
SPECIAL ANNUAL ISSUE

Neuroendoscopy for post-infective hydrocephalus in children

Chandrashekhar E. Deopujari1 & Llewelyn Padayachy2 & Alias Azmi3 & Anthony Figaji4 & Saurav K. Samantray5

Received: 30 June 2018 /Accepted: 2 July 2018 /Published online: 11 August 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
The treatment of hydrocephalus has changed in recent years with better imaging and introduction of endoscopic procedures as
well as enhanced shunts. Indications of endoscopic third ventriculostomy (ETV) are now more refined with better quantification
of outcome. This article reviews the current state of neuroendoscopy for infective hydrocephalus in children. The roles of third
ventriculostomy as a primary procedure or after shunt malfunction, endoscopic interventions in multiloculated hydrocephalus
and introduction of intraventricular lavage to salvage severely infected children are evaluated.
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Introduction

Endoscopic third ventriculostomy (ETV) has been controver-
sial for post-infective hydrocephalus (PIHC). Post-infectious
aetiology is a low score criterion in ETV Success Score (ESS)
[25]. This seems logical due to the scarring of subarachnoid
spaces and arachnoid villi with subsequent defective absorp-
tion leading to communicating hydrocephalus in most of these
cases. Shunts have, therefore, been traditionally used as a
primary surgical treatment for this variety of hydrocephalus.
The favourable Ugandan experience [51] with endoscopy,
however, has prompted many workers to revisit this indica-
tion, and we now have a better understanding of ETV as a
primary procedure or after shunt failure. The addition of

choroid plexus coagulation (CPC) has improved the outcome
of ETV in some reports [50].

An unquestionable additional benefit of endoscopy is to
open up CSF pathways in complex, often multiloculated,
post-infective hydrocephalus with several procedures viz.
septostomy, foraminoplasty, aqueductoplasty and fenestration
of various membranes simplifying the hydrocephalus and,
thereby, reducing the number of shunt implantations.

Endoscopic ventricular lavage (EVL) is being increasingly
performed in severe cases of post-meningitic ventriculitis in
some centres, with variable success in avoiding hydrocepha-
lus, shunt implantation and delaying shunt blockage and is
currently under investigation.

Pathophysiology of infective hydrocephalus

The effects of a CNS infection on CSF dynamics depend
on the period of the primary infection (prenatal, neonatal
or post-neonatal) as well as on the infectious agent (bac-
terial, viral, parasitic) [11]. Leptomeningeal inflammation
[7, 24], ependymal erosive necrosis with resultant
ventriculomegaly and blockage of aqueduct by intraven-
tricular inflammatory debris are the various causes for
hydrocephalus attributed to prenatal toxoplasmosis infec-
tion [45]. Cytomegalovirus (CMV) is the other prenatal
infection leading to hydrocephalus, though the incidence
is much less (10–15%) [7] and is mostly due to
encephalomalacia causing volume loss. Leptomeningeal
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inflammation with thickening also contributes, and it is
very rarely due to blockage of the aqueduct [34].

Neonatal infections are primarily bacterial and predomi-
nantly caused by coagulase negative staphylococci followed
by other gram-positive and gram-negative organisms and re-
sult in communicating tetraventricular hydrocephalus fre-
quently (> 50%) in early course of the disease [7, 12]. This
may, however, subside with resolving infection, and if this
persists, this may result in obstructive hydrocephalus in a de-
layed fashion due to aqueductal or 4th ventricular outlet
blockage [42]. Hydrocephalus is commonly associated with
partially treated meningitis, occurring more commonly in ne-
onates and infants, especially with group B streptococcus type
III [9]. In gram-negative infections, the ventriculitis and
ependymal inflammation is much more common, frequently
resulting in multiloculated hydrocephalus. Haemophilus
influenzae is the causative agent of post-neonatal infections
in most (> 60%) of cases [8], although there has been a decline
with progressive vaccination. Hydrocephalus does not com-
monly follow (approx.10%), as basal meningitis is less com-
mon and choroid plexitis results in less CSF production [7].
Gram-negative ventriculitis can progress to obstructive or
communicating hydrocephalus in many cases. Tubercular
meningitis (TBM) is a very common cause in children in
Africa, India and other south Asian countries. Though pre-
dominance of basal meningitis commonly results in commu-
nicating hydrocephalus, recent reports suggest a large number
of them may be obstructive at aqueduct or 4th ventricular
outlet level or rarely because of mass effect of a strategically
placed tuberculoma [13, 29, 41, 51].

Development of complex, multiloculated
hydrocephalus

The pathophysiology of multiloculated hydrocephalus in-
volves denuding of the ependymal cells with protrusion of
underlying glial cells into the ventricular lumen. These cells
then act as a nidus upon which fibro-glial septations can de-
velop, leading to isolated compartments of CSF [38]. It is a
progressive process, with new septae usually continuing to
develop, transforming the normal anatomical landscape of
the ventricles from a single large system, into multiple non-
communicating compartments [43]. Further enlargement of
compartments depends on inflammatory exudates with en-
trapment of CSF. Some loculations may not enlarge if the
membranes are still permeable to CSF flow or if the initial
insult has involved the choroid plexus, thus impairing CSF
production [43]. The chemical ventriculitis which follows in-
traventricular haemorrhage or post-infectious ventriculitis
usually occurs in the neonatal period, and these early insults
usually lead to the formation of septations within the ventric-
ular system [1, 38, 43]. Other iatrogenic causes also play an

important role, such as shunt infection, direct trauma to the
ependymal cells during catheter insertion, over-drainage or
even simply decompression of existing loculations which
brings chronically inflamed ventricle walls together, allowing
adherence and formation of new septae [17, 32, 43].
Multiloculated hydrocephalus may also occur in association
with prematurity-related IVH, birth trauma, CNS tumours,
head injury and other intracranial surgery [1, 28, 43, 56].

Role of imaging

Ultrasonography

Warf’s findings [51] included a small IV ventricle in 44%
cases on pre-operative ultrasound imaging (which has corre-
lated 100% with an obstructed aqueduct in patients undergo-
ing ventriculoscopy) in patients with post-infective hydro-
cephalus (PIHC). Many patients had intraventricular
septations on ultrasound, indicative of prior ventriculitis.

Ultrasound is very useful for evaluating multiloculated hy-
drocephalus, particularly in infants to demonstrate cysts and
loculations as it requires a patent anterior fontanelle. It is non-
invasive, allows multiplanar real-time imaging and can be
used to confirm adequate fenestration intraoperatively. The
main limitation remains operator dependency (Fig. 1).

Pneumoencephalography

A simple technique of prediction of success of ETV was de-
scribed by Figaji et al., where entry of air in the ventricular
system by lumbar puncture route has been considered a neg-
ative predictor due to communicating nature of hydrocephalus
in tuberculous meningitis patients [15]. Air studies in non-

Fig. 1 Ultrasound image of an infant showing multiple loculations and
dilated ventricles
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communicating hydrocephalus show air typically trapped in
the prepontine cistern; release of this air during an ETV can be
helpful to identify entry into the cisternal space as these cases
typically have cisterns filled with exudate and obscured
anatomy.

CT brain

It is easily available, inexpensive and quick, avoiding the need
for sedation or anaesthesia and can be performed even in un-
stable patients with altered sensorium and is therefore the most
common investigation in children. The presence of ventricular
dilatation and periventricular ooze will suggest active hydro-
cephalus with meningeal enhancement on contrast adminis-
tration, and basal exudates can be well visualised in tubercular
meningitis (TBM). It may also demonstrate associated ische-
mia or infarction, cerebritis with parenchymal enhancement
and tuberculoma, if any. However, CT scan cannot always
differentiate between communicating and non-communicat-
ing hydrocephalus [4].

Dynamic invasive studies like CT scan with air encepha-
lography or CT ventriculogram further aid in the determina-
tion of the level of obstruction and differentiation between
communicating and non-communicating hydrocephalus.
Since it is an invasive procedure, this technique is not widely
used, especially due to the wider availability of MR imaging.

Multiloculated hydrocephalus may have a higher preva-
lence than appreciated and often overlaps with manifestations
of shunt malfunction [43]. It is often detected after a shunt
revision demonstrating collapse of the drained ventricular
compartment with persisting dilatation of the isolated com-
partments [33]. Contrast CT ventriculography has also been
used to assess communication between the various compart-
ments pre- and post-operatively [2, 28].

MRI brain, MR angiogram and Cine MRI

Contrast-enhanced MR imaging demonstrates abnormal men-
ingeal enhancement usually in the basal cisterns and also in
other cisterns in severe cases. It also reveals information about
hydrocephalus and tuberculomas. Vasculitis in the region of
brainstem and basal ganglia is depicted better because of dis-
tinction between oedema and infarcts. It can also differentiate
between communicating and obstructive hydrocephalus.
Chugh et al. strongly advocated use of Cine MRI as a non-
invasive tool of assessment and for comparison post-opera-
tively in TBMH (TBM hydrocephalus) [5].

MRI is also considered as the preferred imaging modality
for diagnosis of multiloculated hydrocephalus. It provides
multiplanar views with higher spatial resolution and better
sensitivity for revealing septations. Specific sequences like
constant interference steady state (CISS), which is a T2-
weighted gradient echo sequence, provide remarkable

morphological detail. MR ventriculography (MRV) involves
injection of contrast material directly into a cyst cavity to
verify communication with the surrounding ventricular sys-
tem also defining the margins of these compartments. The
procedure allows more appropriate treatment planning but is
invasive and requires multiple punctures for different com-
partments to be accessed and rotation of the patient’s head in
all directions to spread the contrast material [17].

Endoscopic interventions

Endoscopic third ventriculostomy

It is now a well-established treatment modality for obstructive
hydrocephalus with a success rate of 60–85% in most series
[14, 23]. Figaji et al., Jonathan et al. and Husain et al. reported
the first use of ETV in TBMH [14, 20, 23]. Raouf et al. re-
ported successful outcome of ETV in 55.9% in 35 cases of
hydrocephalus secondary to intracranial infection [36].

Warf [51] reported the following frequent findings among
patients with PIHC on endoscopy: aqueduct obstruction by a
webof tissue; yellowdeposits on ependyma (Fig. 2) and choroid
plexus;hemosiderin stainingonependyma, floorof3rdventricle
andperiaqueductal areas; intraventricularwebbingandanatomic
distortion; scarring; and atrophy of choroid plexus. All these
findings point towards previous inflammation as the cause of
the hydrocephalus in these patients, and it is often non-commu-
nicating in nature. In Warf's study of 300 consecutive children
with hydrocephalus, 60% of patients had a CSF infection as the
aetiology [49]. Later, in his 5-year outcome study of a cohort of
149patientsofPIHC,56.4%ofpatientsweresuccessfully treated
with ETVwithout the need for a shunt [52].

ETV causes diversion of CSF to previously inaccessible
areas and clears exudates from the areas which had impaired
absorption [20, 23]. It also decreases the transventricular pres-
sure gradient and the demyelination of periventricular brain

Fig. 2 Endoscopic view of yellow ependymal deposits in post-infective
hydrocephalus
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parenchyma, which could contribute to some symptoms of
hydrocephalus [18, 35]. The improved CSF dynamics facili-
tate better penetration of antiTB drugs. Alteration in
haemodynamics may also allow better drug delivery [20, 35].

Chugh et al. concluded that ETV should be considered as the
first surgical option for CSF diversion in patients with TBMH.
Cine MRI as a non-invasive tool of assessment and post-opera-
tive comparison was strongly recommended by them. They
found that patients with chronic disease and longer duration of
ATTadministration respondedwell [5].On the contrary, patients
with higher stage of illness and cisternal exudates as observed
intraoperatively had a poorer outcome. Singh et al. reported a
77% success rate of ETV—60% early and 17% delayed. They
reported the presence of a thin and transparent third ventricular
floor to be a favourable prognostic indicator [41].

It appears that favourable cisternal anatomy around the third
ventricle and thickness of third ventricular floor is the major
determinants of the success of ETV in TBMH [5]. However,
TBMH is notorious for thick and fibrous exudates in the
interpeduncular and the perimesencephalic cisterns (Fig. 3).
This also adds to the difficulty in identifying the anatomical
landmarks and increases the risk of complications. ETV in
PIHC is thus technically demanding and should be done by an
experienced neurosurgeon that has good training and expertise
in ETV, typically because the floor is thickened (Fig. 4) and
challenging to perforate, and confirmation of cisternal entry is
difficult [13].Variable indications for endoscopy inTBMHhave
been reported, from ETV used strictly for non-communicating
hydrocephalus andmedical management or VP shunts for com-
municating hydrocephalus [13] to a less restricted use of ETVin
all patients as a first procedure [5]. Themost commonly reported
complications of ETV are failure to perform the ETV due to
anatomical distortions and CSF leaks [23]. Due to poor results
in an acute phase of tubercular meningitis, it is felt that shunt
insertion couldbe advised to startwith and theETVisperformed
when shunt malfunction occurs [55].

Choroid plexus coagulation to supplement ETV

Choroid plexus coagulation has been thought to be beneficial as
it diminishes the CSF production and can thus increase the
success rate of ETV. Warf et al. [50] conducted a prospective
study in Uganda to determine if the outcome of bilateral CPC +
ETVwas superior to ETValone. ETVwas accomplished in 550
children of which 266 underwent combined ETV + CPC and
284 underwent ETValone. Fifty eight percent (320 cases) of the
children studied had post-infectious hydrocephalus. Overall,
the success rate of ETV + CPC (66%) was superior to that of
ETV alone (47%) among infants younger than 1 year of age
(p < 0.0001). Although the difference was not significant for
PIHC (62% compared with 52% success, p = 0.1607), a benefit
was not ruled out (power = 0.3). For patients at least 1 year of
age, there was no difference between the two procedures (80%
success for each, p = 1.0000). The overall surgical mortality rate
was 1.3%, and the infection rate was less than 1%.

Late follow-up analysis of the Ugandan study patients
showed that there was no significant difference between the
ETV + CPC group and the ventriculoperitoneal-shunt group
in BSID-3 motor or language scores, rates of treatment failure
(35 and 24%, respectively; hazard ratio, 0.7; 95% CI, 0.3 to
1.5; p = 0.24), or brain volume (z score, − 2.4 and − 2.1, re-
spectively; estimated difference, 0.3; 95%CI, − 0.3 to 1.0; p =
0.12). This single-centre study involving Ugandan infants
with post-infectious hydrocephalus showed no significant dif-
f e r enc e be tween endo s cop i c ETV + CPC and
ventriculoperitoneal shunting with regard to cognitive out-
comes at 12 months [26]. The procedural success rates were
not significantly different but failure occurred in 35% of the
ETV + CPC group and 24% in the shunt group; there were
two deaths, both randomised to the ETV + CPC group. Some
improvement with the addition of CPC to ETV has been noted
in infants with post-infective hydrocephalus by others as well
[53]. Recently, in a North American multicentre prospective

Fig. 3 Endoscopic view after perforation of third ventricular floor
showing prepontine adhesions in TBM

Fig. 4 Endoscopic view of thickened third ventricular floor in TBMH
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study of infant hydrocephalus in which patients treated with
ETV + CPC were matched with patients treated with ETV
alone or ventriculoperitoneal shunting, the success rate for
ETV + CPC was 36%, was significantly lower than for
shunted patients and was not significantly different than for
ETV alone, although the authors note that the study was not
powered to show this [27].

ETV after shunt infection (secondary ETV)

The role of ETVas a primary treatment for hydrocephalus and
as an alternative to shunt revision (secondary ETV) in infected
and malfunctioning shunts was analysed by O’Brien DF and
group [31]. Seventy-four percent of cases in the primary ETV
group and 70% in the secondary group had a successful out-
come. The success rate of secondary ETVinmechanical shunt
malfunction alone was 67% as compared to 79% in infected
malfunctioning shunts. The aetiology of hydrocephalus was
evaluated as a factor contributing to the success of ETV. In the
primary group, infective aetiology led to a poor outcome.
However, in the secondary group, 75% cases with infection
had a successful outcome. They concluded that the success of
secondary ETV, unlike primary ETV, is not origin-specific.

Thirty patients treated with third ventriculostomy for
malfunctioning or infected shunts were retrospectively
reviewed by Cinalli G et al. 76.7% experienced successful
outcomes, resulting in shunt independence. They concluded
that ETV is a valuable alternative to shunt revision in patients
affected by obstructive hydrocephalus presenting with shunt
malfunction or infection [6].

Shimizu et al. suggested that secondary ETV can be used in
shunt infections. Although the procedure does not obviate the
need for later shunt implantation, it is shown to delay the
subsequent procedures [40]. When performing a secondary
procedure, some studies recommend removal or blockage of
the malfunctioning shunt. This is shown to increase the lon-
gevity of the procedure [10].

In our experience, 36 patients underwent secondary ETV
from 2004 to 2017, of whom, 15 had an infective aetiology as
the cause of shunt malfunction. Our success rate for secondary
ETV in these cases was 70%. The most important criterion to
guide us to ETV was the radiological anatomy showing the
triventricular enlargement as described by Cinalli et al. in
2012 [44].

Endoscopy in Neurocysticercosis

Hydrocephalus due to neurocysticercosis (Fig. 5) usually
portends a poor prognosis and shunt failure is a common
complication. An early extraction of parasite plus ETV
may improve an outcome and reduce shunt failure [19, 48].
ETV and removal of the NCC was found to be better
than shunt surgery [21].

Endoscopic strategies in multiloculated
hydrocephalus

Multiloculated hydrocephalus is characterised by isolated
compartments of CSF within the ventricular system, which
progressively enlarge despite the presence of a functioning
shunt [56]. Spennato et al. classified multiloculated hydro-
cephalus morphologically as multiple intraventricular
septations isolated lateral ventricle/unilateral hydrocephalus
(Fig. 6), entrapped temporal horn, isolated fourth ventricle
and expanding cavum septae pellucidi/cavum vergae.
Andresen and Juhler also proposed a classification system
based on both anatomy and physiology of CSF absorption
[3]. Akbari et al. advocated a grading system to guide clinical
decision-making regarding treatment choice, the efficacy of
treatments and prognosis [1]. A universal classification sys-
tem for multiloculated hydrocephalus which accounts for
supratentorial and infratentorial loculations, which often occur

Fig. 5 Endoscopic view of cysticercus granuloma blocking the foramen
of Monroe

Fig. 6 Axial T1 contrast enhanced image demonstrating isolated
ventricular compartments in a case of post-infective hydrocephalus
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concurrently, would be useful, making uniform analysis pos-
sible [3, 56].

Management of multiloculated hydrocephalus remains a
challenge. The goal remains to create a single communicating
system drained by one ventricular catheter, i.e., simplification
of the hydrocephalus [1, 3, 16, 17, 28, 43, 56]. Placement of
multiple ventricular catheters may effectively drain non-
communicating compartments, but the increasingly complex
shunt system required is far from desirable [1, 28, 30, 37, 56].

Wide fenestration of membranes appears to be the more ben-
eficial procedure, and this can be accomplished through open
microsurgery or endoscopic surgery [1, 3]. Endoscopic fenes-
tration has demonstrated decreased blood loss, shorter opera-
tive time with lower morbidity and decreased length of hos-
pital stay [1, 28]. Placement of shunt catheters under endo-
scopic guidance may also lower the risk of shunt malposition
[38] (Fig. 7a, b). Endoscopic fenestration therefore remains
the preferred treatment option for multi loculated

Fig. 7 a Post-shunting CT brain shows unilateral drainage in a case of TBMH. b Post-op scan after septostomy showing symmetrical drainage of both
ventricles

Fig. 8 Contrast CTscan of pyogenic ventriculitis characterised by ependymal enhancement (inflammation of the ependyma), obstructive hydrocephalus
and presence of suppurative material within dependent area of the ventricles
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hydrocephalus, especially in infants, with open fenestration
likely best reserved for severe or refractory cases [1, 16, 28,
56].

Neuroendoscopic experience and good planning are criti-
cal. These are often difficult cases—the ventricular anatomy is
usually severely distorted and anatomical landmarks are often
unclear [38]. Intraoperative decisions about where to create
fenestrations are often more difficult in reality than the sur-
geon expects. Operative morbidity is increased in inexperi-
enced hands by becoming disoriented in the ventricular sys-
tem. A thorough pre-operative plan is essential, with the goals
of the surgery clearly considered. Oftentimes, non-standard
entry routes are chosen to maximise access to various com-
partments. This increases the chance of disorientation.
Neuronavigation is invaluable as a pre-operative planning
tool. This does however become less accurate with intraoper-
ative brain shift due to CSF movement and real-time intraop-
erative image guidance with ultrasound or intraoperative MRI
have been proven useful [33, 38, 46]. Flexible endoscopy may
be valuable in navigating difficult trajectories, but visibility is
often not as good, and it is even easier to become disoriented
when not operating in a straight line. Intraventricular mem-
branes are often tough to fenestrate and this may require the
assistance of sharp dissection, cautery or laser. Wide fenestra-
tions are necessary as the proinflammatory environment often

persists for a prolonged time and closure of fenestrations is
common.Where possible, it is worthwhile leaving the ventric-
ular catheter traversing the fenestrations, with proximal perfo-
rations made on the catheter length where necessary.

The extent of neurological morbidity and developmental
delay is determined by the underlying aetiology in
multiloculated hydrocephalus, and the goal of surgery is there-
fore to limit the number of procedures and ideally facilitate
insertion of a single ventricular catheter or even avoid catheter
placement altogether, where possible [32, 37]. If a shunt is to
be placed, it must be remembered that long procedures in-
crease the risk of a shunt infection; therefore, unnecessary
fenestrations of questionable benefit may not be in the pa-
tient’s best interest if these prolong the procedure unduly.

Intraventricular endoscopic lavage

The treatment of infective hydrocephalus in children, especial-
ly infants, remains a great challenge due to difficulty in erad-
icating the infective materials and inflammatory debris within
the CSF pathway in a short period of time. External ventricu-
lar drainage (EVD) is frequently not effective and is associat-
ed with risks of secondary infection. The subsequent
ventriculoperitoneal shunt is often complicated by recurrent
blockage, repeated shunt infection and shorter shunt survival

Fig. 9 Surgical approaches: a
Unilateral intraventricular
endoscopic lavage (iVEL) with
septum pellucidotomy has its own
limitation and will not be able to
remove the hidden pocket of
slough (red) located medial to the
contralateral occipital horn. b
Bilateral iVEL allows direct
access and wider view (green
triangle) to occipital horn and
third ventricle

Fig. 10 Technique for removal of infective materials. aAspiration of pus without irrigation. b Sweeping and aspiration using the infant feeding catheter.
c BFish-biting^ suction within floor of third ventricles. d Endoscope grasping forceps
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due to high level of protein and cell counts. An aggressive
approach is therefore needed to facilitate the clearance and
restoration of CSF flow [22, 39, 47].

Intraventricular endoscopic lavage (iVEL) was used since
2007 in Kuala Lumpur, Malaysia, to overcome shunt infec-
tions, shunt malfunctions and related morbidities among chil-
dren with infective hydrocephalus treated at the Children’s
Hospital. A prospective observational study on 12-month
shunt survival among children aged 12 years and less revealed
low shunt survival rate at 60%. Forty percent of patients re-
quired removal or revision of shunt, of which 23%were due to
shunt infection and 18%were due to shunt malfunctions. Four
percent of infected shunts developed pyogenic ventriculitis
with a 70% mortality. This alarming data triggered the effort
to find an alternative approach in treating infective hydroceph-
alus with ventriculitis (Fig. 8).

The following indications were followed for iVEL: (1)
pyogenic ventriculitis, (2) infected shunts, and (3) recurrent
shunt malfunction with high cell counts and protein level.
Protocol consisted of performing bilateral intraventricular en-
doscopic lavage (iVEL) combining direct neuroendoscopy
with copious irrigation of Ringer’s lactate, removal of the
infective debris and replacement of cerebrospinal fluid with
physiological solutions. Early attempts on bilateral lavage

through a single frontal burr hole and septum pellucidotomy
had failed to effectively clear the infective debris within the
hidden pocket located on the medial wall of the contralateral
ventricle leading to modification of the approach by using
bilateral frontal pre-coronal burr holes (Fig. 9).

Pus and infective debris are removed first followed by ad-
herent slough on the ependymal surface. The soft and floating
infective materials are removed by continuous gravity feed
irrigation with the tip of endoscope directed towards the target
area and passive drainage through the outlet of endoscope.
Removal of the adherent slough on the floor of ventricle will
require specific techniques, which include intermittent “fish-
biting” suction aspiration, sweeping with the blunt tip of en-
doscope and grasping forceps. Gentle sweeping with the blunt
tip of endoscope helps to elevate the layer of slough from the
underlying ependyma and subsequently removal with the
grasping forceps (Figs. 10 and 11). Lavage is done in stepwise
fashion within the lateral ventricle starting from frontal horn of
the lateral ventricles followed by the septum, lateral wall and
occipital horn. Endoscope is then advanced to pass through
the foramen of Monroe towards the anterior floor of the third
ventricle followed by the posterior floor of the third ventricle,
roof of third ventricle and aqueduct of Sylvius (Fig. 12).
Special care should be taken when removing the slough on

Fig. 11 Removal of slough using grasping forceps by peeling off slough in pieces from the underlying ependymal (right thalamus towards foramen of
Monroe)

Fig. 12 Removal of soft and floating infective materials using suction-
irrigation technique within the right lateral and third ventricle. a
Endoscopic view of right lateral ventricle following ventriculostomy. b
Infective materials seen within third ventricle, viewed from the foramen
of Monroe. c Aspiration of pus using infant feeding catheter, 8Fr. d

Interthalamic mass seen at the margin between clear anterior half and
pus within the posterior half floor of the third ventricle. e Left thalamus.
f Patent aqueduct of Sylvius seen after lavage (arrow). g View of third
ventricle after lavage. h View of right lateral ventricle after lavage
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the choroid plexus and veins as it may cause severe haemor-
rhage if too much suction is used. The underlying inflamed
ependymal surface easily bleeds if not handled gently.

ETV and septum pellucidotomy during lavage

In the case of aqueductal stenosis, endoscopic third
ventriculostomy is best avoided at the same setting of lavage
as this may contaminate the prepontine space. However, in the
presence of the foramen of Monroe stenosis or thick adherent
sloughwhich could not be removed safely, endoscopic septum
pellucidotomy is performed for access into the contralateral
ventricle and creating pathway to communicate both lateral
ventricles.

External ventricular drain is inserted on one side of the
ventricle if CSF is clear at the end of procedure for post-oper-
ative control and subsequently challenge prior to removal. A
plain control CTscan is done on day 1 after surgery to exclude
complication of lavage and collapsed of ventricles.

Summary

ETV has been able to avoid shunts in selected cases of post-
infective hydrocephalus. It has also proved to be quite suc-
cessful in selected cases of shunt malfunction with infection or
previous PIHC. However, the selection of cases is important,
and an experienced surgeon is needed to achieve a high degree
of success without complications. Other endoscopic interven-
tions have contributed to clear up severe infection in ventricles
(iVEL) and have created better chances of shunt survival with
simplified insertion of a shunt by endoscopic fenestrations in
multiloculated hydrocephalus. The latter has substantially re-
duced the prevalence of multiple shunt systems in patients.
Though its primary use in removal of infective cysts (NCC)
is unequivocal, its usefulness in CPC and iVEL is under eval-
uation. With all of these procedures, it is essential that the
surgeon has sufficient neuroendoscopy experience as the anat-
omy is often difficult, visibility is often poor and stomas and
fenestrations may be difficult to create.

Author contribution Endoscopic third ventriculostomy has
been primarily designed and written by Deopujari C and
Samantray SK. The material for multiloculated hydrocephalus
has been provided by Padayachy L, and the material for
Intraventricular Lavage has been provided by Azmi A. Dr.
Anthony Figaji has contributed to the manuscript and
reviewed the text.
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