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Objective : The goal of this study was to analyze the clinical outcomes of endoscopic third ventriculostomy (ETV) and endoscopic
septostomy when shunt malfunction occurs in a patient who has previously undergone placement of a ventriculoperitoneal shunt.

Methods : From 2001 to 2020 at Seoul National University Children's Hospital, patients who underwent ETV or endoscopic
septostomy for shunt malfunction were retrospectively analyzed. Initial diagnosis (etiology of hydrocephalus), age at first shunt
insertion, age at endoscopic procedure, magnetic resonance or computed tomography image, subsequent shunting data, and
follow-up period were included.

Results : Thirty-six patients were included in this retrospective study. Twenty-nine patients, 18 males and 11 females, with shunt
malfunction underwent ETV. At the time of shunting, the age ranged from 1 day to 15.4 years (mean, 2.4 years). The mean age at
the time of ETV was 13.1 years (range, 0.7 to 29.6 years). Nineteen patients remained shunt revision free. The 5-year shunt revision-
free survival rate was 69% (95% confidence interval [Cl], 0.54-0.88). Seven patients, three males and four females, with shunt
malfunction underwent endoscopic septostomy. At the time of shunting, the age ranged from 0.2 to 12 years (mean, 3.9 years).
The mean age at the time of endoscopic septostomy was 11.9 years (range, 0.5 to 29.5 years). Four patients remained free of shunt
revision or addition. The 5-year shunt revision-free survival rate was 57% (95% Cl, 0.3-1.0). There were no complications associated
with the endoscopic procedures.

Conclusion : The results of our study demonstrate that ETV or endoscopic septostomy can be effective and safe in patients with
shunt malfunction.
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INTRODUCTION sert conduits to drain cerebrospinal fluid (CSF) from the
brain and move it to other spaces of the body. Shunting can

Shunting is a surgical method that has long been used to in- lead to rapid improvement of symptoms in most patients but
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requires continuous close attention and care. Infection, ob-
struction or blockage of the shunt device are the biggest prob-
lems. To prevent these device-related problems, endoscopic
procedures can be used instead of shunting. ETV is consid-
ered the treatment of choice for obstructive hydrocephalus. To
do this, surgeons perforate the floor of the third ventricle and
create a communication between the ventricle and the sub-
arachnoid space (interpeduncular cistern). However, there are
some restrictions on surgical indications depending on the age
of the patient, the etiology of hydrocephalus, and the anatom-
ical structure of the brain. Approximately 75% of patients
with good indications (more than 1 year of age, obstructive
hydrocephalus, no previous shunt) reported that hydrocepha-
lus had been resolved. However, the success rate in patients
without good indications is less than 50%'". Nevertheless,
there is a great advantage of using a natural CSF circulation
process without foreign body (shunt device) insertion.

Problems (malfunctions and infections) with existing shunt
devices are usually resolved by shunt revision, but in some
cases, endoscopic procedures can help resolve the problem
and do not require a shunt revision procedure.

The aim of this study was to investigate the success rate and
safety of endoscopic procedures when shunt failure occurred
in patients who had undergone ventriculoperitoneal (VP)

shunt operations.

MATERIALS AND METHODS

The study was performed in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review
Board of Seoul National University Hospital (IRB No. 2101-
126-1190). Patient consent was not required given that this
study only involved a review of the medical record.

This study is a single-center, consecutive, nonrandomized,
retrospective, case series reviewing the electronic medical re-
cords of patients using endoscopic procedures for VP shunt
malfunction at the Seoul National University Children’s Hos-
pital. The study period was 19 years between July 2001 and
May 2020, and a total of 36 patients were identified using cod-
ing for ETV and endoscopic septostomy after VP shunt opera-
tions. Only patients with increased intracranial pressure (ICP)
signs or symptoms were included in this study, and those with

ventriculomegaly only on images were excluded. The Wolf
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rigid ventriculoendoscope system (2.7 mm, 0-degree; Richard
Wolf GmbH, Knittlingen, Germany) was used in the proce-
dures. We have been using a cranial electromagnetic surgical
navigation system (StealthStation® AxiEM™; Medtronic,
Louisville, CO, USA) since 2014. It allows for trajectory plan-
ning to avoid cortical vessel injury and minimize brain paren-
chymal damage.

The data collected included demographic information, pre-
operative assessment (etiology of hydrocephalus, reason for
endoscopic procedure, and previous shunt duration), preoper-
ative imaging, date of surgery, age at surgery, surgical details,
and postoperative follow-up.

Preoperative magnetic resonance imaging (MRI) or com-
puted tomography (CT) scans were performed on all patients
with existing shunt problems. As previously described in the
literature, we measured the anatomical features of the third
ventricle. Third ventricular floor bowing was considered if the
tuber cinereum was 3 mm lower than the reference line drawn
from the optic chiasm to the highest point of the midbrain'”.
If the patient had third ventricular floor bowing, we consid-
ered ETV first. If third ventricular floor bowing was not clear,
cine MR was performed (n=10). ETV was first considered over
shunt revision in patients showing insufficient flow in the aq-
ueduct of Sylvius or fourth ventricle outlet on cine MR.

The indication for endoscopic septostomy was that preop-
erative MRI or CT scans demonstrated isolated ventricular
enlargement. The ipsilateral lateral ventricle containing a
shunt proximal catheter inside which was larger than the op-
posite lateral ventricle, and obstruction of the foramen of
Monro was suspected. When performing septostomy, a burr
hole was made 2-3 cm lateral to the Kocher's point. All pa-
tients who underwent endoscopic septostomy (n=7) had later-
al ventricle isolation, and among them, two patients had mul-
tiple intraventricular septations. They needed additional
fenestration.

Based on the patient’s medical records, the ETV success
score (ETVSS)™ was also analyzed to assess whether ETV suc-
cess was predictable, even in a second procedure for a shunt
problem.

Patients were classified into two groups based on their clini-
cal courses. The ‘success’ result was defined as the resolution
of clinical symptoms and signs of increased ICP or slowing of
head growth rate. A ‘“failure’ result was defined as a lack of im-

provement or the recurrence of clinical symptoms and signs
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of increased ICP or subsequent shunt revision.

Statistical analysis

The Mann-Whitney U test or Fisher’s exact test was used to
compare differences between two independent groups. In ad-
dition, all results were calculated with the standard deviation
and odds ratio (OR) of the 95% confidence interval (CI). The
success rate and shunt revision rate of the endoscopic proce-
dure were measured by the Kaplan-Meier method, and the
difference was compared using the log rank test. Univariate
logistic regression analysis of the endoscopic procedure was
conducted with various factors as independent variables. The
ETVSS was calculated as a continuous value for all patients,
and the risk of failure was evaluated. All statistical analyses
were performed using SPSS ver. 25.0 software (SPSS Inc., Chi-
cago, IL, USA), R (version 3.6.1), and RStudio (version 1.4.1717),

and a p-value <0.05 was considered statistically significant.

RESULTS

Patient characteristics

In this series, there were 36 patients, of which 21 (58%) were
male and 15 (42%) were female. The age at shunt insertion
ranged from 1 day to 15.4 years, with a mean age of 2.3 years.
The mean follow-up duration was 3.0 years (range, 3 days to

18.1 years) after the endoscopic procedure.

ETV

Twenty-nine patients, 18 males and 11 females, with previ-
ous shunt operations underwent ETV (Table 1). At the time of
shunt insertion, the age ranged from 1 day to 15.4 years
(mean, 2.4 years). Twenty-one patients were under 1 year old
when they underwent shunt operation. The mean age at the
time of ETV was 13.1 years (range, 0.7 to 29.6 years). Three pa-
tients less than 1 year of age underwent ETV. The etiology of
hydrocephalus was congenital aqueductal stenosis in seven
cases and aqueductal compression by tumor in nine cases.
Nine patients had suspected malabsorption or obstruction
due to germinal matrix/intraventricular hemorrhage. Tuber-
culosis meningitis occurred in one case, and bacterial menin-
gitis occurred in three cases. Of the 29 patients, four patients
did not have a MRI performed. Twenty-three patients showed

aqueductal flow obstruction, and two patients showed fourth
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ventricle outlet obstruction. Seventeen out of 25 patients were
confirmed to have third ventricular floor bowing (Fig. 1). The
mean of the third ventricular floor bowing was 5.3 mm below
the reference line. Eight of 17 patients with third ventricular
floor bowing failed ETV (success rate, 52.9%). Moreover, three
of eight patients who failed ETV had CSF flow obstruction on
cine MR before surgery. One in eight patients without third

Table 1. Characteristics of patients who were treated with ETV

Value
Patients 29
Sex, M/F 18/11
Age at the shunt insertion (years) 24(0-154)
Age at the ETV (years) 13.1 (0.7-29.6)
Etiology of hydrocephalus
Congenital aqueductal stenosis 7 (24.0)
Tumor-related 9(31.0)
Posthemorrhagic 9(31.0)
Postinfectious 4(14.0)

Values are presented as mean (range) or number (%) unless otherwise
indicated. ETV : endoscopic third ventriculostomy, M : male, F : female

Fig. 1. lllustrative case of a patient who underwent endoscopic third
ventriculostomy. A 23-year-old male who was diagnosed with germinoma
in the pineal gland. Mid-sagittal magnetic resonance imaging shows third
ventricular floor bowing. Reference line (blue) is drawn from the optic
chiasm to the highest point of the midbrain. The arrow (red) indicates the
distance between the reference line and the tuber cinereum.



ventricular floor bowing failed ETV (success rate, 87.5%). All
patients without third ventricular floor bowing but who were
suspected to have CSF flow obstruction on cine MR (Fig. 2)
showed 100% success in ETV. Nineteen patients (65.5%) re-
mained shunt revision free. The 5-year shunt revision-free
survival rate was 69% (95% CI, 0.54—0.88, Fig. 3A). The other

10 patients needed shunt revision.

Endoscopic septostomy

Seven patients, three males and four females, with previous
shunt operations underwent endoscopic septostomy. At the
time of shunt insertion, the age ranged from 0.2 to 12 years
(mean, 3.9 years). Four of the patients were under 1 year old
when they underwent shunt operation. The mean age at the
time of the endoscopic septostomy was 11.9 years (range, 0.5

to 29.5 years). Only one patient less than 1 year of age under-

went an endoscopic septostomy. The etiology of hydrocepha-
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lus was congenital porencephaly in two cases and postopera-
tive hydrocephalus in three cases (two tumor surgeries and
one epilepsy surgery). One patient had suspected malabsorp-
tion or obstruction due to germinal matrix/intraventricular
hemorrhage, and one patient had bacterial meningitis (Table
2). Four patients remained free of shunt revision or addition.
The 5-year shunt revision-free survival rate was 57% (95% ClI,
0.3-1.0; Fig. 3B). The other three patients needed shunt revi-
sion. All three cases of unilateral hydrocephalus at the initial
shunt operation showed symptom improvement after septos-
tomy. Two patients showed evidence of isolated lateral ventri-
cle, one with a trapped trigone area and the other with a
trapped fourth ventricle case. These two patients received en-
doscopic septostomy along with endoscopic fenestration to
create passages for entrapment. None of them needed addi-
tional shunt revision or addition. No complications were asso-

ciated with the endoscopic procedures.
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Fig. 2. lllustrative case of a patient who underwent endoscopic third ventriculostomy. A 15-year-old female who presented with preterm intraventricular
hemorrhage. (A) Magnetic resonance imaging (MRI) shows no third ventricular floor bowing (asterisk). However, sagittal phase-contrast cine MR in diastole
(B) and systole (C) show decreased aqueductal cerebrospinal fluid (CSF) flow, but patent CSF flow passes through premedullary and cerebellomedullary
cistern. (D) Diminished CSF flow velocity at the aqueduct of Sylvius level is measured by phase-contrast MRI.
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Fig. 3. Kaplan-Meier curves showing overall survival. A : Patients with endoscopic third ventriculostomy for shunt malfunction. B : Patients with

septostomy for isolated unilateral hydrocephalus.
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Table 2. Characteristics of patients who were treated with endoscopic septostomy

1 F 12 years 12 years Postoperative (Rt. F pilocytic astrocytoma) Yes Success
2 F 5 months 18 months Postinfectious No Success
3 F 8 years 29 years Congenital (porencephalic cyst) No Failure
4 M 6 years 7 years Postoperative (epilepsy) No Failure
5 F 3 months 26 months Posthemorrhagic Yes Success
6 M 5 months 6 months Postoperative (intraventricular immature teratoma) No Failure
7 M 2 months 27 years Congenital (porencephalic cyst) Yes Success

*Age at the time of shunt insertion. "Age at the time of the endoscopic septostomy. HC : hydrocephalus, Rt. F : right frontal

Table 3. Univariate analysis of various prognostic factors for endoscopic third ventriculostomy failure

Age 099 09910 1.00 0.15
Diagnosis
Congenital aqueductal stenosis 3.56 0.61 t0 20.81 0.16
Tumor-related 0.00 0.00 to Inf 0.99
Posthemorrhagic 375 0.71t0 19.71 0.12
Postinfectious 0.59 0.0510 6.57 0.67
Reason for ETV
Malfunction 0.50 0.03t08.95 0.63
Infection 2.00 0.17 10 35.81
Shunt duration 0.99 0.98 to 1.00 0.07
ETVSS 098 090to 1.06 0.57

*OR >1.0 favors ETV failure. OR : odds ratio, Cl : confidence interval, ETV : endoscopic third ventriculostomy, ETVSS : ETV success score

Table 4. Univariate analysis of various prognostic factors for endoscopic septostomy

Age 1.00 09910 1.01 0.87
Diagnosis
Congenital porencephaly 1.50 0.06 to 40.63 0.81
Postoperative (2 tumors, 1 epilepsy) 6.00 0.22t0 162.53 0.29
Posthemorrhagic 0.00 0.00 to Inf 1.00
Postinfectious 0.00 0.00 to Inf 1.00
Unilateral HC at the shunt insertion 0.17 0.01to4.51 0.28
Shunt duration 1.00 09910 1.01 097

*OR >1.0 favors septostomy failure. OR : odds ratio, Cl : confidence interval, Inf: infinite, HC : hydrocephalus
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Timing of failure

Most endoscopic procedure failures occurred within a
month. Seven patients needed shunt revision immediately af-
ter ET'V. For patients who had a problem within a month, the
mean time to shunt revision was 16 days (range, 3 to 28 days).
Except for one patient, every failure occurred within 3 months.
In the cases of endoscopic septostomy, two patients failed

within a month, and one patient failed within 2 months. They

Table 5. ETVSS for ETV patients

Patient  Agescore Etiology ETVSS Outcome
score
1 40 20 60 Failure
2 40 30 70 Success
3 40 0 40 Success
4 40 30 70 Success
5 40 20 60 Success
6 40 30 70 Success
7 40 0 40 Failure
8 40 30 70 Failure
9 40 30 70 Success
10 40 20 60 Success
11 40 20 60 Failure
12 30 20 50 Failure
13 30 30 60 Failure
14 40 20 60 Success
15 40 0 40 Success
16 40 20 60 Failure
17 40 20 60 Success
18 40 20 60 Success
19 40 20 60 Success
20 30 30 60 Failure
21 40 20 60 Success
22 40 0 40 Success
23 40 20 60 Failure
24 40 20 60 Success
25 40 30 70 Success
26 40 20 60 Success
28 40 20 60 Success
29 40 20 60 Failure

ETVSS is based on age, etiology of hydrocephalus, and presence of a
previous shunt™. All patients in this study underwent shunt surgery, so
the “previous shunt” scores were zero. ETVSS : ETV success score, ETV :
endoscopic third ventriculostomy
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needed shunt revision after an average of 23 days (range, 12 to
44 days). Similar to the ETV results, failure was revealed with-

in a month or 2.

Confounding factors for success

The univariate results are shown in Tables 3 and 4. The
higher the OR was, the higher the probability of shunt revi-
sion. Age at shunt insertion, etiology of hydrocephalus, reason
for ETV, previous shunt duration and ETVSS were analyzed
(Table 5). No significant predictors of procedure success could

be found in our study.

DISCUSSION

The VP shunt malfunction rate reaches 30% in the first year

Table 6. Secondary endoscopic third ventriculostomy outcome data of
published literature

Study No. of patients (I‘E’/I:Ih‘:::lttf?rr::)
Baldaufetal” 30 60
Baskin et al.” 15 66
Bilginer et al.” 45 80
Boschert et al.” 17 82
Brockmeyer et al.” 36 4
Buxton et al.” 883 52
Chanetal” 31 65
Cinalli et al.” 30 77
Duru etal.” 51 70
Hader et al.” 45 80
Hopf etal.” 25 84
Jenkinson et al.” 61 67
Lee etal ™ 19 68
Marton et al.”” 22 64
Melikian and Korshunov® 60 72
Neils et al.”” 20 70
O'Brien et al.”” 63 70
Shaikh et al.*¥ 40 74
Siomin et al.”” 20 65
Teo and Jones™ 55 84
Zhaoetal”” 37 60
Present study 29 66

ETV :endoscopic third ventriculostomy
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of placement and thereafter is approximately 10% per year.
Sainte-Rose et al.”” suggested that 81% of shunts require revi-
sion after 12 years. Foreign body insertion is vulnerable to in-
fection, and shunt infection occurs 5-10% of the time™. In an
effort to reduce these shunt-related complications, the de-
mand for endoscopic surgery has increased.

Treatment with endoscopy is used as an initial treatment in
patients with primary hydrocephalus, but it is also used to re-
place shunts or to avoid multiple shunts in patients with shunt
malfunction or infection. In patients with shunts, the shunt
system can be occluded and develop ventricular dilatation on
the shunted side with suspected but unconfirmed obstruction
of the foramen of Monro. Otherwise, the inflammatory pro-
cess after germinal matrix hemorrhage within the ventricle,
bacterial meningitis, encephalitis, shunt infection, trauma or

intracranial surgery can cause entrapped ventricles.

ETV after VP shunt malfunction

Studies reporting ETV results after VP shunt malfunction
show a success rate of 42—84% (Table 6). The overall pooled
success rate was 68.2%". The reported complication rate was
6.1% (0-15.9%). Studies including adult patients had relatively

233 1n 2009, a multivariate analysis

high ETV success rates
was conducted on 618 children in the UK, Canada, and Israel
to predict the possibility of ETV success™. They reported that
age, etiology, and previous shunt were the most important
factors in predicting ETV success and suggested a way to cal-
culate the success rate through the ETVSS. In our series, all
the patients had previous shunts, and the overall ETVSS var-
ied from 40 to 90, with a mean of 72.4, which is not far from
the real success rate of ETV. Our success rate was 65.5%,
which is similar to the results of other existing studies.

As Marton et al.” reported, age at ETV does not have a sta-
tistically significant effect on ET'V success in our study popu-
lation. Most ETV failures were revealed within the first
month. Seven of 10 patients needed shunt revision immedi-
ately. Except for one patient, all failure results were confirmed
within three months. The mean time to ETV failure was 16
days. Many studies have also reported that failure occurs
within a month*****”. Many authors have reported that a
previous etiology of hydrocephalus affects the success of
ETV"™** However, our data show that regardless of the eti-
ology of hydrocephalus, whether congenital aqueductal steno-

sis, tumor-related, posthemorrhagic, or postinfectious, none
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of them affected the success of ETV. This result may be due to
selective indications of endoscopic procedures when there are
findings that may be suspected to be obstructive hydrocepha-
lus, regardless of the etiology. If there were some indicators,
such as third ventricular floor bowing on MRI or CSF flow
obstruction on cine MR, the hydrocephalus may be consid-
ered an obstructive type. The number of patients in each
group was small; thus, nothing was statistically significant.
Previous shunt duration was not a factor influencing ETV

SUucCcess.

Endoscopic septostomy for ventricular dilatation
on the shunted side

In the present study, we performed endoscopic septostomy
on previously shunted patients with shunt malfunction when
secondary obstruction of the foramen of Monro was suspect-
ed. Patients had an increased lateral ventricle on the side con-
taining the shunt proximal catheter and a relatively normal
contralateral ventricle size. It was obviously caused by shunt
malfunction. However, obstruction of foramen of Monro was
not confirmed.

Unilateral hydrocephalus is a rare form of hydrocephalus. It
mainly develops after intraventricular hemorrhage or menin-
gitis"*"*. In patients with VP shunts, the causes include
shunt infection, shunt overdrainage and damage to the epen-
dymal lining during shunt catheter insertion*"****". However,
in this study, shunt overdrainage can be excluded because the
ipsilateral lateral ventricle containing the shunt catheter inside
was larger than the opposite side of the lateral ventricle. It has
various forms according to the obstruction site in the ventric-
ular system. The traditional treatment of hydrocephalus with
a previous VP shunt malfunction included adding or replac-
ing the shunt""*"**”. However, multiple shunt insertions lead
to higher rates of shunt failure or complication™”. Therefore,
neurosurgeons are trying to reduce the number of initial
shunts and avoid additional shunts as much as possible by in-
troducing endoscopic septostomy. Uncomplicated asymmet-
ric hydrocephalus was successfully cured with endoscopy.
Case series on endoscopic septostomy showed a success rate of

>1%% In the present

53—87% with asymmetric hydrocephalus
study, fenestration of the septum pellucidum with a previous
VP shunt occlusion showed a success rate similar to that re-
ported in the literature. In some literature, success was de-

fined even if there had been multiple endoscopic procedures



on the isolated ventricle. However, in our group, there were
only two cases that were tried several times. We categorized
the two cases as failures because they needed shunt insertion
during the course of treatment. It was difficult to compare
simple success rates because the complexity in the literature
varies from patient to patient, and the etiology of isolated uni-

lateral hydrocephalus was diverse.

Selection of patients

Imaging can be considered at the surgeon’s discretion to as-
sist with surgical planning. A constructive interference in
steady state (CISS) study can clearly illustrate even paper-thin
membranous obstruction within the aqueduct and fourth
ventricle outlet. Since T2-cine MRI gives information on CSF
flow, it is very helpful to perform it when obstruction is sus-
pected. With these imaging techniques, we can also visualize
the third ventricular floor bowing and the thin membranous
structure within the isolated ventricle. When we selected a pa-
tient, clinical findings with a high level of possibility of ETV
or endoscopic septostomy success results were considered. To
perform ETV, we looked at the image and particularly consid-
ered the third ventricular floor bowing. Seventeen out of 25
patients had third ventricular floor bowing. Eight of them
failed ETV, with a success rate of 52.9%, and one in eight pa-
tients without third ventricular floor bowing failed ETV. This
result seemed to show ETV to be more effective in patients
without third ventricular floor bowing. It did not show a sta-
tistically significant relationship. This may be because the tur-
gor of a ventricle decreases after a long duration of shunt, and
despite having obstructive hydrocephalus, the third ventricu-
lar floor bowing may not have been observed. Although we
performed ETV on those who were deemed likely to succeed,
sometimes we failed and had to perform shunt revision. Kim
et al.”” explained a possible mechanism of shunt dependency
as ‘chronic idling. After long-term shunting, CSF absorption
regresses and needs to be shunted. Even if a hole is made suc-
cessfully, it can fail due to shunt dependency; therefore, the
patient and guardian need a sufficient explanation about the
possible problems in advance.

Three of seven patients had unilateral hydrocephalus at the
time of the first shunt operation. All of their symptoms im-
proved through septostomy when malfunction occurred.
Therefore, performing endoscopic septostomy is reasonable

for patients who initially have unilateral hydrocephalus at the
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first shunt insertion.

CONCLUSION

Shunting can cause hardware problems, malfunction, infec-
tion, and overdrainage. Therefore, the endoscopic procedure
should be considered at the time of shunt problems occurring
before the revision of the shunt. Our study demonstrates that
endoscopic procedures in the treatment of hydrocephalus or
isolated unilateral hydrocephalus can be effective and safe
when problems arise in patients who have previously under-
gone a shunt operation. We hope that through our experience
and research, other clinicians will be able to make more in-
formed decisions in treating patients with hydrocephalus who

have VP shunt malfunction.
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