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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
I
II
III
IV
V

Period of Gestation
8‑21 weeks of gestation
22‑31 weeks of gestation
32‑40 weeks of gestation (period of premature
birth, if occurs)
0‑4 weeks post‑natal (neonatal hydrocephalus)
5‑50 weeks post‑natal (infantile hydrocephalus)

Stage of Neuronal Development
Cell proliferation
Cell differentiation and migration
Axonal maturation
Dendritic maturation
Myelination
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Table 2: Common causes of infantile hydrocephalus
Etiology
Pathologies
Obstruction to CSF At the level of the foramen of Monro
pathways
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
Post‑traumatic
hydrocephalus
Superior vena cava obstruction
Idiopathic
Communicating
Posthemorrhagic
hydrocephalus
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
Choroid plexus tumors
CSF

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
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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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Table 3: Linear measurements for ventriculomegaly on trans‑cranial
ultrasound
Measurement
Ventricular
Index (VI)

Description
Normal Mean Value Formula[36]
Most commonly used measurement. The As per graph (Levene et al)[38]
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]
Anterior Horn WidthThe distance between the medial wall and 0.71+0.019×GA (weeks)
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].
Thalamo‑Occipital The posterior‑most point of the thalamus, 13.5+0.109×GA (weeks)
Distance
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.
Third Ventricle
Measurement of inner edge to the inner
0.064+0.033×GA (weeks)
Width
edge of the third ventricle at a line passing
through the foramen of Monro[36].
Fourth Ventricular Measured in an oblique/transverse plane Width
Width and Length through the posterior fossa with the 4th
1.33+0.14×GA (weeks)
ventricle visualized as a triangle. Width:
Length
The distance between the lateral recesses
4.24+0.017×GA (weeks)
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].

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.
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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 Fairly accurate
Posterior fossa
(tcUS)
visualization is limited
Inexpensive
Bedside screening tool through an open fontanelle
Followup of infants with known ventriculomegaly
Computed
A fast, efficient way to determine the size of
Inferior anatomical details
& ionizing exposure
Tomography (CT) ventricles
(1 in every 97 children
Useful in emergency settings
who undergo a CT
More widely available than MRI
scan have a risk of a
CT ventriculography assesses the efficacy of
fatal malignancy in their
ETV and other endoscopic procedures such as
lifetime)
aqueductal stenosis stenting and arachnoid cyst
fenestration.
Magnetic
Gold standard to visualize the ventricular system
Cost
Resonance
and associated anomalies.
Limited availability
Imaging (MRI)
Sagittal steadystate T2 imaging is helpful to evaluate Difficult to obtain an
the suitability of ETV and the functioning of the
optimal study in irritable/
ventriculostomy.
uncooperative children
Phasecontrast sequences ® ‑ CSF flow velocity and without sedation.
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.
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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
Grade I
Grade II
Grade III
Grade IV

Description
Isolated germinal matrix hemorrhage
Intraventricular extension of hemorrhage with normal ventricular size
Intraventricular hemorrhage with dilated ventricles
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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Table 6: Current evidence in the management of PHH.
Level of Evidence Treatment
Recommendation
Level I
Non‑surgical temporizing
Not recommended
measures: Intraventricular
No difference in mortality and need for
thrombolytic agents (tissue
shunt placement in premature infants
Plasminogen Activator, Urokinase, with PHH, compared to those without the
Streptokinase)
intervention.
Level I
DRIFT (Drainage, Irrigation,
Not recommended
Fibrinolytic) – Reducing
No decrease in shunt dependence or
pro‑inflammatory cytokines and
neurological disability. Increased risk of
decreasing ICP and PHVD.
secondary IVH116,117.
Level I
Non‑surgical temporizing
Not recommended
agents (Acetazolamide and
No difference in mortality and need for
Furosemide)
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
Not recommended
punctures (10 ml/kg daily CSF
No reduction in disability or need for
drainage over 2‑3 weeks)
ventriculoperitoneal shunts. Increased
risk of infection86.
Level II
Surgical temporizing
Are viable treatment options in the
measures ‑ Ventricular access
management of PHH but require clinical
devices (VAD)/reservoirs,
judgment.
external ventricular drains (EVD), As compared to VADs, VSG shunts
ventriculo‑subgaleal (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 Insufficient evidence
to guide the timing of shunt
placement.
Level III
Endoscopic third ventriculostomy Insufficient evidence
in the treatment of PHH
Level III
Neuro‑endoscopic lavage in the A feasible and safe option for removing
treatment of PHH
intraventricular blood products and may
lower the rate of shunt placement103

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,
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Table 7: Comparisons between the various surgical temporizing methods in
current practice
Temporizing Methods Advantages
Disadvantages
Serial lumbar
Mixed results on effect on cessation Daily LPs are burdensome for the
punctures (LP)
of progression of the hydrocephalus,performing surgeon as well as the
from no effect[84] to a benefit in 75% infant.
of infants[85].
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
Continuous drainage of sufficient
The risk of infection ranges from
drains
CSF to reduce ICP.
5.4% to 40%[91,92].
Familiar to most surgeons
Hyponatremia due to external CSF
Resolves PHH/avoids the need for drainage.
permanent CSF diversion in 30‑40% Inadequacy of subgaleal tunneling
of infants[87–90]
due to the fragile thin scalp.
Ventricular access
More controlled CSF aspiration and Increased need for permanent CSF
devices/reservoirs
easy accessibility to CSF compared diversion compared to EVDs[94-96]
to serial LPs.
Hyponatremia
Less morbidity and mortality
Damage to the skin from multiple
compared to EVDs[93]
taps
Ventriculo‑subgaleal
Reduces the need for daily tapping. Abrupt CSF drainage externally
shunts
leads to hemorrhage[98]
Decreased risk of infection
compared to EVDs and VADs
Subdural hygromas
Lower incidence of slit ventricles[97] Scalp dehiscence/CSF leak[98]
Avoids risk of hyponatremia[98]
Catheter migration into
[91]
Some reports suggest a lower need ventricles100/subgaleal space .
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]
Valveless
Easy addition of a valve for
Higher rates of obstruction
ventriculoperitoneal
conversion to a standard fixed
compared to standard VP shunts[101].
shunts
pressure VP shunt.
Limited data are available on the
effect on shunt dependence/need
for a permanent CSF diversion
procedure.
Endoscopic third
Avoids complications of an external Low success rates and higher
ventriculostomy
implanted device
rates of need for permanent CSF
diversion.
Insufficient evidence to recommend
its use[93]

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.
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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

No IVH

Grade I/II IVH

Repeat imaging 4-6
weeks after delivery

Follow up tcUS
weekly therafter

Resolution of
hemorrhage

Symptomatic infant/
Signs of raised ICP
- tcUS

Grade III/IV

Surgical temporizing
measure (VSGS)

Follow up (Head
circumference + tcUS +
status of subgaleal
pouch)

Post hemorrhagic
ventricular dilatation

Collapsed pouch

No hydrocephalus -->
Can remove VSGS
(Shunt-free)

Clinical follow up

Recurrent
hydrocephalus

Significant clot load

Consider
Neuroendoscopic
Lavage + VSGS

Tense pouch with
recurrent/ persistent
hydrocephalus

No contraindications
to permenant CSF
diversion/ Child can
tolerate the procedure

Ventriculoperitoneal
Shunt

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.
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