in 
the lateral ventricle, fixed to the dura, and 2‑3 cm length placed into the subgaleal pocket 
without a valve or with a low pressure valve[91].
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Neuro Endoscopic Lavage
NEL involves ventricular irrigation with the use of an endoscope. Schulz et al.’s hypothesis 
was based on the results of the DRIFT trial that suggested that removing the hematoma 
would eliminate the pro‑inflammatory cytokines, iron, and free radicals and reduce the risk 
of progression of hydrocephalus. The procedure includes an endoscopic ventricular entry on 
the side with a larger clot load, continuous irrigation with warmed (37ᴼC) Ringer’s Lactate 
with passive continuous drainage. Multiple studies have demonstrated its safety and efficacy 
compared to other surgical temporizing measures[102,103] Patients undergoing NEL have a 
decreased rate of conversion to VP shunt[104], however, these studies have potential limitations, 
including the design of the studies and the small patient sample. Significantly lower rates 
of infection and multiloculated hydrocephalus were demonstrated when compared to 
conventional methods and VSGS[102] along with better neurodevelopmental outcomes[103–106].

This procedure is technically feasible, but there is insufficient evidence as of today, to 
recommend its routine use[102,103].

Timing of Intervention
PHVD may occur 7‑14 days after IVH[107]. Intervention is initiated based on the tcUS 
findings or based on clinical signs of raised intracranial pressure such as bulging 
fontanelles, splayed sutures, sunsetting sign, rapid increase in head circumference, and 
bradycardia. In tcUS, the most common measurement used is the ventricular index. 
Close surveillance is recommended if the ventricular index crosses the 97th centile line 
on Levene’s chart and intervention is recommended beyond the 97th centile + 4 mm. The 
anterior horn width is plotted on Davies’ graph. A width of more than 6 mm indicates 
moderately dilated ventricles, necessitating intervention, and >10 mm, severely dilated, 

Table 6: Current  evidence  in  the management of PHH.
Level of Evidence Treatment Recommendation 
Level I Non‑surgical temporizing 

measures: Intraventricular 
thrombolytic agents (tissue 
Plasminogen Activator, Urokinase, 
Streptokinase)

Not recommended
No difference in mortality and need for 
shunt placement in premature infants 
with PHH, compared to those without the 
intervention. 

Level I DRIFT (Drainage, Irrigation, 
Fibrinolytic) – Reducing 
pro‑inflammatory cytokines and 
decreasing ICP and PHVD.

Not recommended
No decrease in shunt dependence or 
neurological disability. Increased risk of 
secondary IVH116,117.

Level I Non‑surgical temporizing 
agents (Acetazolamide and 
Furosemide) 

Not recommended
No difference in mortality and need for 
shunt placement in premature infants 
with PHH compared to those in whom 
diuretics were not administered.
Worse neurodevelopmental outcomes 
were noted with diuretics118.

Level II Routine use of serial lumbar 
punctures (10 ml/kg daily CSF 
drainage over 2‑3 weeks)

Not recommended
No reduction in disability or need for 
ventriculoperitoneal shunts. Increased 
risk of infection86.

Level II Surgical temporizing 
measures ‑ Ventricular access 
devices (VAD)/reservoirs, 
external ventricular drains (EVD), 
ventriculo‑subgaleal (VSG) shunts 

Are viable treatment options in the 
management of PHH but require clinical 
judgment.
As compared to VADs, VSG shunts 
reduce the need for daily CSF aspiration 
and therefore, may reduce the risk of 
CNS infection.

Level III Specific weight or CSF parameter 
to guide the timing of shunt 
placement.

Insufficient evidence

Level III Endoscopic third ventriculostomy 
in the treatment of PHH

Insufficient evidence

Level III Neuro‑endoscopic lavage in the 
treatment of PHH

A feasible and safe option for removing 
intraventricular blood products and may 
lower the rate of shunt placement103
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irrespective of gestational age. A study of 127 preterm infants by Leijser et al. has shown 
results in favor of tcUS based decisions on intervention as opposed to clinical/raised 
intracranial pressure‑based decisions[108]. A recent multicenter randomized controlled 
trial of infants with PHH reviewed lumbar punctures initiated at different ventricular 
sizes. The study concluded that earlier intervention, at a smaller ventricular size, was 
associated with lower odds of death or severe neurodevelopmental disability[109].

The transition from temporizing measures to permanent diversion
• When clinical signs of active hydrocephalus recur due to VSGS malfunction (collapsed 

subgaleal pouch or tense subgaleal pouch), conversion to a permanent VP shunt is 
considered if general clinical conditions are stable, the patient’s weight is over 2000 g, 
and hemorrhage has resolved on tcUS/MR.

• In the case of previous abdominal surgery, conversion to ventriculoatrial shunt is 
indicated. It is performed if the diameter of the jugular vein is adequate and the 
patient’s weight is over 5000 g.

Table 7: Comparisons between  the various surgical  temporizing methods  in 
current practice
Temporizing Methods Advantages Disadvantages
Serial lumbar 
punctures (LP)

Mixed results on effect on cessation 
of progression of the hydrocephalus, 
from no effect[84] to a benefit in 75% 
of infants[85].

Daily LPs are burdensome for the 
performing surgeon as well as the 
infant.
Recent recommendations 
suggest performing a maximum 
of 3 LPs, and if ventricular dilation 
progresses, another intervention 
should be considered[86].
Needs a large volume of CSF 
drainage at every LP.
Risk of infection.

External ventricular 
drains

Continuous drainage of sufficient 
CSF to reduce ICP.
Familiar to most surgeons
Resolves PHH/avoids the need for 
permanent CSF diversion in 30‑40% 
of infants[87–90]

The risk of infection ranges from 
5.4% to 40%[91,92].
Hyponatremia due to external CSF 
drainage.
Inadequacy of subgaleal tunneling 
due to the fragile thin scalp.

Ventricular access 
devices/reservoirs

More controlled CSF aspiration and 
easy accessibility to CSF compared 
to serial LPs.
Less morbidity and mortality 
compared to EVDs[93]

Increased need for permanent CSF 
diversion compared to EVDs[94‑96]

Hyponatremia
Damage to the skin from multiple 
taps

Ventriculo‑subgaleal 
shunts

Reduces the need for daily tapping.
Decreased risk of infection 
compared to EVDs and VADs
Lower incidence of slit ventricles[97]

Avoids risk of hyponatremia[98]

Some reports suggest a lower need 
for VP shunts when compared to 
VADs[99]

May be placed in the intensive care 
unit, a viable option for patients in a 
critical clinical condition[98]

Abrupt CSF drainage externally 
leads to hemorrhage[98]

Subdural hygromas
Scalp dehiscence/CSF leak[98]

Catheter migration into 
ventricles100/subgaleal space[91].

Valveless 
ventriculoperitoneal 
shunts

Easy addition of a valve for 
conversion to a standard fixed 
pressure VP shunt.

Higher rates of obstruction 
compared to standard VP shunts[101].
Limited data are available on the 
effect on shunt dependence/need 
for a permanent CSF diversion 
procedure.

Endoscopic third 
ventriculostomy

Avoids complications of an external 
implanted device

Low success rates and higher 
rates of need for permanent CSF 
diversion.
Insufficient evidence to recommend 
its use[93]
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• VSGS is revised if the patient is not suitable for conversion into a permanent shunt. 
If VSGS is changed, the device is replaced, exploiting the same frontal access and 
harvesting a new subgaleal pouch on the opposite side or in a site that was not 
dissected before.

• In case of conversion to permanent shunt, the shunt is placed exploiting the existing 
frontal access or at a new site.

• Finally, the patient may be discharged with working VSGS and monitored in the 
outpatient clinic with tcUS every other week. VSGS can be surgically removed in the 
case of a collapsed pouch without recurrent hydrocephalus, thus making the patient 
shunt‑free.

Although there are no definite guidelines for the factors that need to be considered before 
converting a temporizing method to a permanent CSF diversion, the following criteria 
may be applied to reduce complications:
1. Weight of the neonate: average weight above 2000 g is desirable
2. CSF parameters: especially protein content <2 gm/dl and sterile CSF cultures[102,110,111]

3. Chronicity of hydrocephalus‑ all symptoms and signs should point to hydrocephalus’s 
chronicity and progressive nature.

There is insufficient evidence to recommend a specific weight or CSF parameter to direct 
the timing of shunt placement in premature infants with PHH[93,112].

The ideal valve and avoiding complications
The valve and shunt technology are only part of the applied therapeutic procedure. 
Early removal of blood constituents, and early deployment of physiological temporizing 
measures to avoid ependymal loss and glial scarring with extracellular matrix membranes 
are advocated. The first shunt in such a vulnerable population is likely to be one of the 
most critical decisions in a neonate with hydrocephalus. It is regrettable that a lack 
of evidence based guidelines still pervades this decision making process[113]. Using 
antibiotic‑impregnated catheters is recommended in this high‑risk group[111,114]. Perhaps 
the Trophy Registry and other future trials will help resolve this lacuna in evidence.

TROPHY Registry

TReatment Of Posthemorrhagic Hydrocephalus – Aims to define the safety and efficacy 
of different surgical treatment regimens in infants with PHH, namely shunt dependency, 
neurological outcome, and complication rate[83]. Patients will be followed up immediately 
postoperatively, at 6, 12, 24, 36, and 60 months. (https://trophy‑registry.org/). Analysis 
of the data shall help in determining the safety and efficacy (short term and long term) 
of one surgical measure over another.

Upcoming Trials
A large HCRN‑led prospective randomized clinical trial, funded by the National Institutes 
of Health, of ETV/CPC versus VPS for infant hydrocephalus, is scheduled to commence 
at 14 centers throughout North America (ClinicalTrials.gov identifier: NCT04177914). 
This study promises to shed additional light on outstanding questions and yield robust 
objective long‑term neurocognitive outcome data.

Summary and Recommendations

Evidence‑based guidelines for the management of PHH in premature infants were 
published in 2014 in the Journal of Neurosurgery Paediatrics[93], and one Level III 
recommendation regarding neuro‑endoscopic lavage was added to the updated 2020 
guidelines[115] [Table 7].

All preterm neonates must be screened for IVH and PHVD with serial tcUS. The 
timing for intervention must be individualized based on the clinical stability of the 
neonate, signs of raised intracranial pressure, and ventricular measurements on tcUS, 
with Class III evidence indicating superiority of tcUS measurements over clinical 
signs[108]. If indicated, either of the temporizing measures, including VSGSs, VADs, 
or more recently NEL, is recommended over a permanent CSF diversion procedure 
in neonates. Follow‑up clinically and with imaging shall determine either of two 
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outcomes, namely spontaneous resolution or the need for a permanent CSF diversion 
(ventriculoperitoneal shunt) [Figure 1].

Endoscopy in Infantile Hydrocephalus
Systematic review shows that ETV is successful in just over half of all included cases 
of non‑communicating hydrocephalus[119]. The overall complications rate is 10.0%, 
with CSF leak, hemorrhage, and infection being the most frequently encountered 
complications. Despite a lower success rate at younger ages, ETV offers a comparable 
safety profile independent of age. Therefore, ETV may remain a viable treatment option 
for non‑communicating hydrocephalus for infants aged one year or younger[119].

Kulkarni et al. developed the ETV Success Score (ETVSS) in children[120,121]. This 
prediction model provides a simple method for predicting the success of ETV at six 
months. The score is based on three factors: patient age, etiology of hydrocephalus, 
and the presence or absence of a previous shunt. The highest success rate is found 
in older children with aqueduct stenosis or tectal tumor who have not had previous 
shunting.

The ETVSS has been externally validated in several studies[122,123]. However, ETV still 
fails in certain patients, despite being the best candidates for the procedure according 
to the prediction model[124].

ETV and Choroid Plexus Cauterisation (CPC)
Available literature suggests that shunt independence and satisfactory cognitive 
outcomes are realistic outcomes when ETV/CPC is performed successfully for infant 
hydrocephalus. CPC is commonly performed using a flexible endoscope via septostomy 
and aims to cauterize the choroid plexus maximally[125]. Success is more likely to occur 
in infants aged >1 month, those with hydrocephalus secondary to myelomeningocele 
and aqueductal obstruction, and those with >90% cauterized choroid plexus. Regular 
clinical and radiological follow‑up is necessary to ensure that the treatment has been 
efficacious.

Routine screening of
all preterm infants <32
weeks, for IVH; using

tcUS on D1,3,7 of birth

Symptomatic infant/
Signs of raised ICP

- tcUS

No IVH Grade I/II IVH Grade III/IV

Repeat imaging 4-6
weeks after delivery

Follow up tcUS
weekly therafter

Surgical temporizing
measure (VSGS) Significant clot load

Follow up (Head
circumference + tcUS +

status of subgaleal
pouch)

Consider
Neuroendoscopic
Lavage + VSGS

Post hemorrhagic
ventricular dilatation

Resolution of
hemorrhage

Collapsed pouch
Tense pouch with

recurrent/ persistent
hydrocephalus

No contraindications
to permenant CSF
diversion/ Child can

tolerate the procedure

Recurrent
hydrocephalus

Ventriculoperitoneal
Shunt

No hydrocephalus -->
Can remove VSGS

(Shunt-free)

Clinical follow up

Figure 1: Management algorithm in term/preterm infants with IVH. (tcUS: trans-cranial Ultrasound; IVH: Intraventricular 
Hemorrhage; VSGS: Ventriculosubgaleal Shunt).
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Although high‑quality evidence comparing the efficacy of ETV/CPC and shunting 
is presently limited, data from ongoing and future trials offer promise to enhance 
our understanding with one study showing the success rate of ETV/CPC at 60% 
compared to 44% with only ETV[126]. However, the adverse effects of CPC are still 
an open question.

Evaluation of success of ETV
Measurement of postoperative third ventricle floor depression, lamina terminalis bowing, 
anterior commissure to tuber cinereum distance, mamillary body to lamina terminalis 
distance, and third ventricular width can predict ETV success radiologically.

Following ETV, the clinical improvement is more reliable as compared to any radiological 
parameters such as Evans’ index, frontal horn, and third ventricular diameter. A decrease 
in ventricle size occurs very slowly in the first few months, is more prominent in acute 
forms of hydrocephalus, and for the third ventricle compared to the lateral ventricles. 
Postoperative change in the callosal angle is higher than other ventricular parameters. 
Likewise postoperative infundibular recess angle reduction and anterior third ventricular 
height correlated well with a successful ETV[127].

Other MRI indicators of successful ETV include stoma patency visualized on 3D CISS 
images, CSF flow through the stoma, reduced optic nerve sheath diameter, and optic 
disc bulge[128]. A gradual decrease in stoma size in the first 3 months of postoperative 
MRI is an indicator of ETV failure.

Outcome following Congenital Hydrocephalus
The outcomes of pediatric hydrocephalus depend upon the age of the child, etiology, 
and treatment modality. Outcomes can be categorized into clinical, humanistic, and 
economic measures.
1. Clinical outcomes –

• Surgical complications and outcomes
• Neurological outcomes – post‑operative motor, sensory, cognitive sequelae, 

epilepsy, vision, neuroendocrine problems.
• Craniometric and aesthetic outcomes

2. Quality of life outcomes – Cognitive, functional, and social outcomes (schooling, 
social integration), patient‑reported outcomes

3. Economic outcomes – Cost.

Clinical Outcomes
Comparison of surgical complications of CSF shunt placement and ETV
VP Shunt
Intraoperative and early postoperative complications:
• Although intracerebral hematoma is rare after shunting, significant intraventricular 

bleeding (blood volumes >5 mL) occurs in 2% of patients undergoing shunts[129].
• The risk of significant intraoperative bleeding is experienced in approximately 4% 

of patients undergoing ETV[130]. The most dreaded complication of ETV is basilar 
artery perforation. It can further lead to subarachnoid hemorrhage, pseudoaneurysm 
formation[131], and death.

• Neural injuries are very rare after shunting but can occur in 5% of cases after ETV. It 
includes forniceal injuries, cranial nerve III and IV injury (1.4%), and pituitary and 
hypothalamic stalk injury (1.4%) resulting in diabetes insipidus[132].

• Postoperative CSF leak is also more common after ETV[130] than shunts[133], and it 
might indicate inadequate drainage and failure[130].

Failure or nonfunction:
Shunt malfunction occurs in 25‑60% of patients at 1 year of shunt placement[134,135]. Early 
shunt failures (within 30 days of shunt placements) occur in 13% of patients[136]. Placement 
of distal shunt tube in preperitoneal fat or bowel contributes to early shunt failure. Rarely 
delayed caudal migration of shunt and perforation of gastrointestinal tract occurs in 0.1 
to 0.7%[137]. Migrated shunts need shunt replacement and repositioning immediately to 
avoid the risk of shunt infection[138]. Abdominal pseudocyst formation[139] and infections 
are also responsible for shunt failure.
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Shunt malfunction could be due to shunt blockade, over drainage, under drainage, and shunt 
displacement[140,141]. Shunt blockade and shunt displacement need revision surgery which 
adds to the financial burden and also reduces the quality of life of the patient. Overdrainage 
and under drainage needs adjustments of pressures in the programmable valve or shunt 
revisions to appropriate pressure valves, in patients with fixed pressure shunts.

Shunt infection
The rate of shunt infection varies from 6‑12%[142,143]. IndSPN shunt guidelines 2021[111] 
recommended essential criteria for diagnosis of shunt infection as any of the following[24,25]:
1. Identification of organisms on culture or gram stain in CSF or wound swab
2. CSF pleocytosis with fever, neurological symptoms, abdominal signs of shunt 

malfunction
3. Abdominal pseudocyst (even in absence of positive culture)
4. Positive blood culture in ventriculoatrial shunts
5. Shunt erosion.

Shunt infection can be prevented by implementing the following measures:
1. Repeated or at least one body wash with chlorhexidine soap in the 48 hours prior to 

surgery.
2. Preoperative antibiotics 30‑60 minutes before incision.
3. Double gloving, change of gloves before touching implants.
4. Antibiotic impregnated shunt and sutures[111].

Treatment of shunt infection includes intravenous antibiotics for 10‑14 days in 
culture‑negative cases or cases where cultures rapidly turned negative. Whereas for 
persistently positive culture cases, antibiotics should be continued for 10‑14 days after 
cultures turn negative[111]. Surgical treatment should be tailored to the patient, with 
recommended options being the removal of the infected shunt and exteriorization of 
the new implant or ventriculo‑subgaleal shunt or reservoir placement. Reinsertion of a 
new shunt system should be done after CSF is cleared of infection. ETV in shunt‑infected 
patients can be an option only in carefully selected patients[144,145].

Shunt infection not only increases morbidity and risk of mortality but also reduces the 
quality of life (QOL) especially physical and cognitive, in patients with hydrocephalus[146]. 
As antibiotics and revision surgeries lead to prolonged hospital stays, there is an increased 
financial burden on the patient’s family[147,148].

ETV Failure
The role of endoscopy in infantile hydrocephalus has been discussed above. ETV failure 
can be either primary (insufficient stoma size) or secondary (subsequent obstruction of 
a sufficient and patent stoma)[149]. The failure rate of ETV is more (55‑80%) in infantile 
hydrocephalus than in older children, especially at less than 6 months of age[150,151], and 
in those with prepontine scarring[125,152,153]. The risk of early failure of ETV is reversed at 
3 months of age and further, in such a way that the risk of shunt failure is twice that of 
ETV failure at 2 years of age[154].

Association of etiology of hydrocephalus with failure of CSF shunts and ETV
A multicentric study by Jay Riva‑Cambrin[155] (2016) et al. showed that a high risk of 
shunt failure is associated with age less than 6 months at first shunt placement, use of 
endoscopic assistance while placement, and presence of cardiac comorbidity. Whereas 
the type of valve, valve programmability, and experience of the surgeon does not have 
an impact on shunt survival[155]. Despite higher success rates for aqueductal stenosis 
at 56.5%, Zaben et al. found no statistically significant pathology‑dependent effect on 
ETV success rate[119]. Another study emphasized that earlier revisions are required for 
posthemorrhagic hydrocephalus and craniospinal dysraphism hydrocephalus than 
hydrocephalus of other etiologies[156].

Infection in ETV
Infection causing meningitis and ventriculitis after ETV is rare. Early postoperative 
infections are more common (1‑6%)[130,157] than late infections[158]. Infections post ETV 
are usually associated with CSF leak, subside with antibiotic therapy[159] and only rarely 
progress to sepsis.
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Neurological outcomes

Neurological impairments occur in almost 66% of patients and are more common in 
preterm infants than term babies[160].
1. Vision – 80% of children with hydrocephalus develop ophthalmic abnormalities and 

33% of them develop visual loss[160]. The spectrum includes reduced visual acuity[161], 
vision loss[161,162], strabismus[163], nystagmus[163,164], refractory errors (hypermetropia) [165], 
visual perception disturbances, cortical visual impairment[166], sixth nerve (lateral 
rectus) palsy, fourth nerve (superior oblique) palsy, and lateral rectus palsy[167]. 
Impaired vision has a significant impact on general development, motor development, 
and education[168]. Papilloedema and visual impairment due to hydrocephalus usually 
improve after CSF shunting[169] or ETV,[169,170] but severe visual impairments have 
guarded outcomes,170]. Acute vision loss in a patient with chronic hydrocephalus which 
does not improve after shunting may respond to optic nerve sheath decompression[171].

2. Motor – 61% of children with hydrocephalus develop motor dysfunction[172]. Preterm 
and extremely low birth weight babies with intraventricular hemorrhage who need 
shunt placement have a high rate of poor neurodevelopmental growth, impaired 
mobility, impaired ambulation, and cerebral palsy[173–175].

3. Epilepsy – occurring in 30% of patients with hydrocephalus, is one of the more 
disabling problems these children face. Preterm babies with hydrocephalus have 
a higher risk of epilepsy, the highest being in very preterm babies (<32 gestational 
weeks)[176,177].

4. Endocrinological outcomes – dwarfism, obesity, sexual precocity, and infertility are 
the common endocrinological disturbances in patients with hydrocephalus[178,179].

5. Chronic headache, anxiety, depression, and fatigue – are also commonly seen in 
patients with hydrocephalus[180,181].

Craniometric outcomes

Ventricular size reduces very slowly or may not change after ETV whereas post shunt 
ventricular size reduces early and significantly and becomes near normal at the end of 
6 months[182]. Although head circumference does not increase steadily after ETV, the 
final head circumference percentile after ETV is more than after shunt[183]. Hence anterior 
fontanelle monitoring remains the primary measure to assess the success of shunt and 
ETV[182].

Aesthetic outcomes

Hydrocephalus diagnosed and treated late leads to severe hydrocephalus and a large head 
raising major cosmetic concerns. Over‑draining CSF shunting in severe hydrocephalus 
results in sutural overlap, and secondary craniosynostosis which again gives rise to poor 
aesthetic outcomes. Early postnatal cranial vault reduction and fixation surgery with 
CSF shunting in severe hydrocephalic macrocephaly patients result in improved and 
acceptable cosmetic outcomes[184,185].

Quality of life outcomes

Quality of life (QOL) is an important but rarely measured outcome of the success of 
surgical treatment of hydrocephalus. Definition of quality of life is “a person’s perception 
of their physical, emotional, and social function” emphasizing the WHO definition of 
health[186].

QOL is a multifaceted measure of outcome comprising physical, cognitive, emotional, and 
social outcomes. Kulkarni et al (2004) have designed a more comprehensive and objective 
Hydrocephalus Outcome Questionnaire (HOQ), especially for the pediatric population 
including both generic and disease‑specific measures[186,187]. The HOQ provides an overall 
score and domain‑specific score for physical, cognitive, functional, and social measures.

Cognitive outcomes – Almost 30% of children with hydrocephalus develop an IQ above 90, 
and up to half of the children end up having a poor IQ (<70)[177,188–190]. Specific language 
and memory disturbances are common even in children with good cognition[191]. 
Studies have revealed comprehension difficulties[192], mathematical skills impairment, 
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visuospatial deficits[193], and executive function impairments[194] in patients who were 
treated for hydrocephalus in infancy. Scholastic performance is impaired in children 
with hydrocephalus, with almost 50% of children lagging by 1‑2 years compared to their 
age‑matched peers[195]. A 2/3rd majority go to normal schools and very few to special 
schools[196].

Physical dysfunction – Physical impairments like cerebral palsy are more commonly seen 
in children who had intraventricular hydrocephalus and epilepsy. Physical function can 
be severely impacted in children with myelomeningocele and hydrocephalus. Motor 
deficits may occur in up to 60% of children with hydrocephalus[188], and they may include 
fine motor, visual motor, and spatial skills impairment as well[197].

Functional, Social, Emotional – Hyperactivity, inattentiveness, and attention‑deficit 
hyperactivity disorder (ADHD) are commonly found among children with 
hydrocephalus[198]. Most children become self‑dependent functionally but this may 
vary. Emotionally depression is seen in almost half of patients in later life and almost 
2/3rd patients narrate poor self‑perceived health. Half of the patients become socially 
independent with a 42% employment rate[196]. Addictions to substance abuse (9%), and 
denial of health insurance (70%) are other social aspects[180].

Factors affecting QOL:
1. Etiology – Hydrocephalus with myelomeningocele[199] (lower limb and sphincter 

dysfunction) and intraventricular hemorrhage[146] (risk of cerebral palsy) has a poorer 
QOL. Severe disease and prolonged stay during initial management are also associated 
with poor QOL[146]. Primary results of The International Infant Hydrocephalus 
Study (IIHS) showed good health status and QOL in children with hydrocephalus 
due to aqueductal stenosis after treatment[200].

2. Socioeconomic factors – Low socioeconomic income status patients generally have poor 
QOL[199].

3. ETV/Shunt – There is conflicting data about the variable impact of surgical procedures 
ETV and CSF shunt on QOL. Kulkarni et al. revealed no difference in QOL outcome 
after CSF shunts and ETV[201]. Primary results of the IIHS also showed no difference in 
QOL outcome after ETV and CSF shunt[200]. Analysis by Dhandapani et al. suggested 
a trend towards better clinical outcomes, cognitive outcomes, and social QOL in 
patients undergoing ETV[202]. However, at present, there is insufficient evidence to 
support the superiority of one over the other concerning outcomes.

4. Shunt complications and infection – Shunt infection and shunt revision is associated 
with poor neurocognitive development and QOL[186,203]. A prolonged hospital stay 
for shunt complications, obstruction, infection, and over drainage, is also associated 
with poor QOL[146,199,203].

5. Ventricular size – The volume of brain parenchyma and brain: ventricular volume 
ratios can help predict cognitive outcome[204]. However, a strong association between 
large ventricular size and poor QOL is not yet established. Most of the studies show 
no correlation[205] or minimal association[206].

6. Epilepsy – Hydrocephalus complicated by epilepsy has up to 30% lower QOL scores 
and is associated with a poor QOL[207].

Measures to improve the QOL in patients with hydrocephalus include:
1. Early diagnosis and early referral[203]

2. Regular head circumference monitoring and fontanelle assessment for early pick up[203]

3. Planning on continuous rehabilitation for children with hydrocephalus[208]

4. Early detection of the multitude of problems associated with hydrocephalus (ophthalmic, 
auditory, musculoskeletal, and neurodevelopmental abnormalities), and intervention 
in the early years of life[195].

5. Preschool management before peer interaction to improve social integration and 
social QOL[195].

Economic burden/Cost

The initial surgical cost with ETV is higher, however, VP shunt patients need more 
re‑admissions which along with shunt revisions needed for shunt complications, increases 
the total cost of treatment and the burden on the patient’s family.
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Conclusion

Hydrocephalus may be detected in the fetus or after birth. The outcome of antenatally 
detected ventriculomegaly is inversely related to the degree of dilatation and fetuses with 
associated structural abnormalities have a worse outcome. There is currently insufficient 
evidence and high rates of complications associated with intra‑uterine CSF diversion and 
prompt post‑natal treatment is the current standard of care.

In neonates, prematurity and low birth weight are associated with high rates of IVH and 
subsequent posthemorrhagic hydrocephalus. Routine tcUS screening must be performed 
periodically in all preterm and term infants for IVH. As clinical signs and symptoms may 
be delayed, the decision to treat must be based primarily on tcUS findings. In neonates, 
ventriculoperitoneal shunting is not well tolerated and various temporizing measures are 
available, including the more recent neuro‑endoscopic lavage and ventriculo subgaleal 
shunts, with promising results and possibilities of shunt free survival.

Both ETV and CSF shunts are reasonable options in infants with congenital hydrocephalus. 
The outcome following treatment of hydrocephalus is influenced to a greater degree by 
the timing of onset and etiology of hydrocephalus than the treatment modality. Early 
identification of hydrocephalus and appropriate timely treatment plays a crucial role in 
improving outcome in children with congenital hydrocephalus.

References:

1.	 Oi	S,	Di	Rocco	C.	Proposal	of	“evolution	 theory	 in	cerebrospinal	fluid	dynamics”	and	minor	
pathway	hydrocephalus	in	developing	immature	brain.	Child’s Nerv Syst.	2006;22(7).	doi:	10.1007/
s00381-005-0020-4.

2. DANDY WE. EXPERIMENTAL HYDROCEPHALUS. Ann Surg.	 1919;70(2).	 doi:	
10.1097/00000658-191908000-00001.

3.	 Oi	S,	 Sato	O,	Matsumoto	S.	A	new	 classification	 for	 congenital	 hydrocephalus	 [Perspective	
Classification	of	Congenital	Hydrocephalus	(PCCH)]	and	postnatal	prognosis	(part	3)	neuronal	
maturation	process	and	prognosis	in	neonatal	hydrocephalus.	In:	No To Hattatsu. Vol 26.; 1994.

4.	 Oi	S.	Hydrocephalus	research	update-controversies	in	definition	and	classification	of	hydrocephalus.	
Neurol Med Chir (Tokyo).	2010;50(9).	doi:	10.2176/nmc.	50.859.

5.	 Oi	S.	Classification	of	hydrocephalus:	Critical	analysis	of	classification	categories	and	advantages	
of	“multi-categorical	Hydrocephalus	Classification”	(Mc	HC).	Child’s Nerv Syst.	2011;27(10).	doi:	
10.1007/s00381-011-1542-6.

6.	 Tully	HM,	Dobyns	WB.	Infantile	hydrocephalus:	a	review	of	epidemiology,	classification	and	
causes.	Published	online	2014.	doi:	10.1016/j.ejmg.	2014.06.002.

7.	 Norton	Mary.	Fetal	cerebral	ventriculomegaly.	In:	Simpson	Lynn	LD,	ed.	UpToDate, Post TW (Ed), 
UpToDate, Waltham, MA. https://www.uptodate.com/contents/fetal-cerebral-ventriculomegaly.

8.	 Pilu	G,	Hobbins	JC.	Sonography	of	fetal	cerebrospinal	anomalies.	Prenat Diagn.	2002;22(4).	doi:	
10.1002/pd.	310.

9.	 Bruner	JP,	Davis	G,	Tulipan	N.	Intrauterine	shunt	for	obstructive	hydrocephalus-Still	not	ready.	
Fetal Diagn Ther.	2006;21(6).	doi:	10.1159/000095668.

10.	 McKechnie	L,	Vasudevan	C,	Levene	M.	Neonatal	outcome	of	congenital	ventriculomegaly.	Semin 
Fetal Neonatal Med.	2012;17(5).	doi:	10.1016/j.siny.	2012.06.001.

11.	 Alluhaybi	AA,	Altuhaini	K,	Ahmad	M.	Fetal	Ventriculomegaly:	A	Review	of	Literature.	Cureus. 
2022;14(2):e22352.	doi:	10.7759/cureus.	22352.

12.	 Nyberg	DA,	Mack	LA,	Hirsch	 J,	 Pagon	RO,	Shepard	TH.	Fetal	 hydrocephalus:	Sonographic	
detection	and	clinical	significance	of	associated	anomalies.	Radiology.	1987;163(1).	doi:	10.1148/
radiology.	163.1.3547493.

13.	 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).	doi:	10.1159/000304735.

14.	 Gaglioti	P,	Oberto	M,	Todros	T.	The	significance	of	fetal	ventriculomegaly:	Etiology,	short-	and	
long-term	outcomes.	Prenat Diagn.	2009;29(4).	doi:	10.1002/pd.	2195.

15.	 Krishnan	V,	Sharma	A,	Ramamurthy	R,	Elayedatt	R,	Ramamurthy	BS.	Prenatal	Ventriculomegaly-
Diagnosis,	Prognostication	and	Management.	Neurol India.	2021;69(Supplement):S305-S312.	doi:	
10.4103/0028-3886.332280.

16.	 Glenn	OA,	Cuneo	AA,	Barkovich	AJ,	Hashemi	Z,	Bartha	AI,	Xu	D.	Malformations	of	cortical	
development:	Diagnostic	accuracy	of	fetal	MR	imaging.	Radiology.	2012;263(3).	doi:	10.1148/



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   24

radiol.	12102492
17.	 Nagaraj	UD,	Kline-Fath	BM.	Imaging	diagnosis	of	ventriculomegaly:	fetal,	neonatal,	and	pediatric.	

Child’s Nerv Syst.	2020;36(8).	doi:	10.1007/s00381-019-04365-z.
18.	 Paladini	D,	Malinger	G,	Monteagudo	A,	Pilu	G,	Timor-Tritsch	I,	Toi	A.	Sonographic	examination	

of	the	fetal	central	nervous	system:	Guidelines	for	performing	the	“basic	examination”	and	the	
“fetal	neurosonogram.”	Ultrasound Obstet Gynecol.	2007;29(1).	doi:	10.1002/uog.	3909.

19.	 Morris	JE,	Rickard	S,	Paley	MN,	Griffiths	PD,	Rigby	A,	Whitby	EH.	The	value	of	in-utero	magnetic	
resonance	imaging	in	ultrasound	diagnosed	foetal	isolated	cerebral	ventriculomegaly.	Clin Radiol. 
2007;62(2).	doi:	10.1016/j.crad.	2006.06.016.

20.	 Griffiths	PD,	Brackley	K,	Bradburn	M, et al.	Anatomical	subgroup	analysis	of	the	MERIDIAN	
cohort:	ventriculomegaly.	Ultrasound Obstet Gynecol.	2017;50(6).	doi:	10.1002/uog.	17475.

21.	 Donnelly	JC,	Platt	LD,	Rebarber	A,	Zachary	J,	Grobman	WA,	Wapner	RJ.	Association	of	copy	
number	variants	with	specific	ultrasonographically	detected	fetal	anomalies.	In:	Obstetrics and 
Gynecology.	Vol	124.;	2014.	doi:	10.1097/AOG.0000000000000336.

22. Wapner RJ, Martin CL, Levy B, et al.	Chromosomal	Microarray	versus	Karyotyping	for	Prenatal	
Diagnosis.	N Engl J Med.	2012;367(23).	doi:	10.1056/nejmoa1203382.

23.	 von	Koch	CS,	Gupta	N,	Sutton	LN,	Sun	PP.	In	utero	surgery	for	hydrocephalus.	Child’s Nerv Syst. 
2003;19(7-8).	doi:	10.1007/s00381-003-0775-4.

24.	 Peiro	JL,	Fabbro	MD.	Fetal	 therapy	for	congenital	hydrocephalus—where	we	came	from	and	
where	we	are	going.	Child’s Nerv Syst.	2020;36(8).	doi:	10.1007/s00381-020-04738-9.

25.	 Gaglioti	 P,	Danelon	D,	Bontempo	S,	Mombrò	M,	Cardaropoli	 S,	Todros	T.	 Fetal	 cerebral	
ventriculomegaly:	Outcome	in	176	cases.	Ultrasound Obstet Gynecol.	2005;25(4).	doi:	10.1002/
uog.	1857.

26.	 Afsharkhas	L,	Khalessi	N,	Karimi	Panah	M.	Intraventricular	hemorrhage	in	term	neonates:	Sources,	
severity	and	outcome.	Iran J Child Neurol. 2015;9(3).

27.	 Nayak	N,	 Sankhla	 SK.	Management	 of	 Posthemorrhagic	 Hydrocephalus.	Neurol India. 
2021;69(Supplement):S313-S319.	doi:	10.4103/0028-3886.332257.

28.	 Robinson	S.	Neonatal	posthemorrhagic	hydrocephalus	from	prematurity:	Pathophysiology	and	
current	 treatment	 concepts:	A	 review.	J Neurosurg Pediatr.	 2012;9(3).	 doi:	 10.3171/2011.12.
PEDS11136.

29.	 Whitelaw	A,	Aquilina	K.	Management	of	posthaemorrhagic	ventricular	dilatation.	Arch Dis Child 
Fetal Neonatal Ed.	2012;97(3).	doi:	10.1136/adc.	2010.190173.

30.	 Whitelaw	A.	Posthemorrhagic	Hydrocephalus	Management	Strategies.	In:	Neonatology: Questions 
and Controversies Series: Neurology.;	2008.	doi:	10.1016/B978-1-4160-3157-4.10004-5.

31.	 Deopujari	C,	Mohanty	C,	Agrawal	H,	Jain	S,	Chawla	P.	A	comparison	of	Adult	and	Pediatric	
Hydrocephalus.	Neurol India.	2021;69(Supplement):S395-S405.	doi:	10.4103/0028-3886.332283.

32.	 Pant	S,	Cherian	I.	Clinical	Presentation	of	Hydrocephalus.	In:	Pant	S,	Cherian	I,	eds.	Hydrocephalus. 
IntechOpen;	2012.	doi:	10.5772/30899.

33.	 Dinçer	A,	Özek	MM.	Radiologic	 evaluation	 of	 pediatric	 hydrocephalus.	Child’s Nerv Syst. 
2011;27(10).	doi:	10.1007/s00381-011-1559-x.

34.	 Giuseppe	CinalliM.	Memet	OzekChristian	Sainte-Rose.	Pediatric Hydrocephalus. 2nd	Editio.	
Springer	Science	and	Business	Media	Deutschland	GmbH;	2020.

35.	 Sandhu	PK,	Banker	H	CH.	Neurosonography Assessment, Protocols, And Interpretation. [Updated 
2021 Jul 21].	Treasure	Island(FL):	StatPearls	Publishing;	2022	Jan-.;	2021.	https://www.ncbi.nlm.
nih.gov/books/NBK573073.

36.	 Davies	MW,	Swaminathan	M,	Chuang	SL,	Betheras	FR.	Reference	ranges	for	the	linear	dimensions	
of	the	intracranial	ventricles	in	preterm	neonates.	Arch Dis Child Fetal Neonatal Ed. 2000;82(3). 
doi:	10.1136/fn.	82.3.f218.

37.	 Levene	MI,	Starte	DR.	A	longitudinal	study	of	post-haemorrhagic	ventricular	dilatation	in	 the	
newborn. Arch Dis Child.	1981;56(12).	doi:	10.1136/adc.	56.12.905.

38.	 Levene	MI.	Measurement	of	the	growth	of	the	lateral	ventricles	in	preterm	infants	with	real-time	
ultrasound.	Arch Dis Child.	1981;56:900-904.	doi:	10.1136/adc.	56.12.900.

39.	 London	DA,	Carroll	BA,	Enzmann	DR.	Sonography	of	 ventricular	 size	 and	germinal	matrix	
hemorrhage	in	premature	infants.	Am J Roentgenol.	1980;135(3).	doi:	10.2214/ajr.	135.3.559

40.	 Brouwer	MJ,	De	Vries	LS,	Groenendaal	F, et al. New reference values for the neonatal cerebral 
ventricles. Radiology.	2012;262(1).	doi:	10.1148/radiol.	11110334.

41.	 Brann	IV	BS,	Qualls	C,	Wells	L,	Papile	LA.	Asymmetric	growth	of	the	lateral	cerebral	ventricle	
in	infants	with	posthemorrhagic	ventricular	dilation.	J Pediatr.	1991;118	(1).	doi:	10.1016/S0022-
3476(05) 81859-1.

42.	 Mohammad	K,	Scott	JN,	Leijser	LM, et al.	Consensus	Approach	for	Standardizing	the	Screening	
and	Classification	 of	 Preterm	Brain	 Injury	Diagnosed	With	Cranial	Ultrasound:	A	Canadian	
Perspective	on	behalf	of	the	Canadian	Neonatal	Network	and	Canadian	Preterm	Birth	Network	



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   25

Group	on	Neonatal	Neurological	Outcomes	Improvement	Investigators	‡.	Front Pediatr | www.
frontiersin.org.	2021;1:618236.	doi:	10.3389/fped.	2021.618236.

43.	 Ecury-Goossen	GM,	Camfferman	FA,	Leijser	LM,	Govaert	P,	Dudink	J.	State	of	the	art	cranial	
ultrasound	imaging	in	neonates.	J Vis Exp. 2015;(96).	doi:	10.3791/52238.

44.	 Ballestero	MF,	Frigieri	G,	Cabella	BC,	de	Oliveira	SM,	de	Oliveira	RS.	Prediction	of	intracranial	
hypertension	 through	 noninvasive	 intracranial	 pressure	 waveform	 analysis	 in	 pediatric	
hydrocephalus.	Child’s Nerv Syst.	2017;33(9).	doi:	10.1007/s00381-017-3475-1.

45.	 Jończyk-Potoczna	K,	Frankiewicz	M,	Warzywoda	M,	Strzyzewski	K,	Pawlak	B.	Low-dose	protocol	
for	head	CT	in	evaluation	of	hydrocephalus	in	children.	Polish J Radiol. 2012;77(1).

46.	 Miller	D,	Schauer	D.	The	ALARA	principle	in	medical	imaging.	AAPM Newsl.	2015;40:38-40.
47.	 Dinçer	A,	Yildiz	E,	Kohan	S,	Memet	Özek	M.	Analysis	of	endoscopic	third	ventriculostomy	patency	

by	MRI:	Value	of	different	pulse	sequences,	the	sequence	parameters,	and	the	imaging	planes	for	
investigation	of	flow	void.	Child’s Nerv Syst.	2011;27(1).	doi:	10.1007/s00381-010-1219-6.

48.	 Assaf	Y,	Ben-Sira	L,	Constantini	 S,	Chang	LC,	Beni-Adani	L.	Diffusion	 tensor	 imaging	 in	
hydrocephalus:	Initial	experience.	Am J Neuroradiol. 2006;27(8).

49.	 Yuan	W,	McAllister	JP,	Mangano	FT.	Neuroimaging	of	white	matter	abnormalities	in	pediatric	
hydrocephalus.	J Pediatr Neuroradiol.	2013;2(1).	doi:	10.3233/PNR-13052

50.	 Patel	 DM,	Tubbs	 RS,	 Pate	 G,	 Johnston	 JM,	 Blount	 JP.	 Fast-sequence	MRI	 studies	 for	
surveillance	 imaging	 in	 pediatric	 hydrocephalus.	 J Neurosurg Pediatr.	 2014;13(4).	 doi:	
10.3171/2014.1.PEDS13447.

51.	 Ellenbogen	 JR,	Waqar	M,	Pettorini	B.	Management	 of	 post-haemorrhagic	 hydrocephalus	 in	
premature	infants.	J Clin Neurosci.	2016;31.	doi:	10.1016/j.jocn.	2016.02.026.

52.	 Volpe	JJ.	Intraventricular	hemorrhage	in	the	premature	infant—current	concepts.	Part	I.	Ann Neurol. 
1989;25(1).	doi:	10.1002/ana.	410250103.

53.	 Blencowe	H,	Cousens	S,	Oestergaard	MZ, et al.	National,	regional,	and	worldwide	estimates	of	
preterm	birth	rates	in	the	year	2010	with	time	trends	since	1990	for	selected	countries:	A	systematic	
analysis	and	implications.	Lancet.	2012;379(9832).	doi:	10.1016/S0140-6736(12)	60820-4.

54.	 Lemons	JA,	Bauer	CR,	Oh	W, et al.	Very	low	birth	weight	outcomes	of	the	National	Institute	of	
Child	health	and	human	development	neonatal	research	network,	January	1995	through	December	
1996.	NICHD	Neonatal	Research	Network.	Pediatrics.	2001;107(1).	doi:	10.1542/peds.	107.1.e1.

55.	 Gale	C,	Statnikov	Y,	Jawad	S, et al.	Neonatal	brain	injuries	in	England:	Population-based	incidence	
derived	from	routinely	recorded	clinical	data	held	in	the	National	Neonatal	Research	Database.	
Arch Dis Child Fetal Neonatal Ed.	2018;103(4).	doi:	10.1136/archdischild-2017-313707.

56.	 Limbrick	DD,	Mathur	A,	Johnston	JM, et al.	Neurosurgical	treatment	of	progressive	posthemorrhagic	
ventricular	dilation	in	preterm	infants:	A	10-year	single-institution	study.	J Neurosurg Pediatr. 
2010;6(3).	doi:	10.3171/2010.5.PEDS1010.

57.	 Brouwer	AJ,	Brouwer	MJ,	Groenendaal	F,	Benders	MJ,	Whitelaw	A,	De	Vries	LS.	European	
perspective	on	the	diagnosis	and	treatment	of	posthaemorrhagic	ventricular	dilatation.	Arch Dis 
Child Fetal Neonatal Ed.	2012;97(1).	doi:	10.1136/adc.	2010.207837.

58.	 Murphy	BP,	Inder	TE,	Rooks	V, et al.	Posthaemorrhagic	ventricular	dilatation	in	the	premature	
infant:	Natural	history	and	predictors	of	outcome.	Arch Dis Child Fetal Neonatal Ed. 2002;87(1). 
doi:	10.1136/fn.	87.1.f37.

59.	 de	Vries	LS,	Liem	KD,	van	Dijk	K,	Smit	BJ,	Sie	L,	Rademaker	KJ,	et al. Early versus late 
treatment	 of	 posthaemorrhagic	 ventricular	 dilatation:	 results	 of	 a	 retrospective	 study	 from	
five	 neonatal	 intensive	 care	 units	 in	The	Netherlands.	Acta	Paediatr.	 2002;91(2):212-7.	 doi:	
10.1080/080352502317285234.

60.	 Wellons	 JC,	 Shannon	CN,	Kulkarni	A	V., et al.	A	multicenter	 retrospective	 comparison	 of	
conversion	from	temporary	to	permanent	cerebrospinal	fluid	diversion	in	very	low	birth	weight	
infants	with	posthemorrhagic	hydrocephalus:	Clinical	article.	J Neurosurg Pediatr.	2009;4(1).	doi:	
10.3171/2009.2.PEDS08400.

61.	 Perlman	JM.	The	Relationship	Between	Systemic	Hemodynamic	Perturbations	and	Periventricular-
Intraventricular	Hemorrhage-A	Historical	Perspective.	Semin Pediatr Neurol.	2009;16(4).	doi:	
10.1016/j.spen.	2009.09.006.

62.	 Berger	R,	Bender	 S,	 Sefkow	S,	Klingmüller	V,	Künzel	W,	 Jensen	A.	 Peri/intraventricular	
haemorrhage:	A	cranial	ultrasound	study	on	5286	neonates.	Eur J Obstet Gynecol Reprod Biol. 
1997;75(2).	doi:	10.1016/S0301-2115(97)	00135-8.

63.	 Inder	TE,	Perlman	JM,	Volpe	JJ.	Chapter	24-Preterm	Intraventricular	Hemorrhage/Posthemorrhagic	
Hydrocephalus.	 In:	Volpe	 JJ,	 Inder	TE,	Darras	 BT, et al.,	 eds.	Volpe’s Neurology of the 
Newborn (Sixth Edition).	Sixth	Edit.	Elsevier;	2018:637-698.e21.	doi:	https://doi.org/10.1016/
B978-0-323-42876-7.00024-7.

64.	 Noori	S,	Seri	I.	Hemodynamic	antecedents	of	peri/intraventricular	hemorrhage	in	very	preterm	
neonates. Semin Fetal Neonatal Med.	2015;20(4).	doi:	10.1016/j.siny.	2015.02.004.



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   26

65.	 Soul	JS,	Hammer	PE,	Tsuji	M, et al.	Fluctuating	pressure-passivity	is	common	in	the	cerebral	
circulation	of	sick	premature	infants.	Pediatr Res.	2007;61	(4).	doi:	10.1203/pdr.	0b013e31803237f6

66.	 Synnes	AR,	Chien	LY,	Peliowski	A,	Baboolal	R,	Lee,	SK.	Variations	in	intraventricular	hemorrhage	
incidence	rates	among	Canadian	neonatal	intensive	care	units.	J Pediatr.	2001;138(4).	doi:	10.1067/
mpd.	2001.111822.

67.	 Cherian	S,	Whitelaw	A,	Thoresen	M,	Love	S.	The	pathogenesis	of	neonatal	post-hemorrhagic	
hydrocephalus.	In:	Brain Pathology.	Vol	14.;	2004.	doi:	10.1111/j.	1750-3639.2004.tb00069.x.

68.	 Tsitouras	V,	Sgouros	S.	Infantile	posthemorrhagic	hydrocephalus.	Child’s Nerv Syst. 2011;27(10). 
doi:	10.1007/s00381-011-1521-y.

69.	 Burstein	J,	Papile	LA,	Burstein	R.	Intraventricular	hemorrhage	and	hydrocephalus	in	premature	
newborns:	A	prospective	study	with	CT.	Am J Roentgenol.	1979;132(4).	doi:	10.2214/ajr.	132.4.631.

70.	 Tortorolo	G,	Luciano	R,	Papacci	P,	Tonelli	T.	Intraventricular	hemorrhage:	Past,	present	and	future,	
focusing	on	classification,	pathogenesis	and	prevention.	Child’s Nerv Syst.	1999;15(11-12).	doi:	
10.1007/s003810050454.

71.	 Suneja	U,	Gadiparthi	R.	Intraventricular	Hemorrhage	in	Full	Term	Newborn:	A	Rare	Phenomenon.	
Arch Med.	2016;8(4).	doi:	10.21767/1989-5216.1000156.

72.	 Jary	S,	Kmita	G,	Wroblewska	J,	Whitelaw	A.	Quantitative	cranial	ultrasound	prediction	of	severity	
of	disability	in	premature	infants	with	post-haemorrhagic	ventricular	dilatation.	Arch Dis Child. 
2012;97(11).	doi:	10.1136/archdischild-2012-301778.

73.	 El-Dib	M,	Limbrick	DD,	Inder	T, et al.	Management	of	Post-hemorrhagic	Ventricular	Dilatation	
in	the	Infant	Born	Preterm.	J Pediatr.	2020;226.	doi:	10.1016/j.jpeds.	2020.07.079.

74.	 Ingram	MC,	Huguenard	AL,	Miller	BA,	Chern	JJ.	Poor	correlation	between	head	circumference	
and	cranial	ultrasound	findings	in	premature	infants	with	intraventricular	hemorrhage:	Clinical	
article. J Neurosurg Pediatr.	2014;14(2).	doi:	10.3171/2014.5.PEDS13602.

75. Bassan H, Eshel R, Golan I, et al.	Timing	of	external	ventricular	drainage	and	neurodevelopmental	
outcome	 in	 preterm	 infants	with	 posthemorrhagic	 hydrocephalus.	Eur J Paediatr Neurol. 
2012;16(6).	doi:	10.1016/j.ejpn.	2012.04.002.

76.	 Brouwer	A,	 Groenendaal	 F,	 van	 Haastert	 IL,	 Rademaker	 K,	 Hanlo	 P,	 de	 Vries	 L.	
Neurodevelopmental	Outcome	of	Preterm	Infants	with	Severe	Intraventricular	Hemorrhage	and	
Therapy	for	Post-Hemorrhagic	Ventricular	Dilatation.	J Pediatr.	2008;152(5).	doi:	10.1016/j.
jpeds.	2007.10.005.

77.	 Boyle	M,	Shim	R,	Gnanasekaran	R, et al.	Inclusion	of	extremes	of	prematurity	in	ventricular	index	
centile charts. J Perinatol.	2015;35(6).	doi:	10.1038/jp.	2014.219.

78.	 Neonatal	Hydrocephalus:	Hemodynamic	Response	to	Fontanelle	Compression-Correlation	with	
Intracranial	Pressure	and	Need	for	Shunt	Placement.	J Diagnostic Med Sonogr.	1997;13(1).	doi:	
10.1177/875647939701300125.

79.	 Klebermass-Schrehof	K,	Rona	Z,	Waldhör	T, et al.	Can	neurophysiological	assessment	improve	
timing	of	intervention	in	posthaemorrhagic	ventricular	dilatation?	Arch Dis Child Fetal Neonatal 
Ed.	2013;98(4).	doi:	10.1136/archdischild-2012-302323.

80.	 Kishimoto	J,	De	Ribaupierre	S,	Lee	DS,	Mehta	R,	Lawrence	KS,	Fenster	A.	3D	ultrasound	system	
to	investigate	intraventricular	hemorrhage	in	preterm	neonates.	Phys Med Biol.	2013;58(21).	doi:	
10.1088/0031-9155/58/21/7513.

81.	 Whittemore	BA,	Swift	DM,	M.	Thomas	 J,	F.	Chalak	L.	A	neonatal	neuroNICU	collaborative	
approach	to	neuromonitoring	of	posthemorrhagic	ventricular	dilation	in	preterm	infants.	Pediatr 
Res.	2022;91(1).	doi:	10.1038/s41390-021-01406-9.

82.	 Leonhardt	A,	Steiner	HH,	Linderkamp	O.	Management	of	posthaemorrhagic	hydrocephalus	with	a	
subcutaneous	ventricular	catheter	reservoir	in	premature	infants.	Arch Dis Child. 1989;64(1 SPEC 
NO.).	doi:	10.1136/adc.	64.1_Spec_No.	24.

83.	 Thomale	UW,	Cinalli	G,	Kulkarni	A	V., et al.	TROPHY	registry	 study	design:	 a	prospective,	
international	multicenter	study	for	the	surgical	treatment	of	posthemorrhagic	hydrocephalus	in	
neonates. Child’s Nerv Syst.	2019;35	(4).	doi:	10.1007/s00381-019-04077-4.

84.	 Anwar	M,	Kadam	S,	Hiatt	 IM,	Hegyi	T.	THE	PREVENTION	OF	POSTHEMORRHAGIC	
HYDROCEPHALUS	WITH	SERIAL	LUMBAR	PUNCTURES:	A	CONTROLLED	TRIAL.	
Pediatr Res.	1984;18.	doi:	10.1203/00006450-198404001-01405

85.	 Kreusser	KL,	Tarby	TJ,	Kovnar	E,	Taylor	DA,	Hill	A,	Volpe	JJ.	Serial	lumbar	punctures	for	at	least	
temporary	amelioration	of	neonatal	posthemorrhagic	hydrocephalus.	Pediatrics.	1985;75(4).	doi:	
10.1542/peds.	75.4.719.

86.	 Whitelaw	A,	 Lee-Kelland	R.	Repeated	 lumbar	 or	 ventricular	 punctures	 in	 newborns	with	
intraventricular	haemorrhage.	Cochrane Database Syst Rev.	2017;2017(4).	doi:	10.1002/14651858.
CD000216.pub2.

87.	 Berger	A,	Weninger	M,	Reinprecht	A,	Haschke	N,	Kohlhauser	C,	Pollak	A.	Long-term	experience	
with	subcutaneously	tunneled	external	ventricular	drainage	in	preterm	infants.	Child’s Nerv Syst. 
2000;16(2).	doi:	10.1007/s003810050022.



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   27

88.	 Reinprecht	A,	Dietrich	W,	Berger	A,	Bavinzski	G,	Weninger	M,	Czech	T.	 Posthemorrhagic	
hydrocephalus	in	preterm	infants:	Long-term	follow-up	and	shunt-related	complications.	Child’s 
Nerv Syst.	2001;17(11).	doi:	10.1007/s00381-001-0519-2.

89.	 Weninger	M,	Salzer	HR,	Pollak	A, et al.	External	ventricular	drainage	for	treatment	of	rapidly	
progressive	posthemorrhagic	hydrocephalus.	Neurosurgery.	1992;31(1).	doi:	10.1227/00006123-
199207000-00008.

90.	 Cornips	E,	Van	Calenbergh	F,	 Plets	C,	Devlieger	H,	Casaer	P.	Use	 of	 external	 drainage	 for	
posthemorrhagic	hydrocephalus	in	very	low	birth	weight	premature	infants.	Child’s Nerv Syst. 
1997;13(7).	doi:	10.1007/s003810050102.

91.	 Köksal	V,	Öktem	S.	Ventriculosubgaleal	shunt	procedure	and	its	long-term	outcomes	in	premature	
infants	with	post-hemorrhagic	hydrocephalus.	Published	online	2010.	doi:	10.1007/s00381-010-
1118-x.

92.	 Shooman	D,	Portess	H,	Sparrow	O.	A	review	of	the	current	treatment	methods	for	posthaemorrhagic	
hydrocephalus	of	infants.	Cerebrospinal Fluid Res.	2009;6.	doi:	10.1186/1743-8454-6-1.

93.	 Mazzola	CA,	Choudhri	AF,	Auguste	KI, et al.	 Pediatric	 hydrocephalus:	 Systematic	 literature	
review	and	evidence-based	guidelines.	Part	2:	Management	of	posthemorrhagic	hydrocephalus	
in	premature	infants.	J Neurosurg Pediatr.	2014;14.	doi:	10.3171/2014.7.PEDS14322.

94.	 Brockmeyer	 DL,	Wright	 LC,	Walker	ML,	Ward	 RM.	Management	 of	 posthemorrhagic	
hydrocephalus	 in	 the	 low-birth-weight	 preterm	neonate.	Pediatr Neurosurg.	 1989;15(6).	 doi:	
10.1159/000120487.

95.	 Hudgins	RJ,	Boydston	WR,	Gilreath	CL.	Treatment	 of	 posthemorrhagic	 hydrocephalus	 in	
the	 preterm	 infant	with	 a	 ventricular	 access	 device.	Pediatr Neurosurg.	 1998;29(6).	 doi:	
10.1159/000028744.

96.	 Heep	A,	Engelskirchen	R,	Holschneider	A,	Groneck	P.	Primary	intervention	for	posthemorrhagic	
hydrocephalus	in	very	low	birthweight	infants	by	ventriculostomy.	Child’s Nerv Syst. 2001;17 (1-
2).	doi:	10.1007/s003810000363.

97.	 Petraglia	AL,	Moravan	MJ,	Dimopoulos	VG,	Silberstein	HJ.	Ventriculosubgaleal	 shunting-A	
strategy	to	reduce	the	incidence	of	shunt	revisions	and	slit	ventricles:	An	institutional	experience	
and	review	of	the	literature.	Pediatr Neurosurg.	2011;47(2).	doi:	10.1159/000330539

98. Frassanito P, Serrao F, Gallini F, et al.	Ventriculosubgaleal	shunt	and	neuroendoscopic	lavage:	
refining	the	treatment	algorithm	of	neonatal	post-hemorrhagic	hydrocephalus.	Child’s Nerv Syst. 
2021;37(11):3531-3540.	doi:	10.1007/S00381-021-05216-6.

99.	 Lam	HP,	Heilman	CB.	Ventricular	 access	 device	 versus	 ventriculosubgaleal	 shunt	 in	 post	
hemorrhagic	hydrocephalus	associated	with	prematurity.	J Matern Neonatal Med. 2009;22(11). 
doi:	10.3109/14767050903029576.

100.	Fulmer	BB,	Grabb	PA,	Oakes	WJ,	Mapstone	TB,	Rekate	HL.	Neonatal	ventriculosubgaleal	shunts.	
Neurosurgery.	2000;47(1).	doi:	10.1097/00006123-200007000-00018.

101.	Vinchon	M,	Lapeyre	 F,	Duquennoy	C,	Dhellemmes	P.	Early	 treatment	 of	 posthemorrhagic	
hydrocephalus	 in	 low-birth-weight	 infants	with	 valveless	 ventriculoperitoneal	 shunts.	Pediatr 
Neurosurg.	2001;35(6).	doi:	10.1159/000050441.

102.	Etus	V,	Kahilogullari	G,	Karabagli	H,	Unlu	A.	Early	Endoscopic	Ventricular	Irrigation	for	the	
Treatment	of	Neonatal	Posthemorrhagic	Hydrocephalus:	A	Feasible	Treatment	Option	or	Not?	A	
Multicenter	Study.	Turk Neurosurg.	2018;28(1).	doi:	10.5137/1019-5149.JTN.18677-16.0.

103.	Schulz	M,	Buḧrer	C,	Pohl-Schickinger	A,	Haberl	H,	Thomale	UW.	Neuroendoscopic	lavage	for	
the	 treatment	 of	 intraventricular	 hemorrhage	 and	hydrocephalus	 in	 neonates:	Clinical	 article.	
J Neurosurg Pediatr.	2014;13(6).	doi:	10.3171/2014.2.PEDS13397.

104.	d’Arcangues	C,	Schulz	M,	Bührer	C,	Thome	U,	Krause	M,	Thomale	UW.	Extended	Experience	
with	Neuroendoscopic	Lavage	for	Posthemorrhagic	Hydrocephalus	in	Neonates.	World Neurosurg. 
2018;116.	doi:	10.1016/j.wneu.	2018.04.169.

105.	Behrens	P,	Tietze	A,	Walch	E, et al.	Neurodevelopmental	outcome	at	2	years	after	neuroendoscopic	
lavage	in	neonates	with	posthemorrhagic	hydrocephalus.	J Neurosurg Pediatr.	2020;26(5).	doi:	
10.3171/2020.5.PEDS20211.

106.	Tirado-Caballero	J,	Rivero-Garvia	M,	Arteaga-Romero	F,	Herreria-Franco	J,	Lozano-Gonzalez	Á,	
Marquez-Rivas	J.	Neuroendoscopic	lavage	for	the	management	of	posthemorrhagic	hydrocephalus	
in	preterm	infants:	Safety,	effectivity,	and	lessons	learned.	J Neurosurg Pediatr.	2020;26(3).	doi:	
10.3171/2020.2.PEDS2037.

107.	El-Dib	M,	Limbrick	DD,	Inder	T, et al.	Management	of	Post-hemorrhagic	Ventricular	Dilatation	
in	 the	 Preterm	 Infant	HHS	Public	Access.	 J Pediatr.	 2020;226:16-27.	 doi:	 10.1016/j.jpeds.	
2020.07.079.

108.	Leijser	LM,	Miller	SP,	Van	Wezel-Meijler	G, et al.	Posthemorrhagic	ventricular	dilatation	in	preterm	
infants	When	best	to	intervene?	Neurology.	2018;90(8).	doi:	10.1212/WNL.0000000000004984.

109.	Cizmeci	MN,	Groenendaal	F,	Liem	KD, et al.	Randomized	Controlled	Early	versus	Late	Ventricular	
Intervention	Study	 in	Posthemorrhagic	Ventricular	Dilatation:	Outcome	at	2	Years.	J Pediatr. 



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   28

2020;226.	doi:	10.1016/j.jpeds.	2020.08.014
110.	Willis	BK,	Kumar	CR,	Wylen	EL,	Nanda	A.	Ventriculosubgaleal	 shunts	 for	 posthemorrhagic	

hydrocephalus	in	premature	infants.	Pediatr Neurosurg.	2005;41(4).	doi:	10.1159/000086558.
111.	 Udayakumaran	S,	 Pillai	 S,	Dwarakanath	 S, et al.	 Indian	 Society	 of	 Pediatric	Neurosurgery	

Consensus	Guidelines	on	Preventing	and	Managing	Shunt	 Infection:	Version	2020-21.	Neurol 
India.	2021;69(Supplement):S526-S555.	doi:	10.4103/0028-3886.332268.

112.	 Fulkerson	DH,	Vachhrajani	S,	Bohnstedt	BN, et al.	Analysis	of	the	risk	of	shunt	failure	or	infection	
related	 to	 cerebrospinal	fluid	 cell	 count,	 protein	 level,	 and	glucose	 levels	 in	 low-birth-weight	
premature	 infants	with	 posthemorrhagic	 hydrocephalus.	J Neurosurg Pediatr.	 2011;7(2).	 doi:	
10.3171/2010.11.PEDS10244.

113.	 Hall	BJ,	Gillespie	CS,	Sunderland	GJ, et al.	Infant	hydrocephalus:	what	valve	first?	Child’s Nerv 
Syst.	2021;37(11).	doi:	10.1007/s00381-021-05326-1.

114.	Malluccio	CL,	Jenkinsono	MD,	Conroyo	EJ, et al.	Silver-impregnated,	antibiotic-impregnated	
or	non-impregnated	ventriculoperitoneal	shunts	to	prevent	shunt	infection:	The	basics	three-arm	
RCT. Health Technol Assess (Rockv).	2020;24(17).	doi:	10.3310/hta24170.

115.	 Bauer	DF,	Baird	LC,	Klimo	P, et al.	Congress	of	Neurological	Surgeons	Systematic	Review	and	
Evidence-Based	Guidelines	on	the	Treatment	of	Pediatric	Hydrocephalus:	Update	of	 the	2014	
Guidelines.	Neurosurgery.	2020;87(6):1071-1075.	doi:	10.1093/neuros/nyaa434.

116. Whitelaw A, Evans D, Carter M, et al.	Randomized	clinical	trial	of	prevention	of	hydrocephalus	
after	intraventricular	hemorrhage	in	preterm	infants:	Brain-washing	versus	tapping	fluid.	Pediatrics. 
2007;119(5).	doi:	10.1542/peds.	2006-2841.

117.	Whitelaw	A,	Jary	S,	Kmita	G, et al.	Randomized	trial	of	drainage,	irrigation	and	fibrinolytic	therapy	
for	 premature	 infants	with	posthemorrhagic	 ventricular	 dilatation:	Developmental	 outcome	 at	
2 years. Pediatrics.	2010;125(4).	doi:	10.1542/peds.	2009-1960.

118.	 Kennedy	CR,	Ayers	S,	Campbell	MJ,	Elbourne	D,	Hope	P,	Johnson	A.	Randomized,	controlled	trial	
of	acetazolamide	and	furosemide	in	posthemorrhagic	ventricular	dilation	in	infancy:	Follow-up	at	
1 year. Pediatrics.	2001;108(3).	doi:	10.1542/peds.	108.3.597.

119.	 Zaben	M,	Manivannan	S,	Sharouf	F, et al.	The	efficacy	of	endoscopic	third	ventriculostomy	in	
children	1	year	of	age	or	younger:	A	systematic	review	and	meta-analysis.	Eur J Paediatr Neurol. 
2020;26.	doi:	10.1016/j.ejpn.	2020.02.011.

120.	Kulkarni	A	V.,	Drake	JM,	Kestle	JR, et al.	Predicting	who	will	benefit	 from	endoscopic	 third	
ventriculostomy	compared	with	shunt	insertion	in	childhood	hydrocephalus	using	the	ETV	success	
score:	Clinical	article.	J Neurosurg Pediatr.	2010;6(4).	doi:	10.3171/2010.8.PEDS103.

121.	Kulkarni	A	V.,	Riva-Cambrin	J,	Browd	SR.	Use	of	the	ETV	Success	Score	to	explain	the	variation	in	
reported	endoscopic	third	ventriculostomy	success	rates	among	published	case	series	of	childhood	
hydrocephalus.	J Neurosurg Pediatr.	2011;7(2).	doi:	10.3171/2010.11.PEDS10296.

122.	Furtado	LM,	da	Costa	Val	Filho	JA,	dos	Santos	Júnior	EC.	External	validation	of	the	ETV	success	
score	in	313	pediatric	patients:	a	Brazilian	single-center	study.	Neurosurg Rev.	2021;44(5).	doi:	
10.1007/s10143-020-01461-6.

123.	Breimer	GE,	Sival	DA,	Brusse-Keizer	MG,	Hoving	EW.	An	external	validation	of	the	ETVSS	for	
both	short-term	and	long-term	predictive	adequacy	in	104	pediatric	patients.	Child’s Nerv Syst. 
2013;29(8).	doi:	10.1007/s00381-013-2122-8.

124.	Gianaris	TJ,	Nazar	R,	Middlebrook	E,	Gonda	DD,	 Jea	A,	 Fulkerson	DH.	 Failure	 of	 ETV	
in	 patients	with	 the	 highest	 ETV	 success	 scores.	 J Neurosurg Pediatr.	 2017;20(3).	 doi:	
10.3171/2016.7.PEDS1655.

125.	Stone	SS,	Warf	BC.	Combined	endoscopic	third	ventriculostomy	and	choroid	plexus	cauterization	
as	primary	treatment	for	infant	hydrocephalus:	A	prospective	North	American	series.	J Neurosurg 
Pediatr.	2014;14(5).	doi:	10.3171/2014.7.PEDS14152.

126.	Warf	BC.	Comparison	of	endoscopic	third	ventriculostomy	alone	and	combined	with	choroid	plexus	
cauterization	in	infants	younger	than	1	year	of	age:	A	prospective	study	in	550	African	children.	
J Neurosurg.	2005;103	PEDIATRICS	(SUPPL.	6).	doi:	10.3171/ped.	2005.103.6.0475.

127.	Yadav	YR,	Bajaj	J,	Ratre	S, et al.	Endoscopic	Third	Ventriculostomy-A	Review.	Neurol India. 
2021;69(Supplement):S502-S513.	doi:	10.4103/0028-3886.332253.

128.	Singhal	A,	Yang	MM,	Sargent	MA,	Cochrane	DD.	Does	optic	nerve	sheath	diameter	on	MRI	
decrease	with	clinically	improved	pediatric	hydrocephalus?	Child’s Nerv Syst ChNS Off J Int Soc 
Pediatr Neurosurg.	2013;29(2):269-274.	doi:	10.1007/s00381-012-1937-z.

129.	Calayag	M,	 Paul	AR,	Adamo	MA.	 Intraventricular	 hemorrhage	 after	 ventriculoperitoneal	
shunt	revision:	A	retrospective	review.	J Neurosurg Pediatr.	2015;16(1).	doi:	10.3171/2014.11.
PEDS14246.

130.	Bouras	T,	Sgouros	S.	Complications	of	endoscopic	third	ventriculostomy:	A	review.	J Neurosurg 
Pediatr.	2011;7(6).	doi:	10.3171/2011.4.PEDS10503.

131.	Abtin	K,	Thompson	BG,	Walker	ML.	Basilar	artery	perforation	as	a	complication	of	endoscopic	
third	ventriculostomy.	Pediatr Neurosurg.	1998;28(1).	doi:	10.1159/000028616.



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   29

132.	Drake	JM,	Rutka	JT,	Dirks	P, et al.	Endoscopic	third	ventriculostomy	in	pediatric	patients:	The	
Canadian	experience.	Neurosurgery.	2007;60(5).	doi:	10.1227/01.NEU.0000255420.78431.E7.

133.	Sellin	 JN,	 Cherian	 J,	 Barry	 JM,	 Ryan	 SL,	 Luerssen	 TG,	 Jea	A.	 Utility	 of	 computed	
tomography	or	magnetic	resonance	imaging	evaluation	of	ventricular	morphology	in	suspected	
cerebrospinal	fluid	 shunt	malfunction:	Clinical	 article.	J Neurosurg Pediatr.	 2014;14(2).	 doi:	
10.3171/2014.4.PEDS13451.

134.	Caldarelli	M,	Di	Rocco	C,	La	Marca	F.	Shunt	complications	 in	 the	first	postoperative	year	 in	
children	with	meningomyelocele.	Child’s Nerv Syst.	1996;12(12).	doi:	10.1007/BF00261592.

135.	Cochrane	DD,	Kestle	J.	Ventricular	shunting	for	hydrocephalus	in	children:	Patients,	procedures,	
surgeons	and	institutions	in	English	Canada,	1989-2001.	In:	European Journal of Pediatric Surgery, 
Supplement.	Vol	12.;	2002.	doi:	10.1055/s-2002-36864.

136.	Al-Tamimi	YZ,	 Sinha	 P,	 Chumas	 PD, et al.	 Ventriculoperitoneal	 shunt	 30-day	 failure	
rate:	A	 retrospective	 international	 cohort	 study.	Neurosurgery.	 2014;74(1).	 doi:	 10.1227/
NEU.0000000000000196.

137.	Thiong’o	GM,	Luzzio	C,	Albright	AL.	Ventriculoperitoneal	shunt	perforations	of	the	gastrointestinal	
tract. J Neurosurg Pediatr.	2015;16(1).	doi:	10.3171/2014.11.PEDS14347.

138.	Harischandra	LS,	Sharma	A,	Chatterjee	S.	 Shunt	migration	 in	 ventriculoperitoneal	 shunting:	
A	comprehensive	review	of	literature.	Neurol India.	2019;67(1).	doi:	10.4103/0028-3886.253968.

139.	Burchianti	M,	 Cantini	 R.	 Peritoneal	 cerebrospinal	 fluid	 pseudocysts:	 a	 complication	 of	
ventriculoperitoneal shunts. Child’s Nerv Syst.	1988;4(5).	doi:	10.1007/BF00271925.

140.	Wong	JM,	Ziewacz	JE,	Ho	AL, et al.	Patterns	in	neurosurgical	adverse	events:	cerebrospinal	fluid	
shunt	surgery.	Neurosurg Focus. 2012;33(5).

141.	Wu	Y,	Green	NL,	Wrensch	MR,	Zhao	S,	Gupta	N.	Ventriculoperitoneal	shunt	complications	in	
California:	1990	to	2000.	Neurosurgery.	2007;61(3).	doi:	10.1227/01.NEU.0000290903.07943.AF.

142.	Casey	AT,	Kimmings	EJ,	Kleinlugtebeld	AD,	Taylor	WA,	Harkness	WF,	Hayward	RD.	The	
long-term	 outlook	 for	 hydrocephalus	 in	 childhood.	Pediatr Neurosurg.	 1997;27(2).	 doi:	
10.1159/000121229.

143.	Kestle	JR,	Riva-Cambrin	J,	Wellons	JC, et al.	A	standardized	protocol	to	reduce	cerebrospinal	fluid	
shunt	infection:	The	Hydrocephalus	Clinical	Research	Network	Quality	Improvement	Initiative.	
Clinical article. J Neurosurg Pediatr.	2011;8(1).	doi:	10.3171/2011.4.PEDS10551.

144.	Shimizu	T,	Luciano	MG,	Fukuhara	T.	Role	 of	 endoscopic	 third	 ventriculostomy	 at	 infected	
cerebrospinal	 fluid	 shunt	 removal:	 Clinical	 article.	 J Neurosurg Pediatr.	 2012;9(3).	 doi:	
10.3171/2011.12.PEDS11229.

145.	O’Brien	DF,	Javadpour	M,	Collins	DR,	Spennato	P,	Mallucci	CL.	Endoscopic	third	ventriculostomy:	
An	outcome	analysis	of	primary	cases	and	procedures	performed	after	ventriculoperitoneal	shunt	
malfunction.	J Neurosurg.	2005;103	PEDIATRICS	(SUPPL.	5).	doi:	10.3171/ped.	2005.103.5.0393.

146.	Kulkarni	A	V.,	Shams	I.	Quality	of	life	in	children	with	hydrocephalus:	Results	from	the	Hospital	
for	Sick	Children,	Toronto.	J Neurosurg.	2007;107(5	SUPPL.).	doi:	10.3171/PED-07/11/358.

147.	Parker	SL,	McGirt	MJ,	Murphy	JA,	Thomas	Megerian	J,	Stout	M,	Engelhart	L.	Cost	savings	
associated	with	 antibiotic-impregnated	 shunt	 catheters	 in	 the	 treatment	 of	 adult	 and	pediatric	
hydrocephalus.	World Neurosurg.	2015;83(3).	doi:	10.1016/j.wneu.	2014.06.010.

148.	Simon	TD,	Riva-Cambrin	J,	Srivastava	R,	Bratton	SL,	Dean	JM,	Kestle	JR.	Hospital	care	for	
children	with	hydrocephalus	in	the	United	States:	Utilization,	charges,	comorbidities,	and	deaths.	
J Neurosurg Pediatr.	2008;1(2).	doi:	10.3171/PED/2008/1/2/131.

149.	Vinchon	M,	Rekate	H,	Kulkarni	A	V.	 Pediatric	 hydrocephalus	 outcomes:	 a	 review.	Fluids 
Barriers CNS.	2012;9(1).	doi:	10.1186/2045-8118-9-18.

150.	Kulkarni	A	V.,	Drake	 JM,	Mallucci	CL,	Sgouros	S,	Roth	 J,	Constantini	S.	Endoscopic	Third	
Ventriculostomy	 in	 the	Treatment	 of	Childhood	Hydrocephalus.	J Pediatr.	 2009;155(2).	 doi:	
10.1016/j.jpeds.	2009.02.048.

151.	Lam	 S,	 Harris	 D,	 Rocque	 BG,	Ham	 SA.	 Pediatric	 endoscopic	 third	 ventriculostomy:	A	
population-based	study.	J Neurosurg Pediatr.	2014;14	(5).	doi:	10.3171/2014.8.PEDS13680.

152.	Kulkarni	A	V.,	Riva-Cambrin	J,	Rozzelle	CJ, et al.	Endoscopic	third	ventriculostomy	and	choroid	
plexus	cauterization	in	infant	hydrocephalus:	A	prospective	study	by	the	Hydrocephalus	Clinical	
Research	Network.	J Neurosurg Pediatr.	2018;21(3).	doi:	10.3171/2017.8.PEDS17217.

153.	Riva-Cambrin	J,	Kestle	JR,	Rozzelle	CJ, et al.	Predictors	of	success	for	combined	endoscopic	
third	 ventriculostomy	 and	 choroid	 plexus	 cauterization	 in	 a	 North	American	 setting:	
A	Hydrocephalus	Clinical	Research	Network	 study.	 J Neurosurg Pediatr.	 2019;24(2).	 doi:	
10.3171/2019.3.PEDS18532.

154.	Kulkarni	A	V.,	Drake	 JM,	Kestle	 JR,	Mallucci	CL,	 Sgouros	 S,	Constantini	 S.	 Endoscopic	
third	 ventriculostomy	 vs	 cerebrospinal	 fluid	 shunt	 in	 the	 treatment	 of	 hydrocephalus	 in	
children:	A	 propensity	 score-adjusted	 analysis.	Neurosurgery.	 2010;67(3).	 doi:	 10.1227/01.
NEU.0000373199.79462.21.



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   30

155.	Riva-Cambrin	J,	Kestle	JR,	Holubkov	R, et al.	Risk	factors	for	shunt	malfunction	in	pediatric	
hydrocephalus:	A	multicenter	prospective	cohort	 study.	J Neurosurg Pediatr.	2016;17(4).	doi:	
10.3171/2015.6.PEDS14670.

156.	Notarianni	C,	Vannemreddy	P,	Caldito	G, et al.	Congenital	hydrocephalus	and	ventriculoperitoneal	
shunts:	Influence	of	etiology	and	programmable	shunts	on	revisions-Clinical	article.	J Neurosurg 
Pediatr.	2009;4(6).	doi:	10.3171/2009.7.PEDS08371.

157.	Bouras	T,	 Sgouros	S.	Complications	 of	 endoscopic	 third	 ventriculostomy.	World Neurosurg. 
2013;79(2	SUPPL.).	doi:	10.1016/j.wneu.	2012.02.014.

158. Melot A, Curey-Lévêque S, Derrey S, et al.	Endoscopic	3rd	ventriculocisternostomy:	Procedural	
complications	and	long-term	dysfunctions?	Neurochirurgie.	2013;59(4-5).	doi:	10.1016/j.neuchi.	
2013.07.001.

159.	 Jung	TY,	Chong	S,	Kim	IY, et al.	Prevention	of	complications	in	endoscopic	third	ventriculostomy.	
J Korean Neurosurg Soc.	2017;60(3).	doi:	10.3340/jkns.	2017.0101.014.

160.	Persson	EK,	Anderson	S,	Wiklund	LM,	Uvebrant	P.	Hydrocephalus	in	children	born	in	1999-2002:	
Epidemiology,	 outcome	 and	 ophthalmological	 findings.	Child’s Nerv Syst.	 2007;23(10).	 doi:	
10.1007/s00381-007-0324-7.

161.	Andersson	S,	Persson	EK,	Aring	E,	Lindquist	B,	Dutton	GN,	Hellström	A.	Vision	in	children	with	
hydrocephalus.	Dev Med Child Neurol.	2006;48(10).	doi:	10.1017/S0012162206001794.

162.	Mankinen-Heikkinen	A,	Mustonen	E.	Ophthalmic	changes	in	hydrocephalus.	Acta Ophthalmol. 
2009;65(1).	doi:	10.1111/j.	1755-3768.1987.tb08496.x.

163.	Gaston	H.	Ophthalmic	complications	of	spina	bifida	and	hydrocephalus.	Eye.	1991;5	(3).	doi:	
10.1038/eye.	1991.44.

164.	Aring	E,	Andersson	S,	Hård	AL, et al.	Strabismus,	binocular	 functions	and	ocular	motility	 in	
children	with	hydrocephalus.	Strabismus.	2007;15	(2).	doi:	10.1080/09273970701405305.

165.	Saunders	KJ,	Margaret	Woodhouse	J,	Westall	CA.	Emmetropisation	in	human	infancy:	Rate	of	
change	is	related	to	initial	refractive	error.	Vision Res.	1995;35	(9).	doi:	10.1016/0042-6989(94)	
00222-8.

166.	Houliston	MJ,	Taguri	AH,	Dutton	GN,	Hajivassiliou	C,	Young	DG.	Evidence	of	cognitive	visual	
problems	in	children	with	hydrocephalus:	A	structured	clinical	history-taking	strategy.	Dev Med 
Child Neurol.	1999;41(5).	doi:	10.1017/S0012162299000675.

167.	Akca	Bayar	S,	Kayaarasi	Ozturker	Z,	Oto	S,	Gokmen	O,	Sezer	T.	Pattern	of	oculomotor	and	
visual	function	in	children	with	hydrocephalus.	J Fr Ophtalmol.	2021;44(9).	doi:	10.1016/j.jfo.	
2021.04.008.

168.	 Jan	 JE,	Groenveld	M.	Visual	 behaviors	 and	 adaptations	 associated	with	 cortical	 and	 ocular	
impairment	in	children.	J Vis Impair Blind.	1993;87(4).	doi:	10.1177/0145482x9308700404.

169.	Das	S,	Montemurro	N,	Ashfaq	M, et al.	Resolution	of	Papilledema	Following	Ventriculoperitoneal	
Shunt	 or	Endoscopic	Third	Ventriculostomy	 for	Obstructive	Hydrocephalus:	A	Pilot	 Study.	
Medicina (Kaunas).	2022;58(2).	doi:	10.3390/medicina58020281.

170.	 Jung	 JH,	Chai	YH,	 Jung	S, et al.	Visual	 outcome	 after	 endoscopic	 third	 ventriculostomy	 for	
hydrocephalus.	Child’s Nerv Syst.	2018;34	(2).	doi:	10.1007/s00381-017-3626-4.

171.	Carruth	BP,	Bersani	TA,	Hurley	PE,	Ko	MW.	Visual	 improvement	 after	 optic	 nerve	 sheath	
decompression	in	a	case	of	congenital	hydrocephalus	and	persistent	visual	loss	despite	intracranial	
pressure	 correction	 via	 shunting.	Ophthal Plast Reconstr Surg.	 2010;26(4).	 doi:	 10.1097/
IOP.	0b013e3181c0e2d0.

172.	Heinsbergen	I,	Rotteveel	J,	Roeleveld	N,	Grotenhuis	A.	Outcome	in	shunted	hydrocephalic	children.	
Eur J Paediatr Neurol.	2002;6(2).	doi:	10.1053/ejpn.	2001.0555.

173.	Fernell	E,	Uvebrant	P,	von	Wendt	L.	Overt	hydrocephalus	at	birth-origin	and	outcome.	Child’s 
Nerv Syst.	1987;3(6).	doi:	10.1007/BF00270705.

174.	Fernell	E,	Hagberg	B,	Hagberg	G,	Hult	G,	Von	Wendt	L.	Epidemiology	of	infantile	hydrocephalus	
in	Sweden:	A	clinical	follow-up	study	in	children	born	at	term.	Neuropediatrics.	1988;19(3).	doi:	
10.1055/s-2008-1052417.

175.	Persson	EK,	Hagberg	G,	Uvebrant	P.	Hydrocephalus	prevalence	and	outcome	in	a	population-
based	 cohort	 of	 children	 born	 in	 1989-1998.	Acta Paediatr Int J Paediatr.	 2005;94(6).	 doi:	
10.1080/08035250510027336.

176.	Adams-Chapman	I,	Hansen	NI,	Stoll	BJ,	Higgins	R.	Neurodevelopmental	Outcome	of	Extremely	
Low	Birth	Weight	Infants	With	Posthemorrhagic	Hydrocephalus	Requiring	Shunt	Insertion	for	the	
NICHD	Research	Network	What’s	Known	on	This	Subject.	Pediatrics. 2010;121(5).

177.	Persson	EK,	Hagberg	G,	Uvebrant	P.	Disabilities	in	children	with	hydrocephalus-A	population-based	
study	of	children	aged	between	four	and	twelve	years.	Neuropediatrics.	2006;37(6).	doi:	10.1055/s-
2007-964868.

178.	Proos	LA,	Dahl	M,	Ahlsten	G,	Tuvemo	T,	Gustafsson	J.	Increased	perinatal	intracranial	pressure	
and	prediction	of	early	puberty	in	girls	with	myelomeningocele.	Arch Dis Child.	1996;75(1).	doi:	



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   31

10.1136/adc.	75.1.42
179.	Kaiser	G,	Ruedeberg	A,	Arnold	M.	Endocrinological	Disorders	in	Shunted	Hydrocephalus.	Eur J 

Pediatr Surg.	1989;44.	doi:	10.1055/s-2008-1043283.
180.	Gupta	N,	Park	J,	Solomon	C,	Kranz	DA,	Wrensch	M,	Wu	YW.	Long-term	outcomes	in	patients	

with	 treated	 childhood	hydrocephalus.	J Neurosurg.	 2007;106(5	SUPPL.).	 doi:	 10.3171/ped.	
2007.106.5.334.

181.	Zimmerman	 K,	May	 B,	 Barnes	 K, et al.	Anxiety,	 depression,	 fatigue,	 and	 headache	
burden	 in	 the	 pediatric	 hydrocephalus	 population.	 J Neurosurg Pediatr.	 2020;26(5).	 doi:	
10.3171/2020.4.PEDS19697.

182.	Dewan	MC,	Lim	J,	Gannon	SR, et al.	Comparison	of	hydrocephalus	metrics	between	 infants	
successfully	treated	with	endoscopic	third	ventriculostomy	with	choroid	plexus	cauterization	and	
those	treated	with	a	ventriculoperitoneal	shunt:	A	multicenter	matched-cohort	analysis.	J Neurosurg 
Pediatr.	2018;21(4).	doi:	10.3171/2017.10.PEDS17421.

183.	Nowosławska	E,	Polis	L,	Kaniewska	D, et al.	[Changes	in	head	circumference	and	ventricular	
system	 size	 after	 neuro-endoscopic	 third	ventriculostomy	 in	 children].	Neurol Neurochir Pol. 
2003;37	(2):365-383.

184.	 Iyer	RR,	Carey	CM,	Rottgers	SA, et al.	Early	 postnatal	 cranial	 vault	 reduction	 and	fixation	
surgery	for	severe	hydrocephalic	macrocephaly.	J Neurosurg Pediatr.	2018;21(5):486-495.	doi:	
10.3171/2017.11.PEDS17173.

185.	Manwaring	JC,	Truong	D,	Deukmedjian	AR, et al.	Cranial	reduction	and	fixation	with	a	resorbable	
plate	combined	with	cerebrospinal	fluid	shunting	for	difficult-to-manage	macrocephaly	related	to	
hydrocephalus:	Case	report.	J Neurosurg Pediatr.	2013;11(2).	doi:	10.3171/2012.10.PEDS12340.

186.	Kulkarni	A	V.,	Drake	 JM,	Rabin	D,	Dirks	 PB,	Humphreys	RP,	 Rutka	 JT.	Measuring	 the	
health	 status	 of	 children	with	hydrocephalus	by	using	 a	 new	outcome	measure.	J Neurosurg. 
2004;101(SUPPL.	2).	doi:	10.3171/ped.	2004.101.2.0141.

187.	Kulkarni	A	V.,	Rabin	D,	Drake	JM.	An	instrument	to	measure	the	health	status	in	children	with	
hydrocephalus:	The	Hydrocephalus	Outcome	Questionnaire.	J Neurosurg. 2004;101(SUPPL. 2). 
doi:	10.3171/ped.	2004.101.2.0134.

188. Hoppe-Hirsch E, Laroussinie F, Brunet L, et al.	 Late	 outcome	 of	 the	 surgical	 treatment	 of	
hydrocephalus.	Child’s Nerv Syst.	1998;14(3).	doi:	10.1007/s003810050186.

189.	Lacy	M,	Pyykkonen	BA,	Hunter	SJ, et al.	Intellectual	functioning	in	children	with	early	shunted	
posthemorrhagic	hydrocephalus.	Pediatr Neurosurg.	2008;44	(5).	doi:	10.1159/000149904.

190.	Topczewska-Lach	E,	Lenkiewicz	T,	Olański	W,	Zaborska	A.	Quality	of	 life	and	psychomotor	
development	after	surgical	treatment	of	hydrocephalus.	Eur J Pediatr Surg.	2005;15(1):2-5.	doi:	
10.1055/s-2005-837436..

191.	Lindquist	 B,	 Persson	 EK,	 Uvebrant	 P,	 Carlsson	 G.	 Learning,	 memory	 and	 executive	
functions	 in	 children	with	 hydrocephalus.	Acta Paediatr Int J Paediatr.	 2008;97(5).	 doi:	
10.1111/j.	1651-2227.2008.00747.x.

192.	Barnes	MA,	Dennis	M.	Reading	in	children	and	adolescents	after	early	onset	hydrocephalus	and	
in	normally	developing	age	peers:	Phonological	analysis,	word	recognition,	word	comprehension,	
and	passage	comprehension	skill.	J Pediatr Psychol.	1992;17(4).	doi:	10.1093/jpepsy/17.4.445.

193.	Caton	B.	Syndrome	of	Nonverbal	Learning	Disabilities:	Neurodevelopmental	Manifestations.	
J Neuropsychiatry Clin Neurosci.	1997;9(2).	doi:	10.1176/jnp.	9.2.299.

194.	Lindquist	B,	Fernell	E,	Persson	EK,	Uvebrant	P.	Quality	of	life	in	adults	treated	in	infancy	for	
hydrocephalus.	Child’s Nerv Syst.	2014;30(8).	doi:	10.1007/s00381-014-2425-4

195.	Peters	NJ,	Mahajan	JK,	Bawa	M,	Sahu	PK,	Rao	KL.	Factors	affecting	quality	of	 life	 in	early	
childhood	in	patients	with	congenital	hydrocephalus.	Child’s Nerv Syst.	2014;30(5).	doi:	10.1007/
s00381-013-2335-x.

196.	Paulsen	AH,	Lundar	T,	 Lindegaard	KF.	 Pediatric	 hydrocephalus:	 40-year	 outcomes	 in	 128	
hydrocephalic	patients	 treated	with	shunts	during	childhood.	Assessment	of	surgical	outcome,	
work	 participation,	 and	 health-related	 quality	 of	 life.	J Neurosurg Pediatr.	 2015;16(6).	 doi:	
10.3171/2015.5.PEDS14532.

197.	Fletcher	JM,	Landry	SH,	Bohan	TP, et al.	Effects	of	intraventricular	hemorrhage	and	hydrocephalus	
on	the	long-term	neurobehavioral	development	of	preterm	very-low-birthweight	infants.	Dev Med 
Child Neurol.	1997;39(9).	doi:	10.1111/j.	1469-8749.1997.tb07495.x.

198.	Fletcher	 JM,	 Brookshire	 BL,	 Landry	 SH, et al.	 Behavioral	 adjustment	 of	 children	with	
hydrocephalus:	Relationships	with	etiology,	neurological,	and	family	status.	J Pediatr Psychol. 
1995;20(1).	doi:	10.1093/jpepsy/20.1.109.

199.	Kulkarni	A	V.,	Cochrane	DD,	McNeely	PD,	Shams	I.	Medical,	Social,	and	Economic	Factors	
Associated	with	Health-Related	Quality	 of	Life	 in	Canadian	Children	with	Hydrocephalus.	
J Pediatr.	2008;153(5).	doi:	10.1016/j.jpeds.	2008.04.068.

200.	Kulkarni	A	V.,	Sgouros	S,	Leitner	Y,	Constantini	S.	International	Infant	Hydrocephalus	Study	(IIHS):	
5-year	 health	 outcome	 results	 of	 a	 prospective,	multicenter	 comparison	 of	 endoscopic	 third	



 

Bhatjiwale, et al: 
Congenital Hydrocephalus

   32

ventriculostomy	(ETV)	and	shunt	for	infant	hydrocephalus.	Child’s Nerv Syst.	2018;34(12).	doi:	
10.1007/s00381-018-3896-5.

201.	Kulkarni	A	V.,	 Shams	 I,	Cochrane	DD,	McNeely	PD.	Quality	 of	 life	 after	 endoscopic	 third	
ventriculostomy	and	cerebrospinal	fluid	shunting:	An	adjusted	multivariable	analysis	in	a	large	
cohort-Clinical article. J Neurosurg Pediatr.	2010;6(1).	doi:	10.3171/2010.3.PEDS09358.

202.	Dhandapani	M,	Yagnick	NS,	Mohanty	M,	Ahuja	CK,	Dhandapani	S.	Clinical	Outcome,	Cognitive	
Function,	and	Quality	of	Life	after	Endoscopic	Third	Ventriculostomy	versus	Ventriculo-Peritoneal	
Shunt	 in	Non-Tumor	Hydrocephalus.	Neurol India.	 2021;69(Supplement):S556-S560.	 doi:	
10.4103/0028-3886.332271.

203.	Garg	S,	Kulkarni	S,	Deopujari	CE,	Biyani	N.	Study	of	Neurodevelopmental	Outcome	in	Patients	
with	Non-tumoral	Hydrocephalus	with	Shunt	 Surgery	Done	 in	 Infancy.	J Pediatr Neurosci. 
2021;16(1).	doi:	10.4103/jpn.JPN_37_20.

204.	Mandell	JG,	Kulkarni	A	V.,	Warf	BC,	Schiff	SJ.	Volumetric	brain	analysis	in	neurosurgery:	Part	2.	
Brain	and	CSF	volumes	discriminate	neurocognitive	outcomes	in	hydrocephalus.	J Neurosurg 
Pediatr.	2015;15(2).	doi:	10.3171/2014.9.PEDS12427.

205.	Kulkarni	A	V.,	Donnelly	R,	Mabbott	DJ,	Widjaja	E.	Relationship	between	ventricular	size,	white	
matter	 injury,	 and	neurocognition	 in	children	with	 stable,	 treated	hydrocephalus.	J Neurosurg 
Pediatr.	2015;16(3).	doi:	10.3171/2015.1.PEDS14597.

206.	Riva-Cambrin	J,	Kulkarni	A	V.,	Burr	R, et al.	 Impact	of	ventricle	size	on	neuropsychological	
outcomes	in	treated	pediatric	hydrocephalus:	an	HCRN	prospective	cohort	study.	J Neurosurg 
Pediatr.	2021;29(3).	doi:	10.3171/2021.8.peds21146.

207.	Bourgeois	M,	Sainte-Rose	C,	Cinalli	G, et al.	Epilepsy	in	children	with	shunted	hydrocephalus.	
J Neurosurg.	1999;90(2).	doi:	10.3171/jns.	1999.90.2.0274.

208.	Sobana	M,	Halim	D,	Aviani	JK,	Gamayani	U,	Achmad	TH.	Neurodevelopmental	outcomes	after	
ventriculoperitoneal	 shunt	 placement	 in	 children	with	 non-infectious	 hydrocephalus:	 a	meta-
analysis. Child’s Nerv Syst.	2021;37(4).	doi:	10.1007/s00381-021-05051-9.



Core Editorial Committee

Dr Paritosh Pandey, Bangalore - Chairperson

Dr P Sarat Chandra, New Delhi - Editor, Neurology India

Dr Dilip Panicker, Kochi - Member

Dr Manas Panigrahi, Hyderabad - Member

Dr Kaushik Sil, Kolkata - Member

Dr Ranjith K Moorthy, Vellore - Member

Dr Savitr Sastri, Hyderabad - Associate Editor

Ex-officio members

Dr V P Singh, President, NSI
Dr Y R Yadav, President-elect, NSI
Dr K Sridhar, Secretary, NSI
Dr S S Kale, Treasurer, NSI


