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Abstract
Purpose In our series of endoscopic third ventriculostomy
(ETV), we sought to establish the relationship between the
preoperative prediction using the Endoscopic Third Ventri-
culostomy Success Score (ETVSS) and the postsurgical
success rate.
Materials and methods This descriptive analytical study
comprised 50 pediatric patients who underwent 58 ETV
procedures between 2003 and 2011. Data regarding clinical,
surgical, and radiological findings were obtained from a
continuously updated database. For each patient, we calcu-
lated the ETVSS, based on the patient’s age, hydrocephalus
etiology, and presence of a previous shunt. We considered

success to be an established or improved clinical state and at
least one of the following radiological criteria: (a) reduction
in ventricular size or stable ventricles with disappearance of
periventricular edema and increased subarachnoid space
over cerebral convexities, (b) flow artifact in sagittal
T2FSE MR, or (c) bidirectional flow signal in 2D-CPC
MR. Statistical significance was set at p<0.05. Six months
was the minimum postoperative follow-up required.
Results The ETV was successful in 29 patients (58 %).
Patients aged over 1 year achieved the best results (p<0.019).
For those who underwent successful ETV, the mean ETVSS
was 71.03 (95%CI, 66.23–75.84). In those for whom the ETV
was not successful, the mean ETVSS was 60 (95 % CI, 53.09–
66.90); (p<0.007).
Conclusions The success of ETV in our series could have
been predicted by ETVSS. Predictability could help estab-
lish stricter surgical selection criteria, thereby obtaining
higher success rates, as well as preparing the patients and
their families for expected outcomes.

Keywords Hydrocephalus . Endoscopy . Third
ventriculostomy . Pediatric neurosurgery

Introduction

Endoscopic third ventriculostomy (ETV) is an established
treatment for hydrocephalus and is currently the procedure
of choice for treatment of non-communicating hydrocepha-
lus [9, 11, 13, 36]. However, controversy exists over which
patients are appropriate candidates for the procedure [20,
23], and the selection of candidates for ETV affects its
overall success rate [5, 11, 26].
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Different systems for predicting results have been devel-
oped, among which is the Endoscopic Third Ventriculos-
tomy Success Score (ETVSS), which is based on age,
etiology of the hydrocephalus, and the presence of a previ-
ous shunt [24]. The varying results for neuroendoscopy may
also be explained by the different postoperative criteria used
to evaluate success [5, 26]. We recently proposed a system
for classifying success grades for neuroendoscopic proce-
dures to assess the type of success depending on clinical and
radiological data [35]. The purpose of this study was to
determine whether there existed a relation between the pre-
operative ETVSS prediction and the postsurgical success
rate in our series of ETV.

Materials and methods

Between July 2003 and July 2011, 50 pediatric patients
underwent 58 ETV procedures at the Pediatric Neurosurgery
Service, Carlos Haya University Hospital, Málaga, Spain.
All the surgical procedures were performed under general
anesthesia by the same neurosurgical team. The ETVs were
performed through a standard frontal burr hole with a rigid
endoscope, inserting it into the lateral ventricle and entering
the foramen of Monro. Mammillary bodies, the infundibular

recess, the thalamostriate and septal veins, and the choroid
plexus were identified in the floor of the third ventricle. The
fenestration site was the floor of the third ventricle, halfway
between the mammillary bodies and the infundibular recess,
enlarged by using a 3- or 4-F Fogarty catheter. Fenestration
of the Liliequist membrane, when present, was ensured with
the aid of the Fogarty catheter.

Data regarding the age, sex, age at ETV, etiology of the
hydrocephalus, previous shunt and shunt infection, admis-
sion symptoms, and surgical procedures performed were
retrospectively reviewed. Table 1 shows the characteristics
of the 50 patients.

The clinical symptoms were classified in two categories
according to the time of development: acute and subacute
symptoms (lasting less than 1 month), e.g., headache, nau-
sea, and vomiting, and chronic symptoms (lasting more than
1 month), e.g., headache, progressive head enlargement,
scoliosis, and gait or sphincter disturbances. Of the 50
patients, 25 had previously received a shunt, six of whom
had a shunt infection. Table 2 shows the ETV procedure
performed, either alone in 36 patients or plus another endo-
scopic maneuver in 14 patients. The seven surgical compli-
cations experienced were one pontine infarct followed by
mild hemiparesis, two subdural hygromas, one unilateral
third cranial nerve palsy, and three cerebrospinal fluid

Table 1 Patient characteristics
Variable Total (frequency) Percentage

Number of patients 50 100

Mean age at procedure (interval) 5 years 10 months (1 m–14.5 years)

1 to <6 months 5 10

6 months to <1 year 9 18

1 to <10 years 20 40

≥10 years 16 32

Gender (male/female) 31/19 62/38

Cause of hydrocephalus

Tumor hydrocephalus 10 20

Aqueductal stenosis 11 22

Arachnoid cyst 7 15

Myelomeningocele 6 12

Posthemorrhagic hydrocephalus 8 16

Postinfectious hydrocephalus 3 6

Slit ventricle syndrome 3 6

Foramen of Monro stenosis 1 2

Dandy–Walker syndrome 1 2

Clinical presentation

Acute/subacute 20 40

Chronic 30 60

Previous shunt

Yes/shunt infection 25/6 50/24

No 25 50
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(CSF) fistula followed by meningitis. No mortality was seen
following ETV.

For each patient in the cohort, we calculated the ETVSS
[24] retrospectively, based on the patient’s age, etiology of
the hydrocephalus, and the presence of a previous shunt.
Success was considered to be the same or an improved
clinical status as compared with the baseline preoperative
status, plus at least one of the following radiological criteria
[35]: (a) reduction in ventricular size or stable ventricles
with disappearance of periventricular edema and increased
subarachnoid space over cerebral convexities, (b) flow arti-
fact in sagittal T2FSE MR, or (c) bidirectional flow signal in
2D-CPC MR. The minimum postoperative follow-up re-
quired was 6 months. Failure could be established immedi-
ately, with no requirement for any follow-up time.

The ETV success rate was related to age, sex, etiology,
previous shunt, shunt infection, and number of maneuvers in
each endoscopic procedure. We also examined whether the
ETV success rate was predictable by the ETVSS. Lastly, we
analyzed the relation between success and the learning
curve, comparing the success rate in the first 4 years
(2003–2007) with the success rate in the second 4 years
(2007–2011).

In eight cases, a repeat ETV procedure was registered
after a failure of the first ETV and the results were analyzed
separately. No surgical complications were recorded in these
eight repeat procedures.

The statistical analysis was performed using SPSS for
Windows. The variables were subjected to a descriptive and

comparative analysis through the Chi-square test for quali-
tative variables, the Student’s t test for quantitative and
qualitative variables, and nonparametric Spearman’s rank
correlation for quantitative variables. Statistical significance
was set at p<0.05.

Results

Endoscopic third ventriculostomy was successful in 29 of
the 50 patients (58 %), with a mean follow-up of
33.92 months (range 6–92). Age was the only factor statis-
tically related to a successful ETV. After distributing the
patients in five ETVSS age groups (<1 month; 1 to
<6 months; 6 months to <1 year; 1 to <10 years, and 10 or
more years), we found that success was associated with an
age of over 1 year (p<0.019). No success was achieved in
any of the five patients who were younger than 6 months (all
failures).

The highest success rates were achieved in those cases of
hydrocephalus caused by arachnoid cysts (85.7 %) or
tumors (70 %) and the lowest in patients with slit ventricle
syndrome (33 %). The success rate for nontumor aqueductal
stenosis was 45.5 %. A previous shunt and shunt infection
were not significantly correlated with success. The success
rate for those with acute/subacute symptoms on admission
was 60.0 %, and for those with chronic hydrocephalus, it
was 53.3 % (p, not significant). The success rate of ETV
when it was the sole surgical maneuver was 62.9 %, and that
of ETV plus another maneuver was 46.7 % (p00.08); the
lack of significance is probably because of the small sample,
as the contingency table described a relation of success in
>50 % of the ETV and in <50 % of the ETV plus another
maneuver (Table 3).

For the group that experienced success, the mean ETVSS
prior to surgery was 71.03, variance (σ ) 12.63 (95 % CI,
66.23–75.84). The mean ETVSS in the group that did not
experience success was 60, variance (σ ) 15.16 (95 % CI,
53.09–66.90). The confidence intervals hardly overlapped,
and the result was a significant correlation (p<0.007) (Fig. 2).

The ETVSS for the patients during the first period (2003–
2007) was 62.8 (SD, 16.46) and that of the second period
(2003–2007) was 70.0 (SD, 11.9), probably indicating a
modification in stricter inclusion criteria with time. In the

Table 2 Surgical procedures

Maneuvers No. of procedures Percentage
First procedures 50 100

ETV 36 72

ETV + EB 5 10

ETV + VC 3 6

ETV + SPT 2 4

ETV + FVO 1 2

ETV + VC + SPT 2 4

ETV + SPT + ECR 1 2

ETV endoscopic third ventriculostomy, EB endoscopic biopsy, VC
ventriculocystostomy, SPT septostomy, FVO fourth ventricle opening,
ECR endoscopic catheter removal

Table 3 Contingency table
showing a relation of success in
>50 % of the ETV and <50 % of
the ETV plus another maneuver

ETV Total

Success Failure

ETV only 22 (62.9 %) 13 (37.1 %) 35 (100 %)

ETV + another maneuver 7 (46.7 %) 8 (53.3 %) 15 (100 %)

Total 29 (58.0 %) 21 (42.0 %) 50 (100 %)
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first period, the success rate for ETV was 12 patients (48 %),
and in the second period (2007–2011), it rose to 17 patients
(68 %), (p00.08).

A repeat ETV was performed after an initially unsuccess-
ful procedure in eight patients. The follow-up period after
endoscopy in these patients ranged between 13 and
62 months (mean 35.5 months). In these repeat procedures,
ETV alone was performed in six patients, while in two, it
was combined with another maneuver (ETV + septostomy +
fourth ventricle opening in one patient, and in the other ETV
+ neuroendoscopic foraminal plasty of Monro). The mean
ETVSS in these eight patients before the repeat ETV was
70. The repeat ETV was successful in seven of the eight. No
complications were recorded in these eight repeat proce-
dures. No statistical analysis could be performed in this
group due to the small number of patients.

Discussion

Endoscopic third ventricle ventriculostomy is a minimally
invasive procedure that has been used routinely in our
department since 2003. It is an established treatment for
hydrocephalus, especially since there is no need to place a
foreign body such as a ventricular shunt, with its associated
possibility of shunt malfunction and/or shunt overdrainage
[29, 34]. Controversy persists over the selection of candi-
dates for ETV, which affects the overall success rate of the
procedure [9, 11, 23, 31]. Our success rate (58 %) was in
line with overall success rates reported, such as about 56 %
by Gangemi [17], 59 % by Kulkarni [25], and 78 % by
Kadrian [20]. Nevertheless, low complication rates have
also been described [13].

It is important to define the success of ETV from both the
clinical and the radiological viewpoints [2, 6, 15, 18, 35]. A
basic classification of degrees of success, such as that proposed
in our previous work [35], has been suggested before [22],
with the emergent need of a common classification to predict
and evaluate success to improve neurosurgical practice.

Some efforts have been developed to predict success, and
a predicting score has been proposed based on age, etiology,
and a previous shunt [24]. Age seems to be the main factor
influencing outcome in pediatric patients undergoing an
ETV, with younger patients having a poorer success rate,
though the minimum age to attempt ETV is still questioned.
The age limitation in previous studies has become gradually
lower, from 2 years [16] down to 6 months [14], given the
effectiveness of this procedure and the importance of shunt
independency. ETV had a significantly worse outcome as a
function of age [18, 19, 23, 31], with younger, particularly
neonate patients faring worse (Fig. 1) [11, 20, 30, 37].

These worse outcomes in younger patients have been
associated with the physiology of CSF, along with the

maturation of the subarachnoid space [21, 33], and with
the developmental process of the major CSF pathway during
infancy after the neonatal period [33]. Ventriculoperitoneal
shunting is a favorable option in the age group under
6 months, rather than ETV [27], postponing ETV for older
patients when success is more likely [10]. Nevertheless,
ETV can still be considered as an alternative to shunt
revision for cases previously shunted in the first year of life
and that present malfunction [3, 7, 19]. Other authors have
reported success rates of 34.8 % [32] or 67 % for ETV in

Fig. 1 Bar graph showing the correlation between the age and the
success rate

Fig. 2 Crosstab for the variables ETVSS and ETV success/failure rate
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neonates under 6 months of age [14], concluding that the
factor influencing success was the specific etiology of the
hydrocephalus [4, 6, 14]. According to our results, we
cannot recommend ETVas a first choice for treatment under
1 year of age. As our figures show, no success was achieved
in patients younger than 6 months (Fig. 1), with patients
aged over 1 year achieving the best results (p<0.019).

The etiology also influences ETV success; in fact, the
highest success rates were achieved in cases of hydroceph-
alus caused by arachnoid cysts (85.7 %) or tumors (70 %)
and the lowest in slit ventricle syndrome (33 %) [34]. The
success rate for nontumor aqueductal stenosis in our series
was 45.5 %, which is lower than the 60–94 % in other
reports [20, 30], probably because 50 % of the children in
our series were under 1 year of age. A previous shunt has
been related with better outcomes after ETV [36], but not all
authors agree [24]. We did not find that any particular
etiology or the coexistence of a previous shunt worsened
the prognosis significantly.

Although the ETVSS was initially designed to predict
success rates in ETV procedures performed in acute hydro-
cephalus, we have applied this score in both acute/subacute
and chronic hydrocephalus, due to nonsignificant differen-
ces regarding success. In addition, we were unable to dem-
onstrate that a second maneuver, such as a tumor biopsy,
worsens the probability of success in ETV (p>0.05). How-
ever, there may be a bias here as our study had a limited
number of patients, and the results could become significant
by increasing the sample size. Nonetheless, a second ma-
neuver would entail a more complex underlying pathology,
which could also worsen the prognosis for the outcome in
these patients (Fig. 2) [1, 8].

We found a significant correlation (p<0.007) between the
predicted success score and postoperative success, not just
in acute/subacute hydrocephalus, but also in chronic hydro-
cephalus. Similar results were reported in recent validation
studies for this success score, which suggest the ability of
ETVSS to discriminate failure from success [12, 25, 28]. We
also noted a significantly increased success with an in-
creased ETVSS, with the scale showing most reliability
above 66.23 (or in percentage terms, 73.58 %), a similar
situation to that reported by others, who suggest that success
prediction with ETVSS ≤70 is overestimated [28].

Our results have changed over time. In the first period
(2003–2007), the success rate in ETVs was 48 %, and in the
second period (2007–2011), it rose to 68 %. Though the
difference was not significant (p00.08), it was nevertheless
notable and probably related to the stricter inclusion criteria
for these patients (e.g., not including any patient <6 months
of age in the second period).

A success rate of 87 % was obtained in the patients who
underwent a second ventriculostomy. No worthwhile statis-
tical analysis could be done due to the limited sample size,

and we recommend further studies related to the results in
repeat ETV.

The low morbidity associated with ETV balanced against
the lifetime risk of ventriculoperitoneal shunting remains a
convincing argument in favor of a trial of ETV in pediatric
patients over 1 year of age. Even so, the results to date offer
rates of success and morbidity that could be introduced into
the informed consent process [10].

Conclusion

We highlight the importance of the prediction of success. Better
results are obtained performing ETV procedures in selected
patients. In a significant percentage of cases (p<0.007), ETV
was successful in those patients with a higher ETVSS, with
most reliability being found in those with an ETVSS of 66.23
or over, and in children older than 1 year of age (p<0.019).
These findings could also help prepare the patients and their
families for expected outcomes.
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