SHORT COMMUNICATION

Endoscopic Third Ventriculostomy to Treat
Hydrocephalus in Children with Brain
Tumours - a Single Centre Experience

Endoskopicka ventrikulostomie Ill. komory v [é¢bé hydrocefalu
u déti s mozkovymi tumory — zkusenosti jednoho centra

Abstract

Introduction: Neuroendoscopy is a mini-invasive alternative to implantation of drainage systems
in particular. In indicated cases, this method could lower morbidity and increase the quality of
life in children with brain tumours. In children with a tumour of posterior fossa, endoscopic
third ventriculostomy (ETV) could be used instead of internal drainage system implantation. In
patients with deep-seated intraventricular expansions, the diagnosis may be refined using endo-
scopic sample biopsy and, simultaneously, definitive treatment can be provided of the second-
ary hydrocephalus. Aim: To obtain short-term outcome data for endoscopic treatment of hy-
drocephalus in children with brain tumours in a tertiary care centre and to evaluate reliability of
this approach. Patients and method: The sample involved 21 children, 16 boys and 5 girls, aged
1 to 16 years with a primary brain tumour and secondary obstructive hydrocephalus caused by
the tumour who underwent surgery between 1st January 2008 and the end of November 2010.
Results: Six patients had no permanent cerebral spinal fluid (CSF) drainage after the brain tu-
mour surgery, other 5 had a successful ETV, 10 children had a permanent ventricular-peritoneal
shunt (V-P) implanted (2 of them after an unsuccessful ETV). The length of the procedure for
hydrocephalus itself is comparable between shunt and ETV. Nevertheless, the length of primary
hospitalization is markedly shorter for the patients with ETV (28 das versus 41 days for patients
with V-P shunt). Likewise, complications demanding further surgical revisions were more fre-
guent in patients with implanted drainage system. Conclusion: The miniinvasive endoscopic
approach was included in our therapeutic algorithm as the method of choice to treat secondary
hydrocephalus in children with posterior fossa tumour. Implantation of an internal drainage
system is the second line approach in patients in whom ETV cannot be performed or fails.

Souhrn

Uvod: Neuroendoskopie je miniinvazivni alternativou predevaim implantace drenaznich systémd.
V indikovanych pfipadech od ni ze ocekavat vyrazné snizeni morbidity a zlepseni kvality Zivota déti
s mozkovymi nadory. U déti s tumorem zadni jamy lebni mdze neuroendoskopicka. ventrikulosto-
mie lll. komory nahradit implantaci vnitiniho drenazniho systému. U obtizné pfistupnych nitroko-
morovych expanzi je mozné zpfesnit diagnézu endoskopickym odbérem biopsie a v jedné dobé
provést i definitivni o3etfeni sekundérniho hydrocefalu. Gif: Cilem préce bylo na zakladé ziskanych
dat posoudit moznosti vyuziti endoskopického pristupu v terapii sekundarniho hydrocefalu u déti
s tumorem mozku. Soubor a metodika: Do souboru bylo zahrnuto celkem 21 déti, 16 chlapct
a 5 divek s vékovym rozpétim od 1 do 16 let véku s primarnim tumorem mozku a sekundar-
nim obstrukénim hydrocefalem zplsobenym tumorem, ktefi byli operovani v pribéhu obdobf
od 1. 1. 2008 do konce listopadu roku 2010. Vysledky: Celkem 6 nemocnych zlstalo po operaci
tumoru mozku bez trvalé drendze likvoru, 5 ma Uspésnou ETV, 10 déti ma trvale implantovany
V-P shunt (2 z nich po neuspésné ETV). Délka samotného operacniho vykonu pro hydrocefalus je
srovnatelnd pro shunt i ETV, nicméné délka prvotni hospitalizace je zietelné kratsi u nemocnych
s provedenou ETV. Rovnéz komplikaci, které si vynutily dalsi operacni revize, bylo vice u nemoc-
nych s implantovanym drendznim systémem. Zaver: Na zakladé zkusenosti s uvedenym souborem
détskych pacientl byl endoskopicky miniinvazivni pfistup implementovan do terapeutického al-
goritmu jako metoda prvni volby v terapii sekundarniho hydrocefalu u déti s tumorem zadni jamy
lebni. V pfipadé nemoznosti provedeni ETV nebo jejiho selhani je metodou druhé volby implantace
vnitfniho drenazniho systému.
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Introduction

Paediatric patients with a brain tumour
used to form the saddest spheres of
paediatric neurosurgery and oncology.
In addition, recent publications show
that medulloblastoma continues to be
a tumour with severe prognosis with
5-year EFS of about 50-70% [1]. With
the development of new surgical techni-
gues, microsurgery, endoscopic methods
as well as new chemotherapy and targe-
ted radiotherapy options, the chances for
long-term survival and even complete re-
covery of children with malignant brain
tumours significantly increases. In addi-
tion, the need to improve the quality of
life of the afflicted children is increasin-
gly being stressed as is the need to use
minimally invasive surgical techniques as
well as the entire therapeutic approach
in children whose histological subtype is
more favourable (particularly the pilocy-
tic astrocytoma). The care for a paediat-
ric patient should aim not only to cure
the patient but also to provide maximum
possible comfort, reduce the number of
surgeries, their length, number of sur-
gical wounds and stress and pain asso-
ciated with it. Implanted ventricular-pe-
ritoneal shunt very negatively affects the
lives of paediatric patients with posterior
fossa tumours. There is no doubt that the

ventricular-peritoneal (V-P) shunt repre-
sents a significant advance in the treat-
ment of hydrocephalus in paediatric pa-
tients. However, in spite of indisputable
benefits, it bears a risk of numerous me-
chanical or infectious complications. If
it is not necessary, implantation of the
shunt should be avoided or replaced with
a 'gentler’ and safer method, such as en-
doscopic third ventriculostomy (ETV) in
obstructive hydrocephalus [2,3]. Even
though the financial aspects are less im-
portant, it needs to be acknowledged
that the increasing quality of shunt sys-
tems is associated with a steady price in-
crease. In spite of the high purchase costs
of endoscopic instrumentarium, endo-
scopy seems to be a safer and more ef-
fective method for the patients as well as
a more cost-effective solution for health
care providers [4].

At present, obstructive hydrocephalus
is the primary diagnosis where endosco-
pic approach can be applied. In our study,
the method is used specifically in patients
with posterior fossa tumours [5].

In a small number of patients, endo-
scopy can be used for a biopsy from in-
traventricular tumours or during ventricu-
lar tumour procedures [6,7]. Endoscopy
of the third cerebral ventricle has be-
come a standard, whereas robust anato-

mical evaluation, such as description of
the third ventricle base anatomy in hydro-
cephalic patients, is required when it is to
be performed safely [8].

The aim of the project was to assess
the advantages and risks of endoscopic
approach for children with brain tumours
and secondary obstructive hydrocephalus
and its comparison with the traditional
method of V-P shunt implantation.

In individual cases there was a secon-
dary aim to examine the feasibility of en-
doscopy as a diagnostic tool in deep-
-seated intraventricular brain tumours in
children.

Authors attempted to prove that the
neuroendoscopy is a mini-invasive alter-
native to the drainage system implanta-
tion in particular and, in indicated cases,
a notable decrease in morbidity as well
as increased quality of life in children
with brain tumours can be expected. It
has been assumed that, in children with
a posterior fossa tumour, the endoscopic
third ventriculostomy could replace exter-
nal ventricular drainage and, eventually,
the permanent V-P shunt. In patients with
deep-seated intraventricular expansions,
diagnostic refinement is expected using
an endoscopic biopsy sample. Eventually,
endoscopy can be used for an opening or
targeted drainage of a tumour cyst.

Fig. 1. Insight to the Ill. ventricle through the f. Monro,
which is bordered clockwise by fornix, thalamostriate
vein, chorioidal plexus and septal vein.

Fig. 2. Base of the lll. ventricle, the mammilary bodies are
clearly seen, between them the basilar artery, rostrally tu-

ber cinereum - place for the planned opening.
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Fig. 3. The lll. ventricle base after opening.

Patients and method

The sample included 21 children, 16 boys
and 5 girls, aged 1 to 16 years with a pri-
mary brain tumour and secondary ob-
structive hydrocephalus caused by the
tumour who underwent surgery between
1st January 2008 and the end of Novem-
ber 2010. Diagnosis of the tumour and
of subsequent obstructive hydrocepha-
lus was always made on clinical sym-
ptoms and was confirmed by CT or brain
MRI scan. All patients were and still are
treated at the Paediatric Oncology De-
partment, University Hospital Brno. Neu-
rosurgical drainage surgery was, in the
majority of patients, performed at the
Department of Paediatric Surgery, Ort-
hopaedics and Traumatology, University
Hospital Brno. Three children had the sur-
gery done at another neurosurgical de-
partments. One patient had an initial dif-
fuse tumoural spread across the brain
and spinal cord meninges and underwent
a biopsy through laminectomy. All other
patients were indicated for a resection of
the posterior fossa tumour.

Pathology revealed low-grade astrocy-
toma in 6 children, 1 high-grade brain
stem glioma, 2 patients had ependymoma
and 12 children had medulloblastoma/
/PNET. Adjuvant treatments, if indicated,
were according to the current protocol by

Fig. 4. Insight through the opening in the Ill. ventricle
base. One can see the dorsum sellag, in the lower part ba-
silar artery, above is pituitary gland with its stalk.

one of the international paediatric onco-
logy cooperative groups, i.e. either the
Société Internationale d'Oncologie Pé-
diatrique (SIOP) or the Children’s Onco-
logy Group (COG). When having sym-
ptoms of acute hydrocephalus, the
majority of patients were preoperatively
secured by a temporary external ventri-
cular drainage. Postoperatively, the need
for a definitive CSF drainage was decided
according to the clinical outcome. If sur-
gery indicated the endoscopic third vent-
riculostomy with Ommaya reservoir pla-
cement was preferred (Fig. 1-4) [9].

Subsequently, we evaluated a number
of surgical complications as well as sur-
gical burden of a particular procedure
(numbers of surgical wounds, length of
surgery) and compared the duration of
primary hospitalization. The aim was also
to evaluate the cost of ETV compared to
the V-P shunt implantation.

Results
Postoperatively, 6 out of 21 patients did
not need permanent CSF drainage, 5 chil-
dren underwent a successful ETV, 10 pa-
tients had the permanent V-P shunt im-
planted (2 of them after failed ETV).
Summary results are shown in the Tab. 1.
The average duration of surgery was
88 minutes including preparation and

administration of anaesthesia. Shunt im-
plantation took 87 minutes and ETV 89
minutes. The difference is not statisti-
cally significant. Shorter surgical part of
ETV procedure (anaesthesia is not inclu-
ded) encourages its use. Considering the
age of the treated patients, anaesthesia
often represents as much as half of the
total surgery time.

The mean duration of primary hospita-
lization during which the resection and
hydrocephalus surgery was performed
was 33 days; 21 days for pilocytic astrocy-
toma and 37 days for medulloblastoma.
Patients with ETV spent 28 days (mostly
medulloblastomas, does not include his-
tology) and patients with implanted shunt
41 days in a hospital.

As expected, patients with no need
for any drainage had the shortest hos-
pitalization, 20 days on average. Com-
plications in patients with successful ETV
were only sporadic. One patient expe-
rienced a temporary minor CSF fluctua-
tion over the burr hole that healed when
a compression bandage was applied and
a single shot puncture performed. There
were two unsuccessful ETVs (28% of the
total number of patients with ETV) that
were resolved with shunt implantation.
In the first patient, the approach had to
be revised due to lasting intracranial hy-
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Tab. 1. Summary results.
Patient Age Sex Histology M Operation Operation Year of Hospitalization time  Number of
type length (min) operation length (days) operations
MV 5 F A - - 2010 15 0
PK 3 M A - - 2010 22 0
ME 15 M A - - 2009 16 0
AK 3 M A S 80 2010 38 4
OoP 7 M A - - 2010 18 2
PW 11 M A S 65 2009 19 3
MF 7 M £ ETV 120 2010 28 2
MS 5 M E S 65 2010 66 3
JB 14 M G S 88 2009 25 2
KH 8 F M 0 - - 2010 impossible 0
KK 2 M M + - - 2009 33 0
DS 5 M M + ETV ? 2010 26 2
TP 1 M M 0 ETV 70 2010 20 3
KF 13 M M 0 ETV 105 2010 45 2
VP 5 M M 0 ETV 60 2010 21 2
FK 1 F M + S 165 2009 75 11
LT 7 F M + S 95 2008 29 2
DK 6 M M 0 S 70 2008 24 2
B 2 M M 0 S 72 2008 24 2
MB 4 M M + S 80 2009 67 2
HK 16 F M meninges  + S 90 2009 impossible 1
Histology: A — pilocytic astrocytoma, E — ependymoma, M — medulloblastoma, G — glioblastoma

pertension with bulging pseudomenin-
gocele after a posterior fossa tumour
surgery. The second failure occurred
6 weeks after the ETV and manifested
with intracranial hypertension due to
decompensation of hydrocephalus after
the endoscopy.

Three out of the 10 children (30%)
with V-P shunt had complications related
to the implanted shunt. In two patients
this meant one surgical revision only to
resolve complications linked to over-
-drainage. Repeated complications in one
patient required a total of 11 surgeries.
Most frequently these were revisions due
to infectious complications at the first
of the peritoneal catheters with an in-
evitable temporary externalization of the
whole shunt system. Subsequently, after
the shunt replantation, several revisions
were required because of wound dehis-
cence on the head. This dehiscence is ex-
pected to have resulted from chronic mi-
tigated infection during complex cancer
therapy, including repeated chemothe-
rapy cycles with profound and prolon-
ged episodes of neutropaenia. In patients
with a shunt, the total number of surge-

ries to manage hydrocephalus, including
possible preoperational drainages, was
3.2. If we exclude the patient with mul-
tiple surgical revisions, the final number
of surgeries was 2.3. Patients with ETV
had 2.4 surgeries, including the 2 pa-
tients who required subsequent V-P shunt
implantation.

Patients who were maintained without
any drainage continue to be monito-
red with no symptoms of hydrocephalus
or intracranial hypertension. These were
predominantly the patients who were dia-
gnosed with pilocytic astrocytoma (4/6).

Two children died, both of the disease
progression. One had a histological dia-
gnosis of glioblastoma multiforme and
the other of cerebellar medulloblastoma.
However, median of follow-up is too
short to evaluate long-term survival.

Calculating the cost of investments and
expendable supplies, the rate of return of
endoscopic instrumentarium is approxi-
mately 20 ETV-type surgeries. If more ex-
pensive programmable shunts are used,
then the rate of return is much faster.

In addition, in terms of economics, the
ETV expedience increases in time as there

is a lower number of reoperations and,
therefore, reduced additional surgery and
hospitalization costs. Compared to histo-
rical controls, patients with high-grade
posterior fossa tumours who required ad-
juvant therapies — chemotherapy and ra-
diotherapy — experienced improved over-
all status prior to the commencement of
oncology treatments.

In addition to the patients with pos-
terior fossa tumour and hydrocephalus,
the endoscopy approach was also used
to perform biopsy of intraventricular
tumour in 5 paediatric patients. There
were 2 craniopharyngiomas, 1 pilocytic
astrocytoma, 1 high-grade glioma and
1 malignant embryonal tumour. In all
cases, the biopsy was diagnostic in spite
of a quite small size of the sample. We
did not observe any surgical complica-
tions. In neither of the patients was it
possible to perform the biopsy concur-
rently with the initially planned ETV be-
cause of size of the tumour. All patients
with the third ventricle tumour were
treated with endoscopic biopsy appro-
ached through frontal horn of lateral
ventricle.
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Discussion

In the majority neurosurgical depart-
ments, neuroendoscopy is presently con-
sidered to be the method of choice in
therapy of secondary hydrocephalus in
children with posterior fossa tumour [3].
It is highly effective (up to 100%) when
performed in patients with mesencepha-
lic or tectal tumours and pineal region
tumours. Endoscopy is preferred to ven-
tricular-peritoneal shunt implantation in
cases with obstructive hydrocephalus evo-
ked by these tumours [10]. Since 1923,
when Mixter first published the use of en-
doscopic third ventriculostomy, the neu-
roendoscopic surgery technigue has evol-
ved and indication spectrum expanded.
Nowadays, endoscopic treatment is the
most convenient therapeutic procedure in
paediatric patients with obstructive hyd-
rocephalus [11]. The benefits of the tech-
nique are clearly documented in statistical
evaluations of large samples of patients
where the bias resulting from diverse pri-
mary diagnoses (leading to the obstruc-
tive hydrocephalus) is limited [12]. Such
studies also show that, in a very short
time of several months post-operatively,
the risk of ETV failure could be higher
than the risk of shunt malfunction. How-
ever, in the long-term perspective, ETV is
associated with a significantly lower risk
of failure than shunts [12]. A functional
shunt is probably comparable to ETV [13]
when the quality of life is considered. Ne-
vertheless, this needs to be confirmed by
further, more detailed studies on larger
patient samples.

Even though endoscopic third ventricu-
lostomy does not preclude development
of post-surgical hydrocephalus , it contri-
butes to prevention of acute post-surgi-
cal hydrocephalus due to postoperative
cerebral tissue oedema. ETV also lowers
the risk of CSF infection, higher in pa-
tients with external ventricular drainage,
and minimizes the risk of over-drainage
as it constitutes more physiological drai-
nage of CSF than temporary or perma-
nent drainage systems [14]. This can also
explain the obviously slower reduction in
dilation of cerebral ventricles after ETV
than with V-P shunt.

Failure of endoscopic third ventriculos-
tomy (26%) is lower than failure of ven-
tricular-peritoneal shunt (42%) in surgical
solution of obstructive hydrocephalus in
children with brain tumours [15].

The ETV failed in 2 cases out of 7 pa-
tients (28%) in our sample group. Com-
plications of the V-P shunt were recorded
in 3 cases out of 10 (30%), in one case
even repeatedly in the same patient.

ETV was successful in 3 of the 6 pa-
tients with M 0 stage medulloblastomas,
and in 1 of the 6, children with a meta-
static disease.

In patients with tumours in the dor-
sal part of the third ventricle, endoscopic
biopsy can be very effectively (with 100%
successfulness) performed at the same
time as endoscopic third ventriculostomy,
thus forming an optimal therapeutic sing-
le-stage procedure [16]. However, at our
neurosurgical department, we did not
identify any tumour in which successful
ETV could be feasible together with bio-
psy at the same time. All children with the
third ventricle tumour had a radiologically
established diagnosis at the time, when
the tumour practically blocked the entire
third ventricle and it was technically im-
possible to perform the ETV. Even in these
cases, biopsy sampling using neuroen-
doscope represented a significant con-
tribution to the diagnosis. Likewise, en-
doscopic biopsy sampling is preferred in
patients in whom radical surgical inter-
vention is not practicable, such as in pa-
tients with suspected craniopharyngio-
ma [13]. In all endoscopic biopsy cases,
the histology was conclusive and enabled
diagnosis. Literature suggests somewhat
lower proportion of histological diagno-
sis (70%). At our department, we use
a special grasper tool to extract a greater
volume of tissue. This might explain the
higher efficacy [6].

Authors initially planned to use endos-
copic third ventriculostomy at the acute
stage, preferably on the day of admission
of a diseased child to the hospital and
after the diagnosis of a brain tumour and
secondary hydrocephalus had been made.
However, the majority of our paediatric
patients are admitted to the hospital with
an advanced hydrocephalus and expres-
sed acute intracranial hypertension sym-
ptoms. A simple, fast surgery — placement
of a temporary external ventricular drai-
nage — thus seems to be the most desi-
rable and timely solution. ETV is techni-
cally a bit more complicated; it requires
a well-coordinated neurosurgical team
and is thus more suitable as an optional
procedure after tumour resection.

The analysis of the ETV procedures at
our department provided an interesting
outcome associated with the duration of
hospitalization; patients with ETV spent
an obviously shorter time at the hospi-
tal than the patients with an implanted
shunt. This was regardless of the fact that
4 out of 5 of them were diagnosed with
medulloblastoma that itself essentially ex-
tends the time of hospitalization. On the
other hand, patients with the shunt had
higher diversity of histological diagno-
ses, including several patients with pilocy-
tic astrocytoma. This prolongation cannot
be simply explained by higher occurrence
of surgical complications related to the
V-P shunt, for these complications usually
occurred during subsequent hospitaliza-
tions (three patients).

As we expected — hospitalization was
the shortest in patients in whom there
was no need for any CSF drainage after
tumour surgery. In adition, hospitalization
in patients with pilocytic astrocytoma was
shorter than that in patients with medul-
loblastoma, regardless of drainage type.

Reduction of the cerebral ventricle
width seems quite unreliable for evalua-
tion of the efficacy of the drainage sur-
gery. Especially after the ETV, cerebral
ventricles frequently remain dilated in
spite of the explicit clinical effect. In ad-
dition to the direct measurement of in-
tracranial pressure, clinical condition of
the patient continues to be the main pa-
rameter for evaluation of the effect of
hydrocephalus surgery [13].

At the time of the study, we were una-
ble to perform dynamic MRI scans to
assess the CSF flow through the ana-
stomosis. At present, this evaluation is
a standard part of postoperative MRI
protocol.

Conclusion

Endoscopic mini-invasive approach is
a feasible and effective method of cho-
ice to manage secondary hydrocephalus
in children with posterior fossa tumour. If
ETV cannot be performed or it fails, inter-
nal drainage system implantation is the
method of the second choice. As these
patients mostly present with the sym-
ptoms of acute hydrocephalus on ad-
mission, authors prefer to postpone the
definitive drainage surgery along with
acute placement of external ventricular
drainage.
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