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Endoscopic Third Ventriculostomy

for Obstructive Hydrocephalus

and Ventriculocystostomy for Intraventricular
Arachnoid Cysts

Bekir Akgun®, Sait Ozturk, Omer Batu Hergunsel, Fatih Serhat Erol, Fatih Demir

ABSTRACT

Objective: To evaluate and discuss the outcomes of a combination of ventriculocystostomy (VC) and endoscopic third ventriculostomy
(ETV) for obstructive hydrocephalus (HCP) due to ventricular/cisternal arachnoid cysts, and only ETV for obstructive HCP due to different
etiologies.

Methods: We retrospectively reviewed all 40 symptomatic patients (aged 4 months - 61 years) of obstructive HCP treated by ETV

or VC+ETV during October 2014 - April 2019. VC+ETV was performed in 7 patients with intraventricular/cisternal arachnoid cyst and
obstructive HCP. Only ETV was performed in 33 patients with obstructive HCP due to other etiologies.

Results: Successful ETV or VC+ETV surgery was performed in 35 patients. The procedure failed in 5 patients aged < 1 year; all these

5 patients had a head circumference (HC) of > 90 percentile at the time of surgery. Another 5 patients aged < 1 year showed successful ETV,
with a HC of 75-90 percentiles.

Conclusion: ETV is a successful alternative treatment for obstructive HCP. The ventricular size may not demonstrate a remarkable reduction
post-ETV than post-shunting. Accordingly, increased intracranial pressure may not effectively decrease during the early period post-ETV
than post-shunting. Therefore, the success rates of VC and/or ETV are low in very young patients with very high HCs (> 90 percentile).
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Tab. 1 Demographic features of the patients and details of the surgeries.

Case Age Etiology of Hydrocephalus Operation Shunt History | Shunt Necessity
before ETV after ETV

1 4m MMC + Chiari Type 2 ETV - +
2 6m MMC + Chiari Type 2 ETV - -
3 7m MMC + Chiari Type 2 ETV - +
4 8m IV arachnoid cyst (posterior of the 3rd ventricle) VC + ETV - +
5 9m MMC + Chiari Type 2 ETV - .
6 9m Aqueductal stenosis ETV - -
7 10 m Aqueductal stenosis ETV - +
8 11m IV arachnoid cyst (trigone of the right lateral ventricle) |VC + ETV - -
9 11m MMC + Chiari Type 2 ETV - -
10 12m Suprasellar arachnoid cyst VC + ETV - -
1 2y MMC + Chiari Type 2 ETV . .
12 4y Suprasellar arachnoid cyst VC + ETV - -
13 5y Aqueductal stenosis ETV - -
14 5y Aqueductal stenosis ETV - -
15 7y Pineal tumor ETV -

16 8y IV arachnoid cyst (body of the left lateral ventricle) VC +ETV - -
17 9y IV arachnoid cyst (posterior of the 3rd ventricle) VC + ETV - -
18 9y Aqueductal stenosis ETV - -
19 13y Quadrigeminal arachnoid cyst VC +ETV - -
20 13y Aqueductal stenosis ETV + -
21 14y Aqueductal stenosis ETV - -
22 15y Pineal tumor ETV - -
23 16y Pineal cyst ETV - -
24 18y Aqueductal stenosis ETV - -
25 20y Pineal cyst ETV - -
26 21y Chiari Type 1 ETV - -
27 24y Aqueductal stenosis ETV - -
28 30y Aqueductal stenosis ETV - -
29 32y Aqueductal stenosis ETV + -
30 34y Chiari Type 1 ETV - -
31 36y Chiari Type 1 ETV - -
32 40y Aqueductal stenosis ETV - -
33 45y Chiari Type 1 ETV - -
34 47y Chiari Type 1 ETV - -
35 48y Chiari Type 1 ETV - -
36 51y Chiari Type 1 ETV - -
37 53y Aqueductal stenosis ETV - -
38 57y Aqueductal stenosis ETV - -
39 60y IV hemorrhage ETV - -
40 6ly Aqueductal stenosis ETV - -
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INTRODUCTION

Hydrocephalus (HCP) is one of the most common condi-
tions encountered in neurosurgical practice. It is a spec-
trum of conditions involving an imbalance of cerebrospi-
nal fluid (CSF) production and absorption, with resultant
enlarged ventricles that are usually associated with the
clinical sequelae of increased intracranial pressure (ICP)
(1, 2). In 1923, Mixter first performed endoscopic third
ventriculostomy (ETV) after successfully using a urethro-
scope to perform intervention in a pediatric patient with
obstructive HCP (3). Shunt techniques became hugely pop-
ular in the 1950s considering the technical limitations of
the endoscope, which resulted in high mortality and mor-
bidity rates due to insufficient illumination and low-qual-
ity lenses (1, 4). However, there exists no ideal shunt sys-
tem, and the complications encountered remain a great
concern in the long-term management of HCP, with nu-
merous drawbacks related to shunt malfunction and infec-
tion (1). In addition, neuroendoscopy gathered attention
since the 1990s due to the production of more powerful
light sources, small-sized cameras and the achievement of
better quality in the optic systems with the advancements
in the technology (5-7). Particularly, ETV has gained pop-
ularity in the recent years, with evident advantages over
the ventriculoperitoneal shunt (VPS) as patients remain
device-free (1, 2, 5). This technique provides direct com-
munication between the third ventricle and interpedun-
cular and prepontine subarachnoid spaces so as to re-es-
tablish the normal CSF flow by perforating the floor of the
third ventricle (2, 5, 7). Hence, it is the treatment of choice
for obstructive HCP (stenosis of the aqueduct of Sylvius,
Dandy-Walker malformation and Chiari malformations
types I and II) (8). Recently, some preliminary reports of
successful ETV employment in patients with communicat-
ing HCP have been reported, including idiopathic normal
pressure HCP (9). However, past studies have shown that
ETV is associated with more favorable outcomes in cases
with obstructive HCP. The highest success rates have been
reported in patients with obstructive HCP secondary to
aqueductal stenosis (10).
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Arachnoid cysts refer to a collection of CSF within
a cyst wall lined with arachnoid cells and collagen. The
pathophysiology of arachnoid cysts remains unclear. Al-
though they are located mostly in the temporal fossa, sev-
eral intracranial and intraspinal localizations have been
reported. In addition, they can be found in the ventricles
and cisterns (11, 12). Several arachnoid cysts are asymp-
tomatic, while symptomatic arachnoid cysts can present
with signs and/or symptoms resulting from increased ICP
or local mass effect on the adjacent structures. Such cases
often require surgical decompression of the cyst, which
can be achieved by using craniotomy or shunt systems.
Presently, we have techniques to treat intraventricular
and/or intracisternal cysts that causes obstructive HCP
with fenestration into the ventricle [ventriculocystosto-
my (VC)] and ETV performed simultaneously as a result
of advancements in neuroendoscopy (11-14).

In this study, we discussed and analyzed our expe-
rience of the management and results of VC and ETV
performed in patients with obstructive HCP due to ven-
tricular or cisternal arachnoid cysts; and only ETV was
performed for the treatment of obstructive HCP due to
different etiologies.

MATERIAL AND METHODS

We retrospectively reviewed all cases of obstructive HCP
treated with ETV or VC+ETV between October 2014 and
April 2019 at our hospital. In total, 40 patients with symp-
tomatic HCP of age 4 months - 61 years were evaluated, of
which 18 were women and 22 were men. Seven patients
showed obstructive HCP due to intraventricular or cister-
nal arachnoid cyst, and 33 showed obstructive HCP due to
other etiologies such as Aquaductal stenosis, Chiari mal-
formations, myelomeningocele and pineal cyst/tumor.
Table 1 displays the enrolled patients’ demographic fea-
tures, etiologies of HCP, the applied surgical techniques,
shunt history and the necessity of performing the shunt
procedure after endoscopic procedures. The patients with
colloid cysts and intraventricular tumors were excluded.

Tab. 2 Correlation between the head circumference and the success in patients aged <1 year.

Case Age Operation
1 4m ETV

2 6m ETV

3 7m ETV

4 8m VC + ETV
5 9m ETV

6 9m ETV

7 10 m ETV

8 11m VC + ETV
9 11m ETV

10 12m VC+ETV

m: months, VC: ventriculocystostomy, ETV: endoscopic third ventriculostomy

Head circumference Success of the procedure
> 90 percentile -
75-90 percentile +
> 90 percentile -
> 90 percentile -
> 90 percentile -

75-90 percentile +

> 90 percentile -

75-90 percentile +
75-90 percentile +
75-90 percentile +
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Fig.1 T2W-sagittal MRI of a 12-month-old boy included in this study. (A) Preoperative MRI showing a suprasellar arachnoid cyst extending
to the third ventricle and the foramen of Monro, which caused the dilation of the lateral ventricles. (B) Reduction in the sizes of the cyst and
the third ventricle after VC+ETV treatment in the postoperative first-month MRI. In addition, the CSF flow artifacts were observed at the
site of VC (from the foramen of Monroe to the third ventricle) and ETV (from the third ventricle to the prepontine cistern).

Table 2 displays the correlation between the head circum-
ference (HC) and the success in patients aged < 1 year. The
success rates of the procedures were primarily defined
using clinical resolutions accompanied with radiological
confirmations (Figure 1).

RESULTS

Seven patients were operated for intraventricular or cis-
ternal arachnoid cysts by a combination treatment of VC
and ETV. The surgical intervention was unsuccessful in
only one 8-month-old patient from these 7 patients. In ad-
dition, this patient had a HC of > 90 percentile at the time
of the surgical intervention.

Only ETV was performed in 33 patients with obstruc-
tive HCP due to other etiologies. Of these, 14 patients

had aqueductal stenosis. The applied procedure failed in
a 10-month-old boy who had a HC of > 90 percentile at
the time of the surgery. In addition, 6 patients had menin-
gomyelocele. ETV failed in 3 of these 6 pediatric patients
aged 4, 7 and 9 months, who had a HC of > 90 percentile.
These 3 patients had VPS history and were admitted be-
cause of shunt dysfunction. We performed ETV after
shunt removal and achieved successful results; the treated
patients remained shunt-free.

Successful ETV or VC+ETV (Figure 2) were performed in
35 of the 40 patients. VPS was applied in case of unsuc-
cessful procedures. The procedures were unsuccessful in
5 patients aged < 1 year. In addition, they had a HC of > 90
percentile at the time of the surgery. ETV was successful in
other 5 patients aged < 1 year who had HC of 75-90 percen-
tiles. In our series, the procedure failure was not observed
in adult patients and in those of age > 1 year.

Fig. 2 Neuroendoscopic surgical photographs of a 12-month-old boy included in this study. (A) The view of the foramen of Monro and the
third ventricle arachnoid cyst. (B) Fenestrated and dilated cyst wall. (C) After entering the cyst, we proceeded to the third ventricle floor and

performed ETV. Fenestrated third ventricle floor can be seen.
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Various complications arise in these kinds of neuroen-
doscopic procedures. For instance, CSF leakage can occur
because of the failure of surgical closure. However, this
condition can be observed in procedure failure. In 2 of the
5 patients in whom ETV failure was recorded, CSF fistula
developed from the incision site after ETV. The first patient
could be treated through the conservative method and the
second one through surgical intervention (i.e. dural repair
with synthetic dura material and fibrin sealant). Brady-
cardia occurred in 1 patient immediately after the fenes-
tration of the third ventricular floor, and the patient was
ameliorated after removing the endoscope from the third
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ventricle. Intraventricular hemorrhages were recorded in
2 patients, and they were controlled within a few minutes
of performing irrigation.

DISCUSSION

VPS remains the most common treatment approach for
HCP across the world. In the treatment of HCP and arach-
noid cysts, significant reductions in the ventricular and/or
cyst sizes could be noted after shunt surgeries in the early
postoperative period (2, 5, 6, 11). Despite the sophisticated

Tab. 3 Case series of intraventricular arachnoid cysts managed with endoscopic surgery

Authors (ref) |Study 'n | Cyst localization

Primary clinical features at pres-

Complications Success (n)

period entation
Ozek and 1994- |34 |suprasellar-prepon- | hydrocephalusand macrocrania(n=32), | transient abducens 34
Urgun (13) 2010 tine developmental delay (n = 6), nerve palsy (n = 1),
visual field defect (n = 9), rowth hormone deficiency
endocrine dysfunction (n = 9), %n =1),
central tremor (n = 3), salt wasting syndrome
loss of visual acuity (n = 2), (n=1)
seizure (n = 2)
Cinalli G 1995- |14 | quadrigeminal hydrocephalus (n = 10), subdural collection 110f14
etal. (5) 2008 cistern intracranial hypertension (n = 7), (n=1),
enlarging cyst (n = 6), postoperative
macrocrania (n = 4) CSF leak (n = 1),
intraoperative
bleeding (n = 2)
Tamburrini 2000- |26 |quadrigeminal hydrocephalus (n = 15), none 26
etal. (27) 2006 cistern, headache (n = 8), increasing
paraventricular, head circumference (n = 7),
suprasellar, asymptomatic (n = 5),
and choroid plexus | bulging fontanelle (n = 3),
hemiparesis (n = 3),
strabismus (n = 3),
seizures (n = 2)
Ersahinand | 2000- |17 | quadrigeminal hydrocephalus (n = 17), subdural collection 10 of 17
Kesikci (19) 2007 cistern macrocephaly (n = 12), (n=3),
bulging fontanelle (n = 7), CSF leak/meningitis
headache (n = 3), (n=1)
sun-setting eyes (n = 2), nausea/vom-
iting (n = 2§, psychomotor retardation
(h=2)
El-Ghandour |2001- |25 | Suprasellar macrocrania (n = 12), arterial bleeding (n = 1), CSF | 22 of 25
(28) 2009 intracranial hypertension (n = 12), leak (n = 1),
developmental delay (n = 5), subdural collection
precocious puberty (n = 1), (n=1)
seizures (n = 1)
Knie etal. (12) | 2002- |10 | velum interpositum, | enlarging cyst(n =5), seizures (n = 2) 10
2015 quadrigeminal seizures (n = 2),
cistern hydrocephalus (n = 2), hemiparesis
(n = 1)1
optic atrophy (n = 1),
mass effect (n = 1)
Copley Petal. |2005- |29 |suprasellar, hydrocephalus (n = 29) asemptomatic subdural CSF | 25 of 29
(11) 2016 velum interpositum, | increasing head circum./macrocephaly | collection ( n = 2),

lateral ventricles, (n=12),

quadrigeminal

cistern, seizures (n = 5)
third ventricle (pos- | bulging fontanelle (n = 4)
terior) developmental delay (n = 4)

vomiting (n = 6)

seizure (n = 1),

wound leak (n = 1),
diabetes insipidus (n = 1),
intraoperative subdural
hematoma (n = 1)

headaches (n = 3)

n: number of patients
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advancements in the shunt systems, they are usually asso-
ciated with several complications and numerous revisions
due to either malfunction or infection. Thus, the provision
of along-term, quality-of-life to children with HCP seems
extremely urgent. ETV could be an attractive alternative
to the commonly utilized VPS. If it is effective, ETV can
prevent long-term morbidity and mortality inherent to
shunt-related complications (5, 15, 16).

Intraventricular or intracisternal arachnoid cysts near
the ventricles are difficult to treat because of their deep
locations. Craniotomy and cyst excision or fenestration
therefore carries the risk of significant potential com-
plications, such as neurological deficits (hemiparesis or
cranial nerve injury), subdural hematomas, seizures, CSF
leakages and meningitis. Moreover, open surgeries involve
complication risks due to the long-duration of anesthesia.
The significant potential morbidity of microsurgical fenes-
tration and the high incidence of shunting complications
have prompted neurosurgeons to search for an alternative
procedure. Cumulatively, endoscopic fenestration has be-
come the first choice of treatment because of its minimally
invasive nature and the high success rates (11, 13, 14). Ta-
ble 3 shows a literature review of the largest previously
published case series of intraventricular arachnoid cysts
managed with endoscopic surgery.

Although ETV, VC and other types of intraventricu-
lar neuroendoscopic interventions are considered safe,
various complications resulting from them have been
reported, including cardiac arrhythmias, injury to the
hypothalamic-pituitary axis and/or structures near the
floor of the third ventricle, vascular injuries, CSF fistulas,
meningitis and sepsis (1, 8, 16, 17). Transient bradycardia is
the most frequent hemodynamic alteration resultant from
the impression of the third ventricular floor; therefore,
on diagnosis, surgeons should pause fluid irrigation and
ballooning and then remove the endoscope from the third
ventricle. Intraoperative cardiac arrests have been report-
ed very rarely in this condition. Bradycardia has been re-
ported in only 1 patient in our series, immediately after the
fenestration of the third ventricular floor. The patient was
ameliorated after removing the endoscope from the third
ventricle (6, 16, 18). Moreover, injuries to the fornix, hypo-
thalamus and cranial nerves could be observed because of
the anatomical proximity. Although it has rarely been re-
ported, increased ICP due to closed and obstructed outflow
channels or excessive irrigation can delay awakening and
cause persistent confusion (2, 18). Intraventricular hemor-
rhage can occur because of choroid plexus, vein, or artery
injury during the third ventricle floor perforation. Inju-
ry to the basilar artery is the most feared intraoperative
complication. The fenestration point in the third ventricle
floor should always be in front of the basilar tip. Before
surgery, detailed evaluation of the radiological investiga-
tions must be performed to assess the possible variations,
most of which can be controlled through continuous irri-
gation. In this study, intraventricular hemorrhages were
recorded in 2 patients and controlled within a few minutes
through irrigation (16-18). CSF leakage can occur because
of the failure of surgical closure. Tight suturing of the lay-
ers and occlusion of the cortical and calvarial holes with
hemostatic agents can prevent this complication (16, 17).
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In 2 patients, CSF fistula was detected at the incision site
after ETV. The first patient could be treated conservatively
(by resuturing the skin incision) and second one surgically
(by dural repair with synthetic dura material and fibrin
sealant). These 2 patients suffered from ICP symptoms af-
ter the treatment of the CSF fistulas; next, they were treat-
ed using VPS. Thus, CSF fistula was caused not only due to
the surgical closure failure but also due to the application
of the unsuccessful ETV procedure because of the high
intraventricular volume and/or pressure. In other words,
CSF leakage could indicate treatment failure.

The success of ETV can be determined by assessing
clinical improvements and the absence of the need for fur-
ther surgical procedure. Moreover, the simplest definition
of successful ETV is ‘freedom from a shunt’. Criteria as per
the radiological investigations include decreased or stabi-
lized ventricular size, especially that of the third ventricle,
CSF flow through the fenestration point and straightened
third ventricle floor that sprang downward (1, 16, 17). How-
ever, the ventricle size may not show a remarkable reduc-
tion on imaging post-ETV than post-shunting. However,
this aspect does not necessarily reflect increased ICP (17).
Hence, the main criterion for successful surgery should be
the improvement of the clinical symptoms.

The correlation between ETV success and the pa-
tient’s age is one of the most controversial issues. In
a study by Ersahin and Kesikgi (19), almost all patients
aged < 6 months who underwent both cyst fenestration
and ETV required VPS postoperatively. In contrast, only
a few studies indicated that there was no difference in the
success rates in very young patients compared with older
patients or that the rate was only slightly lower (20,21).
Sufianov et al. (22) observed that ETV was successful in
71.4% of children aged 1-2 years and in 75.0% of children
aged <1 year. Recent studies have reported that the suc-
cess of ETV mainly depended on the etiology of HCP and
not on the patient’s age alone. Several authorities consider
patients with communicating HCP, especially due to the
history of CSF infection or subarachnoid hemorrhage, to
be more prone to ETV failure than those with obstruc-
tive HCP (2, 23). However, even in obstructive HCP, ETV
failure can occasionally be observed in extremely young
patients, especially in newborn and premature babies.
Past studies have advocated different contributory fac-
tors to the worse outcomes of ETV in younger children.
For instance, lesser efficacy for CSF reabsorption due
to immaturity of the brain pathways in the arachnoid
spaces/Pacchionian granulations, the development of
new arachnoid membranes that obstruct the stoma, and
low-gradient CSF reabsorption in newborns with open
sutures are some of the contributing factors (15, 24).

Despite several investigations on the correlation be-
tween ETV success and the patient’s age, no studies have
yet reported the association between ETV success and HC
or the ventricular volume. In our study, procedures were
unsuccessful in 5 of 10 patients aged <1 year. A common
characteristic of these patients was a HC of > 90 percen-
tile. HCP causes an increase in the intraventricular volume
and pressure, which subsequently increase the fetal head
size. Various investigations have shown that, in children
with HCP, severe ventriculomegaly has been associated
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with less favorable outcomes when compared with mild
ventriculomegaly because of the high ventricular pressure
or brain parenchyma compression (25). Furthermore, an
increase in the fetal head size is associated with increased
intraventricular pressure and volume (26). Shunts are
mechanical drainage systems, with the features of rapid
and high effectiveness. ETV re-establishes the physiolog-
ical route of CSF dynamics, although the ventricular size
may not result in a remarkable reduction post-ETV when
compared with that post-shunting. Accordingly, increased
ICP may not effectively decrease during the early period
by ETV when compared with that by shunting. Therefore,
the low success rates of VC and/or ETV may be observed in
very young patients with a high HC.

CONCLUSIONS

ETV is currently considered as a successful alternative
to the shunt systems in the treatment of HCP. However,
most studies have reported that ETV has low success rates
in patients aged <1 year. In contrast, only a few studies
have indicated the absence of any difference in the success
rates in extremely young patients when compared with
older patients. As per the past reports, in infants and very
young patients, the underdeveloped subarachnoidal space
plays a role in ETV failure. In this study, no failure was ob-
served in children aged > 1 year and in adult patients. ETV
or VC+ETV failure was recorded in half of the patients
aged <1 year; this report was consistent with those of the
previous literature. Moreover, these patients had a HC of
> 90 percentile at the time of the procedure, which makes it
the focal point of our study. Furthermore, ETV failure was
not observed in patients with a HC of < 90 percentile. Our
results indicate that remarkable decrease in ICP may not be
achieved by ETV in patients with enlarged ventricular vol-
ume and HC. Thus, the results of the present study contrib-
utes to the literature by addressing this important issue.
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