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ABSTRACT

Background: Endoscopic third ventriculostomy (ETV) has been shown to be a sufficient alternative to shunts
in surgical treatment of obstructive hydrocephalus. Long-term failure, age limitations, and outcome by cause are
some of the issues debated in literature. The objective of this article is to analyze the clinical success and failure of
ETV and its main complications.

Methods: A total of 209 patients with hydrocephalus were submitted to ETV, including a mixed population of
children and adults (from 0 to 59 years). Patients were divided into five groups: A — tumors, B - aqueductal
stenosis, C — myelomeningocele, D — infection and hemorrhage, and E - arachnoid cyst. Variables were analyzed:
age, ETV success rate, cerebrospinal fluid (CSF) fistula, mortality, and complications.

Results: The two main causes of hydrocephalus were tumors (44.9%) and aqueductal stenosis (25.3%). The overall
success rate was of 82.8%, and patients in Group E had the highest rate 90.9%. Group A had a success rate of
89.3%, and Group B had a rate of 88.6%. The ETV success rate was significantly higher in patients older than
1 year (P < 0.001); the former also had a lower risk of CSF fistula (P < 0.0001). The overall mortality rate was 2.8%.

Conclusion: Better results were observed in the groups of patients with tumors, aqueductal stenosis, and
arachnoid cysts, while those whose primary causes of hydrocephalus were myelomeningocele, infections,
or bleeding had higher rates of failure after the procedure. This study demonstrated that age under 1 year and
hydrocephalus caused by myelomeningocele, bleeding, and infection were considered independent risk factors of
poor prognosis in ETV.

Keywords: Endoscopic third ventriculostomy, Hydrocephalus, Posterior fossa tumor, Treatment outcome

INTRODUCTION

Hydrocephalus is a pathology caused by excessive increase in the amount of cerebrospinal fluid
(CSF) in the brain ventricles, thus increasing intracranial pressure and injuring the brain. In
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Brazil, the occurrence of hydrocephalus is reported in 1-3 of
every 1000 live births. Moreover, approximately 60% of cases
affect newborns, whereas approximately 40% of cases are in
elderly patients, and it is more likely to develop in the male
sex.l1”)

In pediatric patients, hydrocephalus continues to be one of the
most recurrent causes of admission to pediatric neurosurgery
units. In 1923, William Jason Mixter demonstrated that
endoscopic fenestration of the floor of the third ventricle
could successfully treat congenital hydrocephalus, thus
giving rise to endoscopic third ventriculostomy (ETV)
as a therapeutic approach to hydrocephalus, avoiding
extracranial shunts.'”! As the years passed, this technique
has been enhanced and accepted as a frequently used tool in
the treatment of hydrocephalus. The advantages of ET'V with
respect to extracranial shunts have been frequently reported,
demonstrating better results regarding risk of infection and
failure rate.!

ETV is an intracerebral surgery performed by the
neuroendoscopic approach, which makes it possible to divert
the flow of CSF trapped in the ventricles to the subarachnoid
cisterns. The efficiency of ETV has frequently been described
in the literature, and it is dependent on correct surgical
indication.”! There are, nonetheless, discrepancies regarding
the efficacy rates, given that neurosurgery services report
different results, especially in the pediatric population.>!7?!
One possible reason for this lack of data is related to failure to
observe technical details, given that this procedure continues
to be restricted among neurosurgery services.?2%!

In 1994, ETV was adopted as an important tool for the
treatment of children and adults with hydrocephalus in two
leading neurosurgical centers located in the Northeast Region
of Brazil. The objective of this article is to analyze the clinical
success and failure of ETV and its main complications.

MATERIALS AND METHODS

From April 1994 to June 2014, 209 patients with
hydrocephalus (140 males, 66.9%, and 69 females, 33%) were
submitted to ETV at the Hospital da Restauragdo and the
Professor Fernando Figueira Integral Medicine Institute. All
patients diagnosed with hydrocephalus operated by ETV in
the mentioned period were included in the study. No patients
were excluded from this study. We performed magnetic
resonance imaging preoperatively in 60% of patients,
and the remaining cases were diagnosed by computed
tomography. Follow-up ranged from 1 to 98 months, with
an average of 19.2 months. Postoperative control magnetic
resonance imaging was performed in 80% of cases. Based
on hydrocephalus etiology, patients were divided into
the following five groups: Group A - tumors, Group B -
aqueductal stenosis, Group C - myelomeningocele, Group D
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- infection or hemorrhage, and Group E - arachnoid cysts
(posterior cranial fossa cysts).

The patients included in this study had intracranial
hypertension with Cushing’s triad (hypertension, bradycardia,
and irregular breathing rhythm) and/or symptoms such as
vomiting, headache, and altered level of consciousness, and,
in children, aspects such as bulging of the anterior fontanelle,
increased head circumference, engorgement of superficial
veins, and other clinical signs. Choice of surgical treatment was
discussed and evaluated on a case-by-case basis. The criteria
used to evaluate success of treatment with ETV were clinical
improvement and shunt independence (clinical success),
with disappearance of initial symptoms, in conjunction with
confirmation by imaging examination (magnetic resonance in
80% of cases), in accordance with the Canadian Pediatric Study
Group.” In the present study, we did not perform ventricular
measurements after completing endoscopy.

Characteristics of patients

The main results are summarized in [Table 1]. In total,
209 patients were operated during the 20-year period.

Table 1: Characteristics of all the patients according to sex,
age, and division of primary causes of hydrocephalus by group,
according to clinical success or failure.
n (%) Clinical Clinical P
success of failure of
ETYV, ETYV,
n (%) n (%)
Sex
Female 69
(33)
Male 140
(66.9)
Age
<1 year 17 2 15 <0.0001*
8.1) (117)  (88.2)
>1 year 192 171 21
(91.8)  (89) (10.9)
Groups
A - Tumoral 94 84 10
(44.9) (89.3)  (10.6)
B - Aqueductal 53 47 6
stenosis (25.3) (88.6) (11.3)
C- 10 5 5
Myelomeningocele (4.7) (50) (50)
D - Postinfectious/ 41 27 14
hemorrhage (19.6) (65.8) (34.1)
E - Arachnoid cyst 11 10 1(9)
(52)  (90.9)
Total 209 173 36
(100)  (82.8) (17.2)
*P-value for age with clinical success or clinical failure. Significant
P-values in bold. Chi-square test.
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[Table 1] characterizes all patients by sex and age and shows
percentages according to primary cause of hydrocephalus.
Patients’ ages ranged from 0 to 59 years, with an average of
21.2 years, and they were divided by age into two categories:
younger than 1 year and older than 1 year.

Endoscopic technique

All surgeries were performed using a 0° rigid endoscope
(Aesculap, 2.7 mm diameter). The head was flexed at 30° and
trepanation was performed at Kocher’s point. The puncture
cannula was inserted by the freehand technique, and it was
never fixed during the procedure.

The floor of the third ventricle was perforated and dilated
with a 4 Fr Fogarty balloon catheter. Following dilation,
the endoscope was advanced toward the opening to
visualize structures of the prepontine cistern and to confirm
perforation of the Liliequist membrane. Hemostasis of
the puncture tunnel was obtained with Surgicel®. Surgery
concluded with the closure of subcutaneous and epidermal
layers.!'®!

It worth underscoring that perforation of the Liliequist
membrane is considered essential to a successful procedure.
In ETV, after opening the tuber cinereum, the underlying
structure is the Liliequist membrane, which is the upper
limit of the interpeduncular cistern. If the membrane is not
opened, communication between the ventricular system and
the subarachnoid system is not achieved, in which case, the
operation is not completed and is ineffective.!

Statistical analysis

All data were collected from patients’ medical files in a
retrospective cohort study. Statistical analysis was carried out
using IBM SPSS version 20 (IBM Corp., Charlotte, NC, USA)
and Prism 5.0 GraphPad (GraphPad Software Inc., La Jolla,
CA, USA). Frequency tests were performed to determine
percentages; Chi-square test ()?) was used to analyze categorical
variables. Results were considered significant at P < 0.05.

RESULTS
Morbidity/Mortality

The main results are summarized in [Table 2]. The most
common postoperative complication was subdural effusion
(8.1%) followed by CSF leak (7.6%). We also observed
meningitis in 4.3% of cases and transient third nerve palsy in
3.8% of cases [Table 2]. None of the patients who developed
meningitis had received prior external ventricular drainage.
The incidence of CSF leakage was closely related to age;
47% (8 cases) of patients younger than 1 year old had this
complication, in comparison with only 4.1% (8 cases) of

those older than 1 year (P < 0.0001). Among patients who
had CSF leak, 43.7% (7 cases) developed meningitis, in
comparison with only 12.5% (2 cases) of those who had not
presented this complication. Overall mortality was 2.8%
(0.4% related to ETV and 2.3% unrelated to the procedure).

Prognosis after ETV

Average duration of follow-up was 19.2 months (ranging
from 1 to 98 months).

During this period, overall success rate (clinical success)
was 82.8% (173 patients). No procedure was aborted due
to bleeding or anatomical variations. The method proved
ineffective in 17.2% (36 patients) of cases, and all of those
were submitted to a ventriculoperitoneal shunt.

Taken alone, patients in Group E (arachnoid cysts) had the
highest success rate, namely, 90.9%. Patients in Group A had
a success rate of 89.3%, and patients in Group B had a rate of
88.6%.

Patients older than 1 year had a significantly higher success
rate in relation to those younger than 1 year of age (P <
0.001) [Figure 1], and they had a lower risk of CSF fistula
(P < 0.0001) [Figure 2]. Overall mortality was 2.8%, and
mortality due to causes unrelated to the procedure (clinical
complications) was higher in relation to mortality due to
causes directly related to the ETV (P < 0.0001).

DISCUSSION

ETV has been established as the treatment of choice for
cases of obstructive hydrocephalus in recent years. The
need for equipment and know-how makes its dissemination
throughout multiple centers in developing countries

Table 2: Mortality and morbidity.
n (%) P
Mortality 6(2.8)
Related to ETV 1(0.4) <0.0001*
Unrelated to ETV 5(2.3)
Morbidity
CSF leak 16 (7.6)
<1 year 8 (47) <0.0001+
>1 year 8(4.1)
Meningitis 9(4.3)
CSF leak+meningitis 7 (3.3)
Transient third nerve palsy 8(3.8)
Subdural effusion 17 (8.1)
Seizure 0
Hemorrhage 0
CSF: Cerebrospinal fluid, ETV: Endoscopic third ventriculostomy. *P-value
for mortality related to ETV versus unrelated to ETV, tP-value for age with
or without CSF leak. Significant P-values in bold. Chi-square test.
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Figure 1: Number of patients (1) by age (younger and older than 1
year of age) with clinical success (orange bars) and clinical failure
(gray bars) (P < 0.0001, chi-square test).
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Figure 2: Number of patients (n) by age (younger and older than
1 year of age) with cerebrospinal fluid (CSF) leak (orange bars) or
without CSF leak (gray bars) (P < 0.0001, chi-square test)

challenge that still needs to be overcome. It is worth
emphasizing that the endoscopic technique reduces costs,!”!
given that it reduces length of hospital stay, as well as the
number of complications or subsequent reoperations that
are frequently seen with shunt procedures. After ETV,
success can roughly be defined by two criteria: either the
disappearance of symptoms after treatment or the lack of
need for further procedures, such as CSF shunt surgery."”

In the present study, we did not perform ventricular
measurements after endoscopy; however, there are conflicts
in the literature regarding the fact that no decrease in
ventricular size after ETV may or may not affect patients’
cognitive development. Sainte-Rose and Chumas®” showed
no cognitive changes due to maintenance of ventriculomegaly
after ETV. Another important point of conflict is whether the
reduction in ventricular size could, in some cases, be used
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as a criterion for evaluating the success of ET'V. Once again,
there are controversies within the neurosurgical literature
regarding the clinical relevance of this statement. Using the
above criterion of no new treatments or death after ETV to
define success, we observed that clinical success was achieved
in 82.8% of patients. Kadrian et al.' demonstrated a success
rate of 89% in 203 patients, and Hopf et al.'! showed 76%
success rate in 100 patients submitted to ETV. Recently,
Sacko et al.™! obtained 63% overall success rate, with 10%
morbidity. In agreement with Drakes” series, the majority
of our patients belonged to the group with posterior fossa
tumors (89.3% had clinical success after ETV) followed by
aqueductal stenosis (88.6% had clinical success after ETV).
These two groups showed better results, in agreement with
other series.'"”’ Hopf et al. published 79% success rate in
patients treated with ETV for hydrocephalus secondary to
tumors."! Sainte-Rose et al.?!l demonstrated that, when
performed before posterior fossa surgery, ETV significantly
reduces the incidence of postoperative hydrocephalus, and
it provides a valid alternative to permanent shunt placement
in cases where hydrocephalus develops following posterior
fossa surgery.

It should be borne in mind that, in cases of hydrocephalus
secondary to posterior fossa tumors, and some cases of
secondary aqueductal stenosis, treatment of the primary
cause can, by itself, lead to an improvement of hydrocephalus,
and the ETV success rate may, therefore, be overestimated.
The success of ETV depends on several factors, and the
cause of hydrocephalus (obstructive or communicating)
is only one among many. Age has also been identified as a
watershed in indications for endoscopic treatment. In our
study, we found better results in patients older than 1 year of
age, with favorable prognosis occurring in 89% (171 cases),
in comparison with only 11.7% (2 cases) among those under
1 year of age. These data corroborate those obtained by Kim
et al."¥! Beems and Grotenhuis had an overall success rate
of 53% in children younger than 2 years of age,’! and they
concluded that the success of ETV depends mainly on the
etiology of hydrocephalus and not on the age of the patient
alone. Another study by Gorayeb et al. demonstrated a
success rate of 64% in children younger than 1 year of age,
and new studies are still necessary before any definitive
conclusions.” In our series, the rate was lower than the
literature average.

Kulkarni et al® analyzed differences in cognitive
parameters in pediatric patients under 6 years of age with
postinfection hydrocephalus, who underwent ETV and
ventriculoperitoneal shunt in Uganda. Similarly to this study,
they did not show significant differences with respect to the
outcomes evaluated. In Kulkarni et al.,'""! the proportion of
children who had normal cerebral volume was numerically
similar in both treatment groups, as was the incidence of
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complications, including treatment-related infection and
death. The treatment failure rate was numerically, but not
significantly, higher in the ETV group.

Within this panorama, Gorgoglione et al.”) reported the case
of a complication after performance of ETV in a pediatric
patient, underscoring the need for additional evaluation
and care from the neurosurgery team. They report a case
that incorrect positioning of the ventricular catheter can
lead to iatrogenic obstruction of the ventriculostomy and
consequent failure of the ETV, which is a possible acute
failure of the ETV. Fortunately, this did not happen in our
case series.

In the present study, the incidence of CSF leakage was 47%
(8 cases) of patients younger than 1 year old. Val (2009)
published a study using minicraniotomy for ETV, minimizing
the occurrence of CSF fistula and subgaleal collections in
very young babes. This technique can be implemented in
our future cases, without modifying the duration, safety, and
efficacy of the procedure.!

Texakalidis et al®? conducted a meta-analysis of articles
published until 2018 regarding the risks and benefits of
ETV compared to shunting for hydrocephalus in pediatric
patients. In this meta-analysis, ETV was associated with
a statistically significantly lower risk of procedure-related
infection when compared to shunting. Mortality, CSF leak,
and reoperation rates were similar between the study groups.
Subgroup evaluation based on geographical region showed
that ETV was associated with statistically significantly lower
odds of reoperation in Europe and Africa, but not in the
United States and Canada. These results are in agreement
with those of Kulkarni et al." who also did not find evidence
of statistically significant differences between study groups in
terms of all-cause mortality.

A substantial discussion has been raised by studies
demonstrating that better prognosis is linked not to age per
se, but rather to the cause of hydrocephalus. In our opinion,
both factors seem to contribute significantly to the success
or failure of endoscopy in this population. In children, the
presence of immaturity in CSF absorption pathways and the
emergence of new arachnoid membranes may contribute to
the high rate of treatment failure.!!

Notwithstanding the potential occurrence of technical
failures inherent to the method, endoscopy has accomplished
its mission as an excellent alternative for keeping thousands
of patients free from ventriculoperitoneal shunts, especially
in the context of a developing nation like Brazil, where
malnutrition, poor access to specialized neurosurgical
services, and lack of health-care resources are still present in
some regions.

Cinalli et al® highlighted that complication rate of
neuroendoscopic procedures is not negligible, even in

experienced hands, and careful selection of patients with
preoperative imaging studies and intensive training of
surgeons are mandatory to improve results.

Procedure failures can be classified as early or late, according
to time after endoscopy. Early failures are assessed when
the patient continues to have intracranial hypertension,
as the CSF absorption system is still in the adaptive period
due to new drainage conditions, which can last weeks or
possibly months. The use of serial lumbar punctures (up to
3 times weekly) and inhibitors of carbonic anhydrase for
short periods seems to favor better outcome in cases with
reabsorption difficulties (effusion in place of trepanation, low
output fistulas, or even mildly symptomatic patients).”

Late failures generally result from either scarification or
gliosis in the area of the stoma or in the basal cisterns (most
commonly in children), and the causes are still speculative
(reduced CSF flow and/or change in differential pressure). As
stated by Drake et al.,/ late rapid deterioration is a rare but
lethal complication of ETV, and patients or caregivers should
always be counseled regarding this potential complication.

CONCLUSION

Notwithstanding the need for a specific learning curve and
materials with considerably high prices, the use of ETV has
served to reduce the costs generated by numerous revision
surgeries following shunt placement and also to lower
average hospital stay. Age (<1 year) and the primary cause
of hydrocephalus were isolated prognostic factors for the
outcome of ETV.

Better results were observed in the groups of patients
with tumors, aqueductal stenosis, and arachnoid cysts,
while those whose primary causes of hydrocephalus were
myelomeningocele, infections, or bleeding had higher rates
of failure after the procedure.
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