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OBJECTIVE The goal of this study was to clarify the long-term outcome of endoscopic third ventriculostomy (ETV) in
pediatric hydrocephalus in light of the ETV Success Score (ETVSS), shunt dependency, and intellectual development.

METHODS The authors retrospectively analyzed pediatric patients with hydrocephalus who underwent ETV between
2002 and 2012 and who were followed for longer than 5 years as a single-center cohort. The data of the patients’

pre- and postoperative status were collected. The relationships between ETVSS and the full-scale 1Q as well as shunt
dependency were analyzed. The usefulness of ETVSS for repeat ETV and the change of radiological parameters of ven-
tricle size before and after ETV were also analyzed. The success of ETV was defined as no requirement for further CSF

diversion procedures.

RESULTS Fifty ETVs were performed in 40 patients. The average ETVSS was 61 and the success rate at 6 months
was 64%. The mean follow-up was 9.9 years (5.2-15.3 years), and the long-term success rate of ETV was 50%. The
Kaplan-Meier survival curve continued to show a statistically significant difference among patients with a low, moderate,
and high ETVSS, even after 6 months (p = 0.002). After 15 months from the initial ETV, no patients required additional
CSF diversion surgery. There was no statistical significance between ETVSS and the long-term full-scale 1Q or shunt
dependency (p = 0.34 and 0.12, respectively). The radiological improvement in ventricle size was not associated with

better future educational outcome.

CONCLUSIONS The ETVSS was correlated with the long-term success rate. After 15 months from the initial ETV, no
patients required an additional CSF diversion procedure. The ETVSS was not considered to be correlated with long-term

intellectual status.
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tive treatment for hydrocephalus (HCP). The ETV

Success Score (ETVSS) is a score used to predict
the probability of ETV success at 6 months from the sur-
gery.l® The ETVSS predicts the short-term success, but
there have been few reports in the literature about the long-
term outcome of ETV, especially after longer than 5 years.
Published studies that have evaluated the relationship be-
tween the ETVSS and educational outcome have also been
scarce. We performed a retrospective analysis to further

ENDOSCOPIC third ventriculostomy (ETV) is an effec-

clarify the long-term effects of ETV for pediatric HCP,
including shunt dependency and intellectual development.

Methods

We analyzed patients who underwent ETV during the
period between 2002 and 2012, and who were followed
for at least 5 years. The exclusion criteria were those who
were 18 years or older or who had choroid plexus coagula-
tion performed in the same sitting, tumor resection within

ABBREVIATIONS ETV = endoscopic third ventriculostomy; ETVSS = ETV Success Score; FOHR = fronto-occipital horn ratio; AFOHR = change of FOHR; FSIQ = full-
scale IQ; HCP = hydrocephalus; mTVW = maximal third ventricle width; AmTVW = change of mTVW.
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TABLE 1. Baseline characteristics of 50 ETV cases in 40 patients

Characteristic No.
Age
0-30 days 1
1-6 mos 10
7-12 mos 16
1-9yrs 17
10-17 yrs 6
Sex (M/F) 23:27
Etiology of HCP
Infection 8
MMC 1
IVH 5
Nontectal tumor 2
Aqueductal stenosis 10
Tectal tumor 9
Others 15
Previous shunt (yes/no) 12:38
ETVSS
0-40 11(22%)
50-70 23 (46%)
80-90 16 (32%)

IVH = intraventricular hemorrhage; MMC = myelomeningocele.
ETVSS subgroups: low, 0-40; moderate, 50-70; high, 80-90.

6 months of ETV, or external ventricular drainage or shunt
revision in the same sitting. We selected these exclusion
criteria to evaluate the pure effect of ETV in the pediatric
age group. We thought that tumor resection, choroid plexus
coagulation, or external ventricular drainage were con-
founding factors for evaluation of the simple effect of ETV.
We retrospectively analyzed patients’ baseline characteris-
tics, the ETVSS, subsequent surgeries due to worsening of
HCP, current status of shunt dependency, and educational
outcome. We defined the success of ETV as no additional
CSF diversion surgeries for worsening of HCP. Based on
the acquired data, we drew Kaplan-Meier curves. We clas-
sified the ETVSS as low (0-40), moderate (50-70), and
high (80-90) and evaluated whether predictability of the
ETVSS continues longer than 6 months. We classified the
ETVSS into 3 subgroups as in previous studies.>!? Kaplan-
Meier curves were drawn for 3 groups of the ETVSS (low,
moderate, and high) and the p value was calculated using
the log-rank test. We used the chi-square test to evaluate
the adequacy of ETVSS for repeat ETV cases.

As for the educational outcome, we evaluated full-scale
1Q (FSIQ) for some patients. For those whose FSIQ was
not available, we dichotomized the patients into those
who went to regular school and those who went to special
school. We classified those with FSIQ of 75 or more as
showing normal intellectual development, because 75 was
the cutoff for percentile. FSIQ was obtained by the Kyoto
Scale of Psychological Development or the Wechsler Intel-
ligence Scale for Children. The collected FSIQ and educa-
tional status were compared to ETVSS to find any statisti-
cal significance by the ANOVA test and chi-square test,
respectively.
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TABLE 2. Success rate of ETV based on the first, second, and
third procedure

% w/ Long-Term % w/ 6-Mo Average

ETV Success (no.) Success (no.) ETVSS
1stop 58 (23/40) 72 (29/40) 63
2nd op 25 (2/8) 38 (3/8) 53
3rd op 0(0/2) 0(0/2) 40
All ops 50 (25/50) 64 (32/50) 61

The overall 6-month success rate is similar to the average ETVSS.

As for the radiological parameters for ventricle size,
the fronto-occipital horn ratio (FOHR) and maximal third
ventricle width (mnMTVW) were calculated for the 3 time
periods of preoperative, postoperative, and latest time.
The change of FOHR (AFOHR) and change of mTVW
(AmMTVW) were calculated to evaluate if there was any
difference between patients with normal intellectual de-
velopment and those without. The Mann-Whitney U-test
was used to analyze the association between radiological
parameters of ventricle size and the current educational
status in those in whom ETVs were successful. The Stu-
dent t-test was used to analyze ETV cases irrespective of
success or failure.

Data analyses were done using procedures as the sam-
ple in drawing Kaplan-Meier curves, evaluating ETVSS
validity in the repeat ETV cases, and evaluating radiologi-
cal parameters. Data analyses were done using patients as
the sample in others. We used a p value of 0.05 as a cutoff
to determine the statistical significance.

Results

Ninety ETVs in 80 patients were performed during
2002 to 2012. Of these, 40 patients with 40 ETVs were ex-
cluded (2 for concurrent choroid plexus coagulation, 3 for
death within 6 months for causes other than HCP, 16 for
concurrent ETV, 18 for tumor resection within 6 months,
and 1 for concurrent shunt revision). We had 1 case (1.1%)
in which we could not fenestrate the third ventricle floor
because it was thick, but this case was excluded for tumor
resection within 6 months of ETV, after which no shunt
was needed. The remaining 50 ETVs in 40 patients were
identified, and the results are classified as low, moderate,
and high scores in Table 1. ETVSS and the actual success
rate are summarized in Table 2. The long-term success
rate was 58% (23/40), 25% (2/8), and 0% (0/2) in the first,
second, and third ETV, respectively. The mean follow-up
period was 9.9 years (range 5.2—-15.3 years). The baseline
characteristics are shown in Table 1. Figure 1 shows Ka-
plan-Meier curves for 3 subgroups of ETVSS; the p value
was 0.002. The 3 curves did not cross each other or get
close during the follow-up. Additional surgeries were per-
formed in 25 cases (50%) in total. Eighteen (36%) ETVs
failed within 6 months and another 7 (14%) failed after 6
months from the most recent ETV. No ETVs failed after
15 months.

As for the status of shunt dependency, 29 of 40 patients
(73%) were shunt free. There was no statistical signifi-
cance between ETVSS and the “final” status of shunt de-
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FIG. 1. Kaplan-Meier curves for resolution of HCP after ETV depending on the 3 subgroups (p = 0.002). Note that 7 cases re-
curred after 6 months but that no HCP recurred after 15 months from previous ETV. Figure is available in color online only.

pendency (p = 0.12). Table 3 shows the shunt status of each
case of ETV performed. As for the educational outcome,
the latest FSIQs were available for 19 patients. The aver-
age FSIQ was 91 (SD 19). The average FSIQs were 83, 88,
and 101 in the low, moderate, and high ETVSS groups, re-
spectively. There were no significant differences in FSIQ
among those 3 groups (p = 0.34). The types of school (reg-
ular or special education) were available for all 40 patients
(Table 4). There were 3 patients whose ETVSS subgroup
changed when repeat ETV was performed (e.g., ETVSS of
70 [moderate group] at the first ETV and 80 [high group]
at the second ETV). We allocated them into the subgroup
of the last ETV. There were no significant differences in
types of education among those 3 groups either (p = 0.48).

For those who underwent multiple ETVs, 8 patients
underwent a second ETV, and 4 of these patients were
shunt free and attending regular school at the final fol-
low-up. On the other hand, 2 patients underwent a third
ETV and turned out to be shunt dependent (one patient
attending regular class, the other one in special classes). In
total, there were 10 repeat ETV cases (Table 2), of which
6-month success was achieved in O of 5, 1 of 3, and 2 of
2 cases in the low, moderate, and high ETVSS subgroups,
respectively. The p value for those proportions of success
and failure was 0.007. When 10 repeat ETV cases were
combined with 40 single ETV cases, the p value for the
proportion of success and failure in each subgroup was
0.0005.

As for the radiological parameters of ventricle size, we
analyzed 24 cases with ETV success and 13 cases with
ETV failure. For those with successful ETVs, there was
no statistical significance between AFOHR and AmTVW
during the preoperative and postoperative time periods
and the latest follow-up (U value of 22-25 according to
the Mann-Whitney U-test, critical value of 14). As for the

TABLE 3. ETVSS and the latest status of shunt dependency

Shunt Independent, Shunt Dependent, Total,

ETVSS n=29 n=11 N =40
0-40 3 (43) 4 (57) 7

50-70 14 (74) 5 (26) 19

80-90 12 (86) 2 (14) 14

p = 0.53 for the comparison. The numbers in parentheses represent the
percentage with each shunt status according to the total for that ETVSS
subgroup.
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educational status, there was no statistical significance in
AFOHR and AmTVW during the 3 time periods (Table
5). The mean time intervals between pre- and postopera-
tive imaging, and between preoperative and latest imaging
were 17 days and 88 months, respectively.

Discussion

Our overall ETV success rate was 50% (58% in the
first ETV), lower than the average ETVSS of 63. However,
ETV success at 6 months was 64%. Because the ETVSS
was originally devised to predict the 6-month outcome, it
was also considered to be valid in our study (Table 2). And
to make our study more externally valid, the overall HCP
resolution curve of Fig. 1 follows a similar curve in a larg-
er study done by Warf et al.’® Our Fig. 1 demonstrates that
ETVSS prediction of the success rate persists even after 6
months. On the other hand, our study showed that ETVSS
did not predict the future status of shunt dependency or
education (Tables 3 and 4). Also, the radiological param-
eters, such as AFOHR and AmTVW, were not associated
with future educational status (Table 5).

ETV Failure

Considering the result that 72% of failures (18/25) oc-
curred within 6 months, ETV failed even after 6 months,
and no HCP recurred after 15 months, we suggest that fol-
low-up should be closely scheduled in the first 6 months,
regularly in the next year, and with longer intervals thereaf-
ter. However, we must be aware that there is a small but real
possibility that ETV could fail even after 10 years.? Mobbs
et al. suggested that placing a CSF reservoir for every ETV

TABLE 4. ETVSS and the long-term postoperative educational
status

ETVSS Regular School Special School Total
0-40 4 (67) 2 (33) 6
50-70* 13.5 (71) 5.5 (29) 19
80-90 13 (87) 2 (13) 15
Total* 30.5 (76) 9.5 (24) 40

p = 0.48 for the comparison. The numbers in parentheses represent the
percentage with each shunt status according to the total for that ETVSS
subgroup.

* One patient was getting both regular and special education, so we assigned
0.5 to both regular and special education groups.
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TABLE 5. Comparison between educational status and the mean
radiological change in patients who went to regular school
versus special school

Regular  Special p Value
Mean Value School ~ School  (Student t-test)
AFOHR (preop to postop) -0.02 -0.05 0.51
AFOHR (preop to latest) -0.11 -0.08 0.39
AmTVW (preop to postop) -4 -2 0.39
AmTVW (preop to latest) -6.7 -3.2 0.23

surgery helps in case a late failure occurs,'* which we prac-
tice, too. Seven patients (18%) benefited from this prac-
tice—we had 7 late failures. Whether ETVSS adequately
predicts the success rate of repeat ETV was evaluated by
Breimer et al., who performed a retrospective analysis us-
ing a Dutch population to conclude the adequacy.? A simi-
lar result was found in our Japanese population, suggesting
the generalizability of the study. Vulcu et al. said that the
shunt history at the time of ETV did not appear to have an
impact on the long-term success of ETV.'® On the other
hand, our study showed the statistical significance of shunt
history on the long-term success of ETV (p =0.0009). This
may be partly due to the difference of ages. The subjects
in the study published by Vulcu et al. were mostly adults
(74%), whereas our cohort consists of a pediatric popula-
tion. Given that the ETVSS was originally devised based
on the data of patients younger than 20 years,!* a different
statistical outcome may result if the subjects were mostly
adults.

ETVSS and Future Shunt Status

As for the status of shunt dependency, more than 70%
of patients were shunt free. Even in the group with a low
ETVSS, the rate of shunt independence was 43% (3/7).
Considering this rate, it may be acceptable to perform
ETYV as a first-line treatment for pediatric HCP. It is coun-
terintuitive that the future shunt status does not follow the
trend of Fig. 1; this may be attributed to the small number
of patients. With more subjects, we may have a statistically
significant result based on the 3 divisions of the ETVSS.

ETVSS and Future Educational Status

Regarding the educational outcome, there was no sta-
tistical significance between ETVSS and the “final” edu-
cational status or the FSIQ (p = 0.48 and 0.34, respective-
ly). Similar to the “final” status of shunt dependency, even
if the ETVSS is low, it is worth proceeding with ETV in
regard to intelligence (Table 5). Although it is true that
those with a low ETVSS will more likely need to undergo
repeat ETV or ventriculoperitoneal shunt placement in the
future, it is worth trying to do at least 1 ETV considering
the fact that there is a meaningful proportion of patients
who have attained normal intelligence in the low ETVSS
subclass. There was no significant difference in the qual-
ity of life or neurocognition between ETV and shunting
in the past studies."!">'7 Hader et al. compared pre- and
post-ETV intelligence scores to find that ETV was helpful
in improving cognition.® Also, several reports in the litera-
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ture suggest that ETV is worth trying before shunting even
in those younger than 6 months.*!5

Radiological Parameters Before and After ETV

Several studies have suggested that the clinical suc-
cess of ETV is not correlated with radiological ventricular
size decrease.>>” Furthermore, Kulkarni et al. found that
large ventricle size after treatment was not correlated with
neurocognitive injury in asymptomatic posttreatment pa-
tients with aqueductal stenosis.” Our result that there was
no statistical significance between educational status and
the change in radiological parameters not only supports
their finding, but also extrapolates that their finding is not
exclusive to patients with aqueductal stenosis. Gianaris et
al. showed 3 factors that may contribute to failure in those
with a high ETVSS: preoperative lethargy, preoperative
radiological finding of transependymal flow, and postop-
erative mTVW.? We evaluated those 3 factors, but none
showed statistical significance (data not shown). That may
be due to the small number of subjects, so further larger
studies might be needed to confirm those factors.

Study Limitations

There were several limitations in our study. First, it was
retrospective and the number of subjects was not large.
This may have led to the insignificant p value as to the
future shunt status. Second, the objective value of intelli-
gence, or FSIQ, was not available in most cases preopera-
tively, and in only approximately half of the postoperative
cases, which may have made it difficult to appreciate the
effect of ETV on the patient’s future intelligence. Taking
these limitations into account, it would be better to ar-
range the prospective studies of the larger sample size by
evaluating the FSIQ in all patients with HCP before and
after performing ETV.

Conclusions

The ETVSS was correlated with the long-term success
rate. After 15 months from the initial ETV, no patients
required an additional CSF diversion procedure. The
ETVSS was not considered to be correlated with long-
term educational status.
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