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Abstract

Objective The purpose of this study is to assess the role of
endoscopic third ventriculostomy (ETV) in the treatment of
hydrocephalus in children under 1 year of age. The authors
analyzed data of ETV in their institution.

Methods Between January 1995 and December 2008, 52
ETV procedures were performed for the treatment of
hydrocephalus in 49 infants (32 male and 17 female). Their
age ranged from 6 days to just under 12 months (mean age
6.2 months). The cause of hydrocephalus was occlusive in
43 patients (aqueduct stenosis in 31, Chiari II malformation
in eight, Dandy—Walker cyst in two, quadrigeminal lipoma
in one, and cerebellopontine angle arachnoid cyst in one
patient). Communicating hydrocephalus was caused by
intraventricular hemorrhage, meningitis, and/or ventriculitis
in six patients.

Results The overall success rate was 69.4% with mean
follow-up period of 68.2 months. Patients with aqueduct
stenosis had a higher success rate of ETV which was 77.4%.
Seven infants were born preterm, six of them required a
permanent ventriculoperitoneal shunts (VPS; P=0.003).
Malfunctioned VPS was removed in two patients following
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ETV. There was one death from intracranial hemorrhage,
two cerebrospinal fluid leaks, and one meningitis.
Conclusion Endoscopic third ventriculostomy can be con-
sidered a possible treatment procedure alternative to VPS
for the treatment of occlusive hydrocephalus in infants.
ETV was effective in full-term infants while the results in
low birth weight, preterm infants were poor. Success of
ETV is not only age dependent but also etiology dependant.
Infants with occlusive hydrocephalus treated with VPS,
who present with shunt failure, could be treated by ETV
and removal of the shunt device.

Keywords Third ventriculostomy - Hydrocephalus -
VP shunt - Infants

Introduction

The development of neuroendoscopic technique has made
the procedure safe and easy, and resulted in a significantly
widened range of indications. In hydrocephalus, endoscopic
third ventriculostomy (ETV) is being used to restore
cerebrospinal fluid (CSF) circulation. However, controversy
exists regarding whether children under 1 year of age have
a higher risk of failure than older children, increased initial
risk of complications, and possible need for a second ETV
and/or shunt placement [1-8].

Endoscopic third ventriculostomy has become the
procedure of choice for the treatment of occlusive hydro-
cephalus with reported high success rates mainly for
aqueduct stenosis [5, 9, 10]. Lower success rates have been
reported for patients with hydrocephalus from other causes,
such as postinfection, posthemorrhagic, or myelomeningo-
cele [7, 9, 11, 12].
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The aim of this study is to analyze and report our
experience with ETV for the treatment of hydrocephalus in
49 infants (under 1 year of age), including overall outcome,
rate of postoperative decrease in ventricular size, and
associated complications. We investigated the effect of
age, weight at birth and at the time of surgery, and the
pathogenesis of hydrocephalus on the outcomes.

Patients and methods

Out of 171 neuroendoscopic procedures performed between
1995 and 2008, our study population comprised 49 infants
under the age of 1 year who underwent 52 endoscopic
procedures for the treatment of hydrocephalus, at King
Khalid University Hospital, Riyadh, Saudi Arabia. Data
were collected in a retrospective manner from medical
charts, pertinent imaging studies (CT and MRI), and
operative reports.

Thirty-two patients were male and 17 were female. The
mean age was 6.2 months, ranged from 6 days to
11.9 months. Out of the 49 infants, seven were born
premature and with low birth weight. Hydrocephalus was
occlusive in 43 infants; aqueduct stenosis in 31, Chiari II
malformation in eight, Dandy—Walker cyst in two, quad-
rigeminal lipoma deforming the aqueduct, causing its
narrowing in one patient and cerebellopontine angle arach-
noid cyst in one patient. In another group of patients;
communicating hydrocephalus was attributed to IVH asso-
ciated with prematurity in three patients, and meningitis was
the presumed cause in three patients. Four more infants were
born preterm, with low birth weight, and underwent ETV for
the treatment of occlusive hydrocephalus (aqueduct stenosis,
three; and Chiari II malformation, one; Table 1).

ETV was performed using a rigid pediatric nephroscope
(Karl Storz, Tuttlingen, Germany), size 17F. The scope was

Table 1 Causes of hydrocephalus in 49 infants and neuroendoscopic
procedures performed

Diagnosis Procedure Number
Aqueduct stenosis ETV 28
ETV and removal of shunt 3
Redo ETV 3
Chiari II malformation ETV 8
Dandy—Walker cyst ETV 2
Quadrigeminal lipoma ETV and aqueductoplasty 1
CPA arachnoid cyst ETV 1
Postmeningitic ETV 3
Post Hemorrhagic ETV 3
Total 52

ETV endoscopic third ventriculostomy

@ Springer

introduced through the anterior fontanelle or a burr-hole
was placed just anterior to the coronal suture in the
midpupillary line in patients with small fontanelle. The
floor of the third ventricle was punctured using ventricu-
lostomy forceps, and the fenestration was enlarged with a
Fogarty catheter. Normal saline at body temperature was
used if hemorrhage occurred. The cerebrospinal fluid was
then allowed to drain into the basal cistern to the surface of
the brain.

All patients included in this study underwent postoper-
ative scans (after 1 week, 1 month, 6 months, and annually)
and ventricular size was ascertained using the Evans Index.

Results

A total of 49 infants aged less than 1 year, were studied.
Twenty two of them were less than 6 months, and 27
infants aged between 6 and 12 months. Clinical improve-
ment in infants less than 6 months and infants aged
6 months to 1 year was 13 (59%) and 21 (77.8%),
respectively. Out of seven premature, low-birth-weight
infants, only one has improved, while 33 (78.6%) out of
42 full-term normal birth weight infants showed clinical
improvement.

Success of ETV was defined as shunt-free during the
period of follow-up which ranged from 6 to 118 months
(mean; 68.2 months). Neuroendoscopy was considered
failure when there was a subsequent need for redo ETV or
shunt implantation, based on clinical and radiological
evidence (cranial CT scan) of persistence or progress of
hydrocephalus.

The overall success rate of ETV was 69.4%. In patients
with obstructive hydrocephalus secondary to aqueduct
stenosis, success was 77.4%. Six of the seven preterm
infants required a permanent ventriculoperitoneal shunts
(VPS; P=0.003). Malfunctioned VPS was removed in two
patients following ETV. Endoscopic exploration and repeat
ETV was performed in three infants.

One patient developed pseudomonas meningitis who
recovered with proper antibiotic treatment, two patients had
temporary CSF leak, which was resolved spontaneously, and
one fatal hemorrhagic complication occurred in the youngest
patient (6 days). This was due to injury of the premature thin-
walled blood vessels while navigating the endoscope through
the floor of the third ventricle.

Discussion
The overall clinical success rate in this study was 69.4%.

Patients with aqueduct stenosis had the higher success rate
of ETV (77.4%). We propose that early failures in infants
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may result from reduced flow through the stoma, with
subsequent closure of the fenestration due to soft skull, and
an intracranial pressure that is not high enough to maintain
the potency of the fenestration. Other causes have been
suggested as high CSF protein causing obliteration of the
CSF pathway, and failure of CSF absorption despite a
patent stoma [4, 5, 10, 13, 14].

Buxton and his colleagues [2] observed that the presence
or absence of flow through the ventriculostomy and the size
of the lateral ventricles on postoperative imaging were not
an indicator of success or failure. In our cases, ETV was
repeated in three patients, after 1, 6, and 10 months from
the initial procedure. The reason of failure was found to be
second membrane in the first infant and complete closure in
the other two patients, confirmed during redo ETV.

In one infant, obstructive hydrocephalus was caused by
quadrigeminal cistern lipoma (Fig. la and b). This infant
underwent balloon aqueductoplasty, followed by ETV
without inserting aqueductal stent. He has been followed

Fig. 1 aand b MRI of an infant
before surgery showing
massively dilated third ventricle
due to obstruction of the
Aqueduct by a quadrigeminal
cistern lipoma. ¢ and d Seven
years follow-up MRI scan after
endoscopic third ventriculos-
tomy, and aqueductoplasty
showing marginal increase in
the size of the lipoma, and third
ventricle remained dilated.

up for 7 years, the lipoma marginally increased in size, and
although ETV was patent, the ventricles remained large
(Fig. 1c and d).

ETV is not used routinely as the initial treatment for
hydrocephalus in patients with Chiari II malformation, as
hydrocephalus in those patients has been considered
complex and is due to extensive deformity of the
posterior fossa and its structures, including small capac-
ity of the posterior fossa, caudal displacement of the
fourth ventricle, abnormal disposition of the mid brain
and tentorial hiatus, and downward displacement of the
cerebellar tonsils through the foramen magnum. This is
different from the precipitating mechanism for adult—
onset hydrocephalus among patients with Chiari I
malformations, which probably involves increasing
blockage of CSF flow at the foramen magnum. Although
the outcome of third ventriculostomy is expected to be
different in both cases, ETV remains an available
treatment option of the associated hydrocephalus [15].
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We suspected that hydrocephalus was the consequence of
obstruction of the outlets of the fourth ventricle in two
infants with Chiari II malformation, in whom ETV
successfully treated hydrocephalus.

In infants with congenital hydrocephalus associated with
posterior fossa cyst, e.g. cerebellopontine angle arachnoid
cyst in one patient (Fig. 2a and b) and Dandy—Walker cyst
in two patients, ETV proved successful in bypassing the
obstruction and treating hydrocephalus (Fig. 2c and d). It
has been thought that ETV would be sufficient to
decompress the ventricles and the cyst when the aqueduct
is patent, and in the presence of aqueductal obstruction,
ETV alone may not be enough and must be combined with
a procedure draining the posterior fossa cyst [16]. This
could be explained by the fact that Dandy—Walker is a

Fig. 2 a Axial MRI, T2-WI
showing a large left cerebello-
pontine angle arachnoid cyst
with CSF flowing through it,
and causing moderately severe
hydrocephalus (b). ¢ and d MRI
picture 6 years after ETV
showing marginal improvement
of the fourth ventricle position,
and cyst size remained the same

@ Springer

complex cystic dilatation of the fourth ventricle, associated
with varying extents of vermian hypoplasia and hydroceph-
alus; while arachnoid cysts arise during development from
splitting of arachnoid membrane, and brain volume is
actually the same and that it is expected to expand after
CSF diversion. However, ETV alone was reported success-
ful in treating obstructive hydrocephalus associated with
Dandy—Walker variant in some cases [5, 17, 18].

It has been reported that the use of ETV is safe and
effective for the treatment of shunt dysfunction in patients
with obstructive hydrocephalus [19, 20]. This can be
considered also for infants with shunted hydrocephalus
when they present with shunt malfunction. Two of our
infants had their obstructed shunts removed after
performing successful ETV.
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Ventricular size often shows no obvious change follow-
ing third ventriculostomy, particularly in the early postop-
erative period, making early postoperative evaluation
difficult without expensive and often invasive testing in
patients with equivocal clinical responses [12]. The patients
underwent CT 1 year after ETV, and we measured the
Evans index. Although 64% of the patients showed no or
moderate change in ventricular volume as assessed by
Evans index, marked reduction in ventricular size was
observed in 25% of patients.

Although all our patient populations were younger than
1 year of age and presumably most of them presented with
acute rather than chronic hydrocephalus, we found that, there
is no statistical significance that age at presentation is related
to persistence of postoperative ventricular dilatation (P> 0.05)

None of the patients had a preoperative cognitive
function assessment, as all were below | year, and only
few of them had neuropsychological assessment during
their follow-up after ETV.

Hemorrhagic complications resulting from neuroendoscopy
for hydrocephalus have seldom been reported. Gaab and
Schroeder [21] have previously discussed the methodology
that most neurosurgeons perform using neuroendoscopy to
control intraoperative bleeding through the endoscope. As the
vast majority of hemorrhages encountered during the proce-
dure resolve spontaneously with continued irrigation and
occasionally with the bipolar diathermy [22]. In our series,
fatal uncontrollable bleeding happened in one patient (2%).

There are recent reports on neuroendoscopy for hydro-
cephalus in infants showing variable success rates (Table 2).
These variations in the results may be related to differences
in the patient populations, and the follow-up period, before
which ETV will be considered failure. We believe this
needs multicenter, prospective, long-term follow-up studies.

A prospective randomized, controlled trial of ETV vs
shunting in children presenting under the age of 2 years
with pure aqueduct stenosis is already running (the
International Infant Hydrocephalus Study), hoping to
provide answers to unsettled debates on the value of
neuroendoscopy for infants [23].

The success rates have been found in the range of 37.5%
to 83.7%. However, the overall success rate of the recently
published series was found to be 57.3% for 696 infants.

The success rate in our study was not influenced by the age
of patients at the time of ETV, the mean age was 4.59 and
4.57 months for both successful and failed cases, respectively,
(P> 0.05). On the other hand the success rate was influenced
by the underlying pathology and the gestational age of the
patients, rather than the age at the time of presentation. One
out of seven (14%) premature infants with low birth weight
had improved compared with 85.7% improvement in full-
term infants with normal birth weight, (P=0.003).

Koch and Wagner [24] also reported that factors
indicating potential failure of ETV were very young age
and etiology other than idiopathic aqueduct stenosis, and
the probability of success in their opinion seemed to
increase during the first 2 or 3 months of life.

Conclusion

Neuroendoscopy can be considered as initial treatment of
hydrocephalus, particularly occlusive type, in infants less
than 1 year of age. ETV was effective in full-term infants,
and carries low morbidity, while the results in low birth
weight and preterm infants were poor. However, Success of
ETV in this group was affected by gestational age and
etiology of the hydrocephalus.

Table 2 Recently published series of endoscopic third ventriculostomy in infants younger than 1 year of age

Author/year Year No. of infants Aqueduct stenosis Success rate (%) Mean F.U.
Present Study 2010 49 31 69.4 68.2
Baldouf et al. 8] 2007 16 8 37.5 26.2
Koch-Wiewrodt et al. [25] 2006 28 28 46.4 NDA
Yadav et al. [26] 2006 54 48 83.7 18
Fritsch et al. [27] 2005 18 4 38.9 NDA
Warf B [28] 2005 443 152 80 19
Gorayeb et al. [29] 2004 36 11 64 47.4
Koch et al. [24] 2004 16 16 454 25
Fritsch et al. [30] 2002 15 NDA 60 NDA
Javadpour et al. [31] 2001 21 7 48 18
Total 696 >305 57.3 18-68.2

F.U. follow-up, NDA no data available
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ETV should be considered a valuable alternative to shunt

revision in infants affected by obstructive hydrocephalus
presenting with shunt malfunction.
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