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Abstract

The endoscopic third ventriculostomy (ETV) success score (ETVSS) was developed to predict the success rate of ETV at 6
months. In this study, the authors assessed the performance of this score for > 6 months, i.e., at 12 months, and provided external
validation in Brazilian children. All children undergoing first ETV (without choroid plexus cauterization) at a Brazilian single
institution for > 20 years were included in the study. The ETVSS was retrospectively calculated for each patient and compared
with the actual success of the procedure observed at 6 and 12 months after the procedure. A total of 313 eligible children
underwent initial ETV, 34.18% of whom had undergone shunt placement before ETV. The most common etiologies were
aqueductal stenosis (45%) and non-tectal brain tumors (20.8%). ETV was successful at 6 months in 229 patients (73.16%)
compared with the 61.3% predicted by the ETVSS. The overall actual success rate observed at 1 year after ETV was 65.1% (204
patients). The area under the receiver operating characteristic curve was 0.660 at 6 months and 0.668 at 1 year, which suggested a
tendency for the ETVSS to underestimate the actual success rate of ETV at both timepoints. The ETVSS showed good success
prediction in accordance with the actual ETV success rate and proved to be useful during the decision-making process of ETV.
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Introduction

Endoscopic third ventriculostomy (ETV) has been considered
an important procedure in the treatment of occlusive hydro-
cephalus (mainly aqueductal stenosis) in the last decades
[1-4]. However, the selection of this procedure for hydroceph-
alus remains controversial because of other factors, such as
infection, hemorrhage, and myelomeningocele [5-10].
Because of its lower success rate, it is difficult for young
neurosurgeons to decide when to perform ETV.

The ETV success score (ETVSS) was developed by
Kulkarni et al. [11] to predict the clinical response after ETV
based on age, previous shunt surgery, and cause of hydroceph-
alus in pediatric populations. This score has been validated in
several studies across North America, Europe, and the UK
[12-20]. Nevertheless, no validation of the ETVSS has been
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reported in Latin America. Furthermore, the ETVSS aims to
predict the ETV success rate at 6 months; thus, studies ad-
dressing its benefit at 1 year are limited [13, 17].

This study aimed to assess the ETVSS in a Brazilian pedi-
atric population to evaluate its performance at 6 months and 1
year after ETV and provide external validation.

Materials and methods
Patients and eligibility criteria

After obtaining approval from the ethics committee, we con-
ducted a retrospective observational study of all consecutive
pediatric cases of ETV at a single institution in Minas Gerais,
Brazil, between January 1996 and December 2016, through a
review of medical records. The STROBE guidelines were
followed in this study to provide more high level of evidence
in observational studies. The primary ETV procedure was
indicated for the combination of clinical symptoms of hydro-
cephalus and radiological evidence of lateral and third ventri-
cle dilation. All patients who did not undergo at least 1 year of
follow-up and children who had undergone choroid plexus
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cauterization and redo ETV or secondary ETV were excluded
from this study. Demographic data, etiology of hydrocepha-
lus, and postoperative complications were considered.

The criteria of age and etiology were based on those
established by the ETVSS model. Age was stratified into five
groups (< 1 month, 1 month completed to 6 months, 6 months
completed to 1 year, 1 year completed to 10 years, and > 10
years). Seven groups were considered based on the etiology,
i.e., post-central nervous system infection, myelomeningocele,
intraventricular hemorrhage, non-tectal brain tumors, tectal
brain tumors, and other causes (aneurysm of the vein of
Galen and Dandy—Walker syndrome was considered as other
causes).

Endoscopic technique

All surgeries were performed under general anesthesia with
the patients on a dorsal decubitus position with their heads
stabilized in a neutral position on a horseshoe-shaped head-
rest. A U-shaped skin surgical incision was used. In most
procedures, the burr hole was placed based on computed to-
mography or magnetic resonance imaging findings. The entry
point was usually located behind the hairline in the mid-
pupillary line. If the anterior fontanelle was still open, the
lateral border was carefully dissected, and osteoplastic
minicraniotomy was performed with the bone fixed using 3—
0 silk surgical suture, according to a previous publication of
the senior author (J.A.C.V.F) [21]. The dura was opened with-
out coagulation, and cortex mantle perforation was performed
with diathermia before lateral ventricular cannulation using a
peel-away sheath. A rigid neuroendoscope (Aesculap or Karl
Storz) was used in all cases and advanced into the lateral
ventricle, aiming at the foramen of Monro. The main third
ventricular landmarks were identified, such as the mammillary
bodies and tuber cinereum. Endoscopic ventriculostomy was
performed between the mammillary bodies and infundibulum.
The tuber cinereum was carefully punctured using a 4-French
Fogarty catheter. The stoma was enlarged by inflating the
balloon to achieve adequate fenestration. The Liliequist mem-
brane was opened in all cases to optimize the flow of the
cerebrospinal fluid (CSF) through the subarachnoid space. If
hemorrhage occurred, irrigation was performed using normal
saline solution at body temperature.

Validity of the ETVSS

The ETVSS was retrospectively applied to each patient using
the following criteria: age, hydrocephalus etiology, and previ-
ous shunt, in accordance with the original article published by
Kulkarni et al. [11] (Table 1). The score ranged from 0 to 90
and estimated the probability that an ETV was successful at 6
months. We compared our overall 6-month and 12-month
ETV success rates with the mean predicted 6-month success
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rate based on the ETVSS. A receiver operating characteristic
(ROC) curve was built to test the ability of the ETVSS to
discriminate the success from the failure of the technique at
both timepoints. An ETVSS > 0.7 was usually considered
satisfactory as a clinical prediction rule. Furthermore, we iden-
tified the cutoff point of the ETVSS regarding the improved
prediction of the actual success of ETV. The covariates of age,
etiology, and previous shunt were independently analyzed to
estimate the value of each parameter in the prediction of ETV
success.

ETV success criteria

After discharge from the hospital, postoperative assessment
was performed in the private office of the senior neurosurgeon
of'this study, and the data and those obtained from the hospital
charts were recorded. All patients considered for this study
have returned in a quarterly regimen for at least 1 year of
follow-up. The data obtained from the patient charts in the
hospital were analyzed and collected in the private office by
this study author and the resident of neurosurgery. The ETV
success was defined as a resolution of the symptoms of hy-
drocephalus, such as amelioration of bulging anterior fonta-
nelle, control of head circumference, and reversion of ocular
impairment signs and improvement in neurodevelopmental
delay, in children aged < 2 years, and improvement in severe
symptoms of intracranial hypertension, such as impairment of
consciousness, vomiting, and headache in older children.

In our institution, usually we did not consider the persis-
tence of ventriculomegaly as a criterion for ETV failure, and
clinical aspects were adopted as the main criteria.
Furthermore, the diagnosis of ETV failure is based on persis-
tence of symptoms corroborated by worsening of ventricular
dilation. In the present study, brain imaging findings were not
reassessed, and the information used was based on the charts.
Therein, ETV failure was considered when there was a subse-
quent need for redo ETV or shunt implantation based on clin-
ical and radiological evidence of the persistence or progres-
sion of hydrocephalus.

Statistical analysis

SPSS version 20 (IBM, Armonk, NY, USA), Minitab 16
Statistical Software (Minitab, PA, USA), and Microsoft
Excel 2010 (Microsoft Corporation, Redmond, WA, USA)
were used in the data analyses. A confidence level of 95%
was considered.

Student’s ¢ test was used to compare the mean ETVSS
between the patients who exhibited success and those who
had ETV failure at both timepoints.

The two-proportion equality test (chi-squared test) was
used to compare the success rates among the covariates of
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Table 1 ETV success score

Etiology Previous shunt

ETVSS

Score Age

0 < 1 month

10 1 month to < 6 months
20

30 6 months to < 1 year
40 1 year to < 10 years
50 > 10 years

Postinfectious Previous shunt
No previous shunt
Myelomeningocele, intraventricular

hemorrhage, non-tectal brain tumor
Aqueductal stenosis, tectal tumor, other etiology

The ETVSS was calculated as the age score + the etiology score+ the previous shunt score. Reprinted with
permission from Kulkarni Av et al.: J Neurosurg Pediatr 6:310-315, 2010

age, etiology, and previous shunt. Differences were consid-
ered significant at a P value < 0.05.

Results
Patient characteristics

During the study period, the senior neurosurgeon (J.A.C.V.F)
performed the majority of ETV procedures at our institution.
After the application of the exclusion criteria, 313 pediatric
patients were considered for the analysis (Fig. 1). There were
179 boys and 134 girls (P < 0.001). The most common etiol-
ogies were aqueductal stenosis (45%), non-tectal brain tumors
(20.8%), and myelomeningocele (15.3%). Previous shunt was
observed in 34.18% of children (Table 2).

Moreover, 65 children (40 boys and 15 girls) were classi-
fied as having non-tectal brain tumors of the following types:
pilocytic astrocytoma of the cerebellum (19 patients), medul-
loblastomas (14), ependymomas of the fourth ventricle (9),
diffuse glioma of the pons (12), exophytic brainstem glioma
(6), hemangioblastoma (1), ependymoblastoma (1), glioma of
the cerebellum (1), cerebellar teratoma (1), and ganglioglioma
of the fourth ventricle (1).

Effectiveness of the ETV

The overall ETV success rate was 73.2% after 6 months and
65.2% at 1 year. In patients with obstructive hydrocephalus
secondary to aqueductal stenosis, the ETV success rate was
83.6% in the first 6 months and 76.6% at 1 year. The covar-
iates of age, etiology, and previous shunt placement were
significant predictors of the success of ETV in the first 6
months after the procedure (Tables 3, 4, and 5).

In the follow-up period, 109 ETV procedures were consid-
ered failures, with most of them detected in the first 6 months
postoperatively (77.06%). In the non-tectal brain tumor cate-
gory (65), all tumors were located in the posterior fossa, and

ETV preceded tumor resection, with all 22 failures occurring
in the first 6 months postoperatively. The ETV success rate for
pilocytic astrocytomas of the cerebellum was 84.2%, while it
was 50% for medulloblastomas, 55.6% for ependymomas,
and 66.7% for diffuse gliomas of the pons. All six cases of
exophytic brainstem glioma achieved success. Other

Table 2  Characteristics of the 313 pediatric patients who underwent
primary ETV between 1996 and 2016

Age at ETV n (%)
< 1 month 25 (8)
> 1 to < 6 months 54 (17.3)
6 months to < 1 year 54 (17.3)
> 1 to 2 years 19 (6.1)
> 2 to 10 years 98 (31.3)
> 10 years 63 (20.1)
Etiology of hydrocephalus
Aqueductal stenosis 141 (45)
Non-tectal brain tumor 65 (20.8)
Myelomeningocele 48 (15.3)
Other 18 (5.8)
Intraventricular hemorrhage 17 (5.4)
Tectal tumor 13 4.2)
Postinfectious 11(3.5)
Previous shunt 107 (34.18)
ETVSS
10 9(2.9)
20 5(1.6)
30 20 (6.4)
40 37(11.8)
50 53(17)
60 36 (11.5)
70 63 (20.1)
80 67 (21.4)
90 23 (7.3)
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Assessed for eligibility (n=472)|

Excluded (n=159)
Age >18 years (n=128)
redoETV (n=16)
Follow-up under than one year (n= 4)
Endoscopic coagulation of choroid plexus (n=11)

Age<18
313 = Included patients}—r gl:ir_st Ei,e\e;rs

Fig. 1 Flow diagram of the selection process that was used to identify
patients who underwent ETV for inclusion in this study

pathological samples, such as ependymoblastoma, glioma,
and teratoma of the cerebellum, showed ETV failure.
Complications developed in 5.8% (18) of patients and includ-
ed subdural hemorrhage (3 patients), CSF leakage (3),
hyponatremia (2), meningitis (2), transient ophthalmoparesis
(2), transient hemiparesis (1), brain hemorrhage (1), long-
standing fever (1), and severe intraoperative hemorrhage (3).
One patient in this series died due to complication of a hem-
orrhage that developed 1 week after the procedure.

External validation of the ETVSS

The majority of the probability predicted by the ETVSS was
between 50% and 70%, followed by > 80%, whereas a lower
ETVSS was detected in a minority of cases (Table 6).

Overall, we observed a discrepancy between the actual
success rate and that predicted by the ETVSS, with a tendency
toward underestimation of the actual success of the procedure
at the 6-month and even 1-year timepoint.

The ETVSS exhibited a moderate accuracy for predicting
the actual ETV success according to the ROC curve analysis,
with an area under the curve of 0.660 at 6 months and 0.668 at
1 year after ETV (both, P < 0.05) (Fig. 2). From the ROC
curve, we obtained the best cutoff points to predict the success
of ETV, i.e., 0.45 at 6 months (sensitivity, 83.8%; specificity,
40.5%) and 0.65 at 1 year (sensitivity, 57.8%; specificity,
67.9%).

Table 3  ETV success at 6 months according to ETVSS age group

Age ETV P value
Success n (%) Failure n (%)

< 1 month 14 (56) 11 (44) <0.001

1 to 6 months 38 (70.4) 16 (29.6)

6 months to 1 year 38 (70.4) 16 (29.6)

1 year to 10 years 85 (72.6) 32 (27.4)

> 10 years 54 (85.7) 9(14.2)

Sum 229 (73.2) 84 (26.8)

Table 4  Success of ETV at 6 months according to etiology

Etiology ETV P value
Success n (%) Failure n (%)

Aqueductal stenosis 118 (83.7) 23 (16.3) < 0.001

Non-tectal brain tumor 43 (66.2) 22 (33.8)

Myelomeningocele 26 (54.2) 22 (45.8)

Other etiology 15 (83.3) 3(16.7)

Intraventricular hemorrhage 8 (47) 9 (53)

Tectal tumor 11 (84.6) 2(15.4)

Postinfectious 8 (72.7) 3(27.3)

Sum 229 (73.2) 84 (26.8)

The application of Student’s # test to compare the mean
ETVSS between patients with failed and successful ETV at
both timepoints yielded a cutoff ETVSS of 50% at 6 months
and 70% at 1 year. At both timepoints, the difference between
success and failure was significant (P < 0.001) (Table 7).

Discussion

In this study, we selected a large group of children who
underwent ETV, which represents an experience of a
Brazilian single institution as a way to better define the accu-
racy of ETVSS and help in decision-making of the pediatric
neurosurgeon to estimate the probability of success of ETV
for the first time in Latin America and provide external vali-
dation of this scoring system. The overall analysis of ETV
success observed in this present study, which depicted the
overall ETV success rate of 73.2% and lower morbidity, un-
doubtedly corroborated several previous studies that reported
the effectiveness and safety of the neuroendoscopic technique
[16, 19, 20, 22-27].

With the increasing application of neuroendoscopy as an
important option for hydrocephalus treatment in the 1980s,
many studies that aimed to evaluate the relationship of chil-
dren’s age and effectiveness of the ETV and results demon-
strating great heterogenicity have been published [5, 26, 28].
Zaben et al. [27] performed a meta-analysis to study the ef-
fectiveness of ETV in extremely young children and after
applying the inclusion criteria in 629 studies published be-
tween 1990 and 2018 at this regard, included 19 eligible

Table 5 ETV success at 6 months according to previous shunt

Success 1 (%) Failure n (%) P value
Previous shunt 67 (28) 40 (45) 0.002
Sum 229 (73.2) 84 (26.8)
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Table 6 Success of ETV based on the ETVSS

Table7 Mean ETVSS in patients exhibiting successful and failed ETV

Variable Number of cases (%) Six-month success rate

ETVSS (1 = 313)

<40% 71 (22.7) 52.1%
50-70% 152 (48.6) 7%
> 80% 90 (28.7) 83.3%

studies, and found that the success rate ranges from 0% to as
high as 83%, with a mean of 53%, and presented a wide range
of follow-up of 1 week to 106 months, with a mean of 27
months. One of the causes attributed to such discrepancy
was the different success criteria. The higher ETV failure rate
in this population reported in some studies was explained by
Shizuo Oi and Concezio Di Rocco using a novel evolutionary
theory in which they described a minor pathway as a main
CSF circulation in children aged < 6 months in which the CSF
is absorbed by ependyma, choroid plexus, and neuronal cells
instead of arachnoid villi, which is not influenced by ETV
[29]. However, the success was not properly explained in
the current literature. Our study reported an ETV success rate
0f 70% in children aged < 1 year and 56% in children aged < 1
month, which could be considered high and with a 12 months
of follow-up according to the purpose of the study, which was
to define the ETVSS accuracy in this timepoint. In spite of this
impressive success rate initially encouraging us to perform
this approach in children with extremely low age, caution
must be taken before the indication of neuroendoscopy in this
population. Technically, the closer structures in the third ven-
tricle floor carry an additional risk to damage the basilar artery
and oculomotor nerve during ostomy. Additionally, these pa-
tients have increased risk of developing complications, such
hypothermia and acid-basic disturbances during the proce-
dure, mainly at < | month. Herein, the controversies regarding
the indication of neuroendoscopic approach for extremely
low-aged children remain, and further and more strengthened
studies with prospective design, longer follow-up, and more

0.75

Sensibility
o
o
o

0.25 == ROC curve of ETVSS at 6 months (area = 0,660)

— ROC curve of ETVSS at one year (area = 0,668)

0.00

1.00 0.75 0.50 0.25 0.00
Specificity
Fig.2 ROC curve of the ETVSS predicted the actual success at 6 months
and 1 year after ETV. The area under the curve was 0.660 at 6 months and
0.668 at 1 year

Success Failure

Mean SD Mean SD
Six months 0.637 0.181 0.517 0.216
One year 0.648 0.179 0.525 0.209

The values were converted to facilitate the calculation. For example:
0.637 means 60% ETVSS

accurate measurements will be needed to better define the
long-standing ETV effectiveness in this population.

The covariates of etiology of hydrocephalus and previous
shunt placement were also correlated with the overall ETV
success rate. This confirms the hypothesis proposed by
Kulkarni et al. [11] that differences in patient age, cause of
hydrocephalus, and previous shunt status are responsible for
variances in the initial ETV success, as reported in several
studies [1, 22, 30-32]. Aqueductal stenosis and tectal tumors
presented the highest ETV success rate in these previous stud-
ies. Otherwise, we observed an unexpected success rate in
postinfectious patients, suggesting that this etiology does not
completely exclude the indication of ETV, which could pres-
ent other benefits, such as cleaning of the ventricles; more-
over, if the Liliequist membrane is adequately opened and the
naked basilar sign is achieved, this may be an independent
intraoperative success variable [23].

The management of hydrocephalus related to posterior fos-
sa tumors is controversial and can be conducted by shunt
placement, tumor resection plus external ventricular drainage,
tumor resection alone, or ETV before surgery. In the present
study, all patients underwent ETV 3 days before tumor resec-
tion. The rationale was the achievement of better conditions
during tumor resection, treatment of intracranial hypertension
due to hydrocephalus, and avoidance of shunt placement. In
this context, shunt freedom was achieved in 66% of cases.
However, some series have reported success rates of ETV
before posterior fossa tumor resection < 70% [22, 33] and a
similar ETV failure rate [34]. A discrepancy was observed in
the literature, with a tendency toward reporting higher success
rates in more recent series [24, 35-38]. One explanation for
this observation may be the acute onset of hydrocephalus in
tumor cases, according to Oertel et al. [24], who hypothesized
the lower probability of membrane formation, as observed in
chronic cases. Conversely, other authors have advocated that
factors such as midline position of tumors and subtotal tumor
resection are associated with shunt dependence of the posteri-
or fossa tumors [33]. In the present series, we observed a
higher rate of success in the resection of benign tumors, such
as pilocytic astrocytoma (84.2%), compared with malignant
tumors, such as medulloblastomas (50%) and ependymomas
(66.7%). We speculate that malignant tumors and those that
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are more difficult to resect, together with the need of neoad-
juvant therapies, affect CSF absorption and contribute to ETV
failure. The present results confirmed that ETV was an effi-
cient treatment before posterior fossa tumor resection.

Postoperatively, it is common to observe at least some degree
of ventriculomegaly, which should not be considered as ETV
failure. Although ventriculometric data, such as Evans’ index
and frontal and occipital horn ratio, could not be used in this
study, the most significant variable for predicting ETV success
was clinical improvement in patients. Several studies have dem-
onstrated a lack of differences in neurocognitive performance
between patients who underwent shunt or neuroendoscopic
treatment based on ventricular volumetry [39, 40].

The ETVSS underestimated the overall success rate of
ETV at both time points, and the ROC curve analysis demon-
strated an insufficient accuracy level. However, we considered
the cutoff value of 50% to aid the decision-making process of
ETV after 6 and 12 months, because the score maintained its
accuracy and the area under the ROC curve at both time points
was highly similar (Fig. 2). Nevertheless, the accuracy could
decrease if a longer follow-up period is considered. Breimer
et al. [13] evaluated the ETVSS at 6 and 36 months after ETV
and demonstrated higher accuracy in the first 6 months than
that in other studies, with an area under the ROC curve of
0.82, which decreased to 0.73 at the end of 36 months after
ETV (Table 8). Our impression was that the ETVSS com-
bined with the major clinical variables helped neurosurgeons
reach a decision. However, this contention warrants further
evidence of the external validity of the ETVSS. Similarly,
Labidi et al. performed an external validation of the ETVSS
by enrolling a mixed population of 168 patients and using an
ROC curve analysis to test the accuracy of the ETVSS, with
an area under the curve of 0.61 [19], and this finding was
corroborated by Foley et al. [15], who demonstrated the same
accuracy of the ETVSS in another external validation study
conducted on 112 pediatric population of Ireland (Table 8).

Naftel et al. conducted external validation of the ETVSS
using a sample of 151 consecutive pediatric cases. These authors

reported a success rate of 68.4% at 6 months after ETV. They
also reported a similar rate of complications of 9.3% and
highlighted the fact that the ETVSS overestimated the ETV
success in patients with a success prediction < 70% [20].

The reasons for this discrepancy are unclear. However, one
possible explanation is the unexpected success observed in
patients who had previous central nervous system infections.
This population is normally underscored by the ETVSS and
can exhibit variations in ventricular injury after infections.
Perhaps, it would be more adequate to not score cases of
multiloculated hydrocephalus.

Another explanation could be the different proportions ob-
served in the present study for an ETVSS < 40%, as we de-
tected a larger number of patients with a lower ETVSS than
did the prospective study performed by Kulkarni et al.: 71
(22.6%) children had a success prediction rate of 40% and
actual ETV success rate of 52.1% compared with 14 (4.2%)
children with a success prediction rate of 21.4% in the previ-
ous study [23]. Furthermore, in the present study, the high
ETVSS presented with a low failure rate of 16.7% compared
with other studies [11, 30]. Gianaris et al. considered that the
ETV success rate is higher in patients with acute increase in
intracranial pressure [2].

Among the ETVSS variables, age < 1 month, hemorrhage
related to prematurity, and previous shunt exhibited the stron-
gest associations with ETV failure. However, neurosurgeons
should evaluate the advantages and disadvantages of the pro-
cedure before reaching a decision regarding shunt placement.

Our study clearly had some limitations, as it was a retro-
spective study, which could be related to imprecise data and
miscalculation, and lacked blinded reviewers in the assess-
ment of predictive variables. Moreover, the absence of out-
come measurements, such as neurocognitive data, may have
introduced a bias. Regarding the high ETV success rate ob-
served in extremely young children, we strongly recommend
further studies with prospective design and longer follow-up.
Nevertheless, this study corroborated the usefulness of the
ETVSS in clinical practice.

Table 8  Accuracy of the ETVSS in predicting the actual ETV success among studies

Authors and year City and state or country Study design Sample size (1) Area under ROC curve
6 months 12 months 36 months

Kulkarni et al. [11] Multicentric study* P OS 618 0.68 NR NR
Naftel et al. [20] Alabama, EUA R OS 151 0.74 NR NR
Breimer et al. [13] Groningen, Netherlands R OS 104 0.82 NR 0,73
Labidi et al. [19] Québec, Canada R OS 168 0.61 NR NR
Foley et al. [15] Dublin, Ireland R OS 112 0.61 NR NR
Current study 2020 Nova Lima, Brazil R OS 313 0.66 0.67 NR

12 pediatric institutions in Canada, Israel, and the UK. P, prospective; OS, observational study; NR, not recorded
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The ETVSS is a valid score that allowed adequate predic-
tion of ETV success rate even after 6 months of
neuroendoscopic approach in a large Brazilian pediatric pop-
ulation and could be considered as a valuable tool for neuro-
surgery decision-making.
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