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INTRODUCTION

Hydrocephalus is the enlargement of 
cerebral ventricles, which can be 

caused by blocked circulation of cere-
brospinal fluid (CSF). In communicating 
hydrocephalus the cause of blocked 

CSF circulation is diminished absorption 
of CSF in arachnoid granulations, while 
in non-communicating hydrocephalus 
the obstruction exists proximally to 
granulations, for instance stenosis of the 
aqueduct of Sylvius. Obstruction also 

occurs in neoplastic diseases – tumors 
closing the lumen of the fourth ventricle 
and aqueduct of Sylvius.1 Endoscopic 
third ventriculostomy (ETV) is a mini-
mally invasive method of treatment of 
obstructive hydrocephalus (OHC). The 
ETV opens the circulation of CSF from 
the third ventricle to subarachnoid spac-
es, bypassing the obstructed aqueduct 
or fourth ventricle. In consequence ETV 
diminishes the size of the lateral and 
the third ventricles, thus decreasing the 
intracranial pressure (ICP). The third 
ventricle should be sufficiently enlarged 
to allow safe, limited movement of the 
endoscope without injury to the lateral 
walls of the ventricle.2 In management 
of hydrocephalus, possible options are 
ventriculoperitoneal shunts (VPS) or 
ETV.3 The advantage of ETV is low risk 
of long-term complications associated 
mostly with device malfunction or 
infections caused by the presence of a 
foreign object.4

 ETV has been accepted as the pro-
cedure of choice for the treatment of 
obstructive hydrocephalus (OHC) in 
children and adults5, although some 
controversies persist. The most contro-
versial issue in the application of ETV is 
whether in children there is a lower age 
limit at which the treatment could be in-
effective.6 The main debate involving the 
general population is the outcome vis-à-
vis the cause of hydrocephalus. There 
are reports that support the conflicting 
notions that outcome after ETV could be 
a function of previous infection, previous 
shunt insertion, or primary origin. Finally, 
the issue of long-term delayed failures of 
ETV is also debated.7,8

 ETV is a widely accepted treatment 
for OHC. The procedure was first per-
formed by William Mixter, an urologist in 
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1923 using an ureteroscope to fenestrate 
the floor of the third ventricle.9,10 The 
advent of valve-regulated shunting tech-
nology proved to be an effective method 
for treating hydrocephalus of multiple 
causes. Third ventriculostomy remained 
a stagnant procedure with percutaneous 
and stereotactic alterations to the pro-
cedure requiring more highly specialized 
techniques and equipment limiting 
interest in developing the technique. 
There has been resurgence in interest of 
applying ETV to broader pathologies as 
modern endoscopes with their fiber-op-
tics and advanced light sources that allow 
for excellent resolution of ventricular 
anatomy and control the safe fenestration 
of the floor of the third ventricle.11,12 

 OHC caused by anatomic, inflamma-
tory or neoplastic etiology is the most 
common indication for ventriculostomy.13 
In adults we usually encounter non-com-
municating hydrocephalus caused by tu-
mors. Thalamic, tectal and pineal tumors 
are not always amenable to resection, 
and ETV in conjunction with biopsy of 
that tumor remains the only possible 
intervention14. Colloid cysts can be 
resected endoscopically. Lack of effects 
after shunting or infectious complications 
associated with VPS may be indications 
for ETV. Some centers also recommend 
it in long-standing overt ventriculomegaly 
(LOVA), Chari malformation and normal 
pressure hydrocephalus (NPH), although 
traditionally communicating hydrocepha-
lus has been supposed as a contraindica-
tion to ETV. There is evidence that ETV 
may be successful in some NPH patients. 
Possible complications of ETV are hy-
pothalamic injury, basilar artery injury, 
intracerebral, intraventricular or subdural 
hemorrhage, CSF leakage, CNS infection, 
subdural hygroma or hematoma, epilep-
sy, and headache due to collection of air 
subdurally over the frontal cortex, with 
an overall complication rate of 8.5%.15 

 ETV is being practiced in Pakistan and 
the results are encouraging as shown by 
few local studies published during the last 
few years.16-19 In our study we investigat-
ed perioperative and intraoperative diffi-
culties, failures and complications based 

on 130 procedures of ETV conducted 
in our department in the last 3 and half 
years.

METHODOLOGY

In this prospective study 130 patients 
with obstructive hydrocephalus under-
went endoscopic 3rd ventriculostomy. 
These patients were operated in two 
and a half years’ time from January 2011 
to June 2013. This study was carried out 
in Department of Neurosurgery, Govt. 
PGMI, Lady Reading Hospital, Pesha-
war, Pakistan. Sampling technique was 
by non-probability convenient sampling 
technique. The inclusion criteria were 
to include all patients with obstructive 
hydrocephalus, patients of ages more 
than 6 months, both genders and patients 
with Kornofsky score above 60. The 
Exclusion criteria consisted of patient’s 
age less than 6 months, with history of 
ETV, recurrent tumor based on history 
and medical records and Kornofsky score 
below 60. In our unit we adopted the 
policy of treating severe hydrocephalus 
in patients with posterior fossa tumor 
with ETV. The patients were started on 
steroids on admission. The procedure 
seems to provide a valid alternative to 
placement of a permanent shunt in cases 
in which hydrocephalus develops follow-
ing posterior fossa surgery.

Data Collection Procedure

 This study was considered after 
approval by the ethical committee of 
LRH, Peshawar. A complete history of 
all patients, meeting inclusion criteria 
was taken and thorough physical exam-
ination done at the time of admission in 
Neurosurgery ward those meeting the 
inclusion criteria were enrolled in the 
study through OPD and were admitted 
in the ward for further workup. Informed 
written consent was taken from patient 
or relatives. Exclusion criteria were 
followed strictly to avoid any bias or 
confounding factors in our results. All 
the surgeries were performed by sin-
gle experienced neurosurgeon having 
minimum of 3 years of experience. The 
collected information was entered in 

Statistical Package of Social Sciences 
(SPSS) version 10 and for analysis. Fre-
quency and percentage were calculated 
for categorical variables like gender and 
post-operative outcome. All results are 
presented as graphs and tables.

Endoscopic Third Ventriculostomy 
Surgical Technique:

 The ETV procedure begins from the 
skin incision usually in the right frontal 
area and burr hole 2-3 cm lateral to the 
midline, 1-2 cm anterior to the coronary 
suture. A rigid endoscope is passed 
through the frontal lobe into the lateral 
ventricle, then through the foramen of 
Monro to the floor of the third ventricle 
which is formed by the terminal mem-
brane containing the Liliequist mem-
brane. The goal of the procedure is to 
make a hole in this membrane anterior 
to the mammillary bodies and posterior 
to the infundibular recess. The opening 
in the membrane is made using a Fogarty 
catheter no. 2 or 3, or by another rigid 
instrument to puncture the floor of the 
ventricle, then the balloon serves for 
enlargement of the perforation.

 Endoscopic visualization enables 
inspection of structures behind the mem-
brane such as basilar and posterior cere-
bral arteries. Frequently fast, vibrant flow 
of CSF through the stoma can be seen. 
Successful perforation is determined 
by many factors, including anatomical 
factors such as narrowed foramen of 
Monro with oversized choroid plexus 
lying in the posterior part of the foramen, 
small triangle made by mammillary bod-
ies and infundibular recess which is the 
target of perforation, and thick, opaque 
membrane of the bottom of the third 
ventricle, which should be perforated. 
Visualization during the procedure can 
be worsened by bleeding. Meticulous 
hemostasis can be achieved by micro-
coagulation, or long-lasting, excessive 
washing with warm Ringer solution. 
Bloody or blurry CSF requires washing, 
which improves transparency and pre-
vents complications such as thalamus 
injury, forniceal columns injury, or basilar 
artery injury. In order to decrease the risk 
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of perioperative complications magnetic 
resonance imaging (MRI) is necessary and 
especially mid-sagittal images enabling 
optimal localization of the burr hole. It is 
possible to use neuronavigation to select 
the most appropriate trajectory from the 
entry point on the skull to the floor of 
the third ventricle to avoid straining of 
the foramen Monro and find the safest, 
straight way with proper visualization of 
all structures in the floor.

RESULTS

 Out of 170 patients, 94 (55.3%) were 
males and 76 (44.7%) were females, 
M/F ratio=1.23; ranging in age from 
1-45 years. Ninety (52.9%) cases of 
OHC were <5 years of age and 45 cases 
(26.5%) were in the 6-10 year age group, 
22 cases (12.94%) occurred in 11-14 
years and 13 cases (7.65%) in age group 
>14 yrs. The common causes of OHC 
were posterior fossa tumours in 76 cases 
(44.7%) and acqueductal stenosis in 44 

(25.9%) cases (figure 1). 

 ETV had successful outcome in 135 
(79.4%) patients. Ventriculoperitoneal 
shunt (VPS) was required in 14 (8.24%) 
patients for inadequate ventriculostomy. 
Ventricular drainage device (VDD) was 
inserted in 8 (4.7%) cases for hemor-
rhagic CSF. In 13 (7.64%) patients, ETV 
and tumor biopsy were performed. 

 The signs and symptoms of increased 
intracranial pressure (ICP) resolved after 
ETV in all patients. Overall complications 
rate was 22.9% (n=39) as given in 
figure 2. Commonest complication was 
inadequate ventriculostomy (8.24%). 
Follow-up brain CT scan showed compli-
cations related to third ventriculostomy 
like ventricular bleed in 8 (4.7%) cases 
& asymptomatic pneumocephlus in 2 
(1.2%) cases. The common post-op-
erative complications observed were 
CSF leak in 4 (2.4%) cases, followed by 
seizures in 2 (1.2%) cases and meningitis 

2 (1.2%) cases. All the patients with com-
plication were treated conservatively. 

 Five patients (2.94%) died; 2 (1.2%) 
due to reverse conning, 2 (1.2%) due to 
ventricular bleed and one (0.6%) due to 
CSF leak with meningitis. Figure 3 shows 
pre-operative and post-operative CT 
scans in patients having ETV for OHC.

  The patients were sent home after 
ETV/VP shunt on 3rd post-operative day 
and were asked to come after 4 weeks 
for definitive surgery in cases of obstruc-
tive hydrocephalus secondary to tumors. 
Follow-up CT brain was performed 
showing reduction in ventricular size 
and resolution of signs of increased ICP 
in all patients after 4 weeks. Those pa-
tients with EVD/no drainage procedure 
performed were subjected to tumor sur-
gery on next available list. The definitive 
surgery showed satisfactory condition in 
relation to the CSF pressure, even cases 
which showed some tightness in brain 
the routine measures were adequate 
to control the pressure, especially after 
the cistern was opened and more CSF 
released.

DISCUSSION 

 ETV is performed in patients with 
non-communicating hydrocephalus 
caused by obstruction existing distal to 
the third ventricle in order to bypass 
disturbed flow of CSF, which leads to 
the lowering of ICP. In our neurosurgical 
practice we very rarely deal with patients 
having congenital aqueductal stenosis. 
Frequently we can suspect obstruction 
based on a picture of triventricular 
hydrocephalus and cine-MRI scans 
demonstrating the flow void phenome-
non.9 Most often we treat patients with 
tumors obstructing proper flow of CSF. 
In cases of non-operable tumors, it is 
the only intervention we conduct. In 13 
(7.64%) cases it was possible to combine 
ETV with biopsy of the tumor, but usually 
biopsy worsens the conditions of ETV 
because it causes bleeding which needs 
irrigation. All patients with triventricular 
hydrocephalus with sufficient dilatation of 
the third ventricle are amenable to ETV. 

Figure 1: Etiology of Obstructive Hydrocephalus

Figure 2: Complications of Endoscopic Third Ventriculostomy
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The ETV is a minimally invasive proce-
dure, is safe and is especially effective and 
useful in non-communicating HCP.20,21 
Alleviation or diminishment of symptoms 
associated with increased ICP occurred 
in patients with idiopathic stenosis of the 
aqueduct in 44 cases in our group, and 
obstructive HCP caused by tumor in 76 
cases. It is important to select patients for 
ETV. Patients with a history of ventricular 
hemorrhage, meningitis and leptomen-
ingeal metastasis should be excluded for 
consideration of ETV because of concern 
for decreased CSF resorption capacity. 
Patients with headache associated with 
nausea, vomiting, or lethargy were more 
likely to respond to treatment with ETV 
relative to patients presenting with head-
ache only.22 

 In our study, ETV was performed 
successfully with good outcome in 
135/170 (79%) patients with obstructive 
hydrocephalus There was no permanent 
morbidity relate to ETV. The success 
rate of ETV in adults depends on the 
etiology of HCP and is calculated as 68% 
to 83%.19, 23,24 In our group we estimate 
the initial success rate as around 79.4% 
which is supporting other local studies 

showing success rate of 71%19, 78.4%17 
and 83.07%.18 The success rate is also 
comparable with that of Hopf et al, 
have reported a success rate of 76% for 
ETV in severe hydrocephalus secondary 
to posterior fossa tumor,.9 Similarly 
Valenzuela S, et al also reported a 76% 
success rate for ETV in severe hydro-
cephalus before posterior fossa tumor 
surgery.25 

 In our study, the results show that the 
number of patients requiring VP-Shunt 
was reduced to 8.24% which is compa-
rable to previous local figures of 7.69%18 

& 4.5%.19As reported by Saint-Rose in his 
study this number may be reduced to 6% 
if an ETV is performed as the first CSF 
diversion technique or in combination 
with a ventriculostomy.15

 The long-term rate is much lower 
due to progression of neoplastic disease 
or re-closure of the stoma. The ETV is a 
relatively safe procedure in experienced 
hands but carries the risk of complica-
tions such as hypothalamic or thalamic 
injury26. The technique can be augmented 
by the use of neuronavigation or stereo-
tactic guidance27. The most common 

difficulties associated with the surgery are 
narrow space between mammillary bod-
ies and dorsum sellae, high localization 
of basal artery bifurcation, and opaque 
floor of the third ventricle bulging to the 
sellae27. 

 Mortality rate in our study was 2.94% 
which is comparable to 1.93% by Ali M. 
et al.19 Out of 5 patients (2.94%) died, 2 
(1.2%) died due to reverse conning, 2 
(1.2%) due to ventricular bleed and one 
(0.6%) due to CSF leak with meningitis. 
The results of our study are comparable 
with that of Sainte-Rose et al14. Sainte-
Rose et al14, reviewed 67 ETVs per-
formed before tumor removal in patients 
with severe hydrocephalus. In this series 
there were no deaths and no permanent 
morbidity related to the procedure, a 
98.5% rate of immediate symptomatic 
resolution, and a 94% rate of shunt-free 
patients after tumor removal. Preopera-
tive normalization of CSF hydrodynamics 
seems to decrease the risk of permanent 
postoperative impairment of CSF circula-
tion. However, by performing an ETV in 
every child with obstructive hydroceph-
alus and tumor, one would be exposing 
70% of children to the morbidity of an 
extra surgical procedure24. Riva-Cambrin 
R et al28 have developed a pre-operative 
clinical grading system to establish the 
need for post-operative CSF diversion. 
This grading system is based on age (<2 
years), initial degree of hydrocephalus, 
tumor histological features, and presence 
of metastasis to predict probability of 
hydrocephalus at 6 months. This system 
may help the surgeon in deciding wheth-
er to perform CSF diversion (shunt or 
ETV) prior to surgical removal of tumor.26 

  The overall complications related to 
ETV in our study were 22.9% with two 
cases of deleterious sequela like upward 
herniation. Common complications 
were ventricular bleed (4.7%), CSF leak 
(2.4%), asymptomatic pneumocephlus 
(1.2%), seizures (1.2%) and meningitis 
(1.2%).

 According to Bouras T et al29, who 
conducted a review on complications 
of ETV, the overall complication rate 
was 8.8%. Permanent morbidity was 

Figure 3: Pre And Post-Operative CT Scans In Patients Having Endoscopic Third 
Ventriculostomy (ETV) For Obstructive Hydrocephalus
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2.1%, neurologic in 1.2% (hemiparesis, 
gaze palsy, memory disorders, and/or 
altered consciousness), hypothalamic in 
0.9%. Intraoperative hemorrhage was 
present in 3.9%, severe in 0.6. Other 
surgical complications occurred in 1.13% 
including thalamic infarcts, subdural, 
intracerebral, and epidural hematomas. 
Cerebrospinal fluid infections occurred 
in 1.8%, CSF leak in 1.7%, anesthetic 
complications (bradycardia and hypoten-
sion) in 0.19% of cases. Schmid UD, et al 
showed that there is considerable mor-
bidity when compared with EVD for <5 
days with a very low complication rate 
(2.2%), reported 10% rate of upward 
herniation in cases of posterior fossa 
tumors subjected to preliminary shunt-
ing, and spreading of medulloblastomas 
through ventriculo-peritoneal shunts.30 
These arguments and the improvements 
in the availability and type of neuroimag-
ing systems that permit earlier diagnosis 
have caused neurosurgeons to question 
the need for routine shunt placement. 

 Our study shows upward hernia-
tion in 1.2% and hemorrhage in 4.7% 
patients in which EVD was performed. 
The patients were having normal ICP 
with no pseudomeningocele formation 
and pseudobulbar palsy except CSF 
leak, observed in 2.4% patients. In 
comparison with the study conducted 
by Rappaport ZH, et al31 and Shalit MN, 
et al32 on external ventricular drainage 
used in these situations reported 10% 
and 4.9% infection rate respectively 
and upward herniation or haemorrhage. 

Seventeen to 40% of patients treated 
with this protocol have uncontrolled 
hydrocephalus after tumor removal and 
require placement of a definitive CSF 
shunt. This kind of hydrocephalus occurs 
predominantly within the first month of 
surgery. These patients, placed at risk 
of suffering ICH, have an increased rate 
of CSF leakage and pseudomeningocele 
formation, a prolonged hospitalization 
and a high risk of pseudobulbar palsy. 

CONCLUSION

 Based on our study we conclude that 
ETV is a useful and helpful procedure 

in non-communicating HCP. ETV has 
success rate of 79.4% in OHC with com-
plication rate of 22.9% and mortality rate 
of 2.94%. The most common age group 
involved was under 5 years. Per-opera-
tive ventricular bleeding was the most 
common complication followed by CSF 
Leak post-operatively. Complications 
can be reduced by proper selection of 
patients, detailed plan and skillful perfor-
mance of surgery in experienced hands 
and meticulous postoperative care.
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