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ABSTRACT

Objective: To compare the clinical outcomes of endoscopic third ventriculostomy (ETV) alone
versus single-stage ETV combined with ventriculoperitoneal (VP) shunt placement in pediatric
obstructive hydrocephalus, and to determine whether the combined approach reduces early
failure in high-risk etiologies without increasing complication rates.

Methods: A retrospective cohort of 59 children treated for obstructive hydrocephalus between
2010 and 2024 was analyzed. Patients underwent either ETV alone (n=26) or single-stage ETV
with VP shunt placement (n=33). Etiology, demographic characteristics, intraoperative findings,
postoperative complications, revision surgeries, and radiological outcomes were systematically
recorded. Treatment success was defined as the absence of additional cerebrospinal fluid
diversion procedures and sustained clinical-radiological stability during follow-up. Early and late
complications, infection rates, and mortality were also evaluated. Statistical analyses included
the Student t-test or Mann-Whitney U test for continuous variables and Fisher exact test for
categorical variables, with significance set at p<0.05.

Results: Aqueductal stenosis was the most common etiology (64.4%), followed by
posthemorrhagic obstruction (16.9%), fourth ventricular outlet obstruction (11.9%), and tumor-
related obstruction (6.8%). Treatment success was significantly higher in the combined ETV+VP
shunt group compared with the ETV-alone group (87.9% vs. 65.4%, p=0.038). Revision surgery
was required in 9 ETV patients (34.6%) and 4 combined-procedure patients (12.1%, p=0.038).
Early infection rates were identical between groups (2 cases each, p=1.000), and late infection
rates did not differ significantly. Overall infection rates (p=0.744) and mortality (4 vs. 3 patients,
p=0.696) were comparable between the two approaches.

Conclusion: In this cohort, single-stage ETV with VP shunt placement was associated with a
higher treatment success rate compared with ETV alone, particularly in infants and children with
posthemorrhagic ventricular obstruction. These findings suggest that the combined strategy may
help address early physiological limitations of ETV and could be considered a safe and promising

option in appropriately selected pediatric patients with obstructive hydrocephalus.
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hydrocephalus, pediatric hydrocephalus, ventriculoperitoneal shunt
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INTRODUCTION

Pediatric obstructive hydrocephalus is a major cause of
morbidity in childhood and typically arises from conditions that
block cerebrospinal fluid (CSF) pathways, such as aqueductal
stenosis, posterior fossa tumors, or fourth ventricular outlet
obstruction [1,2]. Although ventriculoperitoneal (VP) shunt
placement has long been the conventional treatment, shunt-
related complications, including malfunction, infection, and
frequent revision surgeries, remain significant challenges,
particularly in the pediatric population [3,4]. Beyond the clinical
burden, pediatric hydrocephalus also imposes a substantial
long-term economic burden on families and healthcare systems,

especially in resource-limited settings.

Endoscopic third ventriculostomy (ETV) has emerged as a
physiological alternative for non-communicating hydrocephalus
by restoring CSF circulation. While ETV demonstrates high
success rates in older children with aqueductal stenosis, its
effectiveness in infants and in etiologically complex cases is
variable due to differences in ventricular anatomy, cisternal
development, and CSF absorption capacity [5,6,7]. In light of
these limitations, some centers have adopted a single-stage
strategy in which ETV is combined with VP shunt placement
for selected high-risk pediatric patients. This approach may
reduce early ETV failure by providing an immediate secondary
CSF diversion route; however, concerns persist regarding the
potential for unnecessary shunt implantation and the possibility
of increased shunt-related complications [8]. Moreover, direct
comparative studies between ETV alone and single-stage ETV

with shunt placement remain limited, and optimal patient-

Main Points

e Single-stage ETV with VP shunt provides higher
treatment success than ETV alone in pediatric

obstructive hydrocephalus.

e The combined approach is particularly beneficial for
high-risk patients, including infants and those with
posthemorrhagic ventricular obstruction.

e Adding a VP shunt during the same session does not
increase early or late infection rates when performed
under appropriate surgical conditions.

e This

physiological limitations of ETV and offers a safe and

strategy may compensate for the early

reliable alternative in selected patients.
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selection criteria for the combined approach have yet to be
established.

The present study aims to compare the surgical outcomes,
revision rates, and complication profiles of ETV alone versus
single-stage ETV with VP shunt placement in pediatric
obstructive hydrocephalus. We hypothesize that the combined
approach may reduce early treatment failure in high-risk
patients without significantly increasing infection rates or other

shunt-related complications.

MATERIALS AND METHODS

Patient Selection

Patients operated between January 2010 and December 2024
who were diagnosed with obstructive hydrocephalus based on
preoperative magnetic resonance imaging (MRI) or computed
tomography (CT) were included in the study. Exclusion
criteria consisted of communicating hydrocephalus, a history
of VP shunt or ETV performed at an external institution, and
insufficient clinical or radiological follow-up. Hydrocephalus
etiology was classified according to neuroimaging findings and

intraoperative endoscopic observations.

Ethical Approval

This retrospective cohort study included pediatric patients
treated for obstructive hydrocephalus between 2010 and 2024 at
a tertiary neurosurgical center. The study was approved by the
Ethics Committee of Giilhane School of Medicine on 12 June
2025 (Approval No: 2025/112) and was conducted in accordance
with the principles of the Declaration of Helsinki.

Surgical Decision-Making and Operative Technique

The decision between ETV alone and single-stage ETV with
VP shunt placement was based on preoperative neuroimaging
characteristics and intraoperative endoscopic assessment. All
procedures were performed by three experienced pediatric
neurosurgeons following a standardized surgical protocol. ETV
alone was preferred in patients with classic aqueductal stenosis

and favorable third ventricular floor anatomy.

Conversely, single-stage ETV with VP shunt placement was
performed in high-risk infants, particularly those younger than
6 months of age, in patients with posthemorrhagic ventricular
obstruction, or when intraoperative findings demonstrated a
thick or opaque third ventricular floor or inadequate prepontine

cisternal flow.
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ETV was carried out using a rigid pediatric neuroendoscope
(Karl Storz, Tuttlingen, Germany) introduced through a right
frontal burr hole. The third ventricular floor was perforated
with a blunt perforator and the stoma was subsequently dilated
using a Fogarty balloon. In the combined procedure group, a
medium-pressure ventriculoperitoneal shunt system (Christoph
Miethke® paediGAV, Aesculap, Tuttlingen, Germany) was
implanted during the same operative session through a separate

parieto-occipital incision.

Anatomical Considerations

The endoscopic anatomy of the third ventricular floor and the
prepontine cistern constitutes the cornerstone of a safe and
effective ETV procedure. In all patients, critical landmarks
(including the infundibular recess, tuber cinereum, mamillary
bodies,

thickness, and the configuration of the Liliequist membrane)

basilar artery complex, third ventricular floor
were systematically identified prior to fenestration. In Figure
1, the third ventricular floor anatomy is illustrated in detail,
demonstrating the elevated tuber cinereum, the infundibulum,
and the relationship of the stoma to the basilar artery following
blunt perforation and Fogarty balloon dilation. Figure 2
highlights the role of endoscopic assistance during shunt
insertion, showing the position of the catheter relative to the
ventricular walls and thalamus. Figure 3 provides representative
intraoperative appearances in posthemorrhagic hydrocephalus,
characterized by hemorrhagic debris over the infundibulum,
thickened membranes, and the morphological behavior of the
Liliequist membrane within the prepontine cistern. Taken
together, these anatomical observations guided surgical
decision-making, ensured safe stoma creation, and informed the

hybrid strategy used in selected high-risk patients (Figures 1-3).

Data Collection and Outcome Measures

Demographic variables, hydrocephalus etiology, intraoperative
findings, postoperative complications, revision procedures, and
follow-up imaging were systematically recorded. The primary
outcome was treatment success, defined as the absence of any
requirement for additional CSF diversion procedures (such
as revision surgery, secondary shunt implantation, or repeat
endoscopic third ventriculostomy) and the maintenance of both
clinical and radiological stability throughout the follow-up

period.
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Secondary outcomes included early and late postoperative
complications, infection rates, and mortality. Early complications
were defined as those occurring within the first 30 postoperative
days and encompassed infection, CSF leakage, hematoma,
subgaleal fluid collection, early shunt malfunction, or early
closure of the ETV stoma. Late complications were defined as
events arising more than 30 days after surgery, including shunt
obstruction, delayed stoma closure, abdominal pseudocyst
formation, or the development of loculated ventricles. Infections
were classified as shunt infection, meningitis, or ventriculitis
confirmed by clinical, laboratory, or microbiological criteria.
Mortality wasrecorded as any death attributable to hydrocephalus
or its related complications during the follow-up period. In the
combined ETV+VP shunt group, treatment success required
both a functioning shunt system and sustained patency of the

ETV stoma, as assessed clinically and radiologically.

Figure 1A. tc) Elevated tuber cinereum of a patient with

hydrocephalus due to tectal glioma mb) Mamillary body 1B: i)
Infundibulum tc) Tuber cinereum s) The bluntly created stoma
opening into the tuber cinereum in its non-dilated state, and
the previously elevated tuber cinereum appeared depressed
following the onset of cerebrospinal fluid flow through the
stoma ba) Basilar artery mb) Mamillary body 1C: fc) Balloon
dilation performed with a Fogarty catheter 1D: s) Dilated stoma
ba) Basilar artery
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Figure 2A: Endoscope-assisted shunt placement. s) Shunt 2B:
Endoscope-assisted shunt placement. s) Shunt t) Thalamus

Figure 3A: Intraoperative endoscopic view of the third

ventricle floor in a patient with posthemorrhagic hydrocephalus.
i) Infundibulum covered with posthemorrhagic particles tc)
Tuber cinereum ba) Basilar artery mb) Mamillary body p)
Posthemorrhagic particle 3B: fc) Balloon dilation performed
with a Fogarty catheter mb) Mamillary body 3C: s) Stoma mb)
Mamillary body 3D: Intraoperative endoscopic view of the
prepontine cistern following endoscopic third ventriculostomy
¢) Clivus Im) Liliequist membrane ba) Basilar artery

Statistical Analysis

Continuous variables were analyzed using Student’s t-test
or the Mann-Whitney U test depending on data distribution.
Categorical variables were compared using Fisher’s exact test.
Statistical analyses were performed using IBM SPSS Statistics

Kayhan S et al.

version 25 (IBM Corp., Armonk, NY, USA). A p-value < 0.05
was considered statistically significant.

RESULTS

A total of 59 pediatric patients with obstructive hydrocephalus
were included in the study; 26 patients underwent ETV
alone, whereas 33 patients underwent single-stage ETV with
VP shunt placement. There were no significant differences
between the two groups with respect to age, sex distribution,
prematurity, birth weight, or mean duration of follow-up (Table
1). Regarding hydrocephalus etiology, aqueductal stenosis
was the most common cause, identified in 38 patients (64.4%),
followed by posthemorrhagic obstruction in 10 patients (16.9%),
fourth ventricular outlet obstruction in 7 patients (11.9%),
and tumor-related obstruction in 4 patients (6.8%) (Table 2).
Among the tumor-related obstructions (n=4), the pathological
diagnoses were tectal glioma (n=1), ependymoma (n=2), and
medulloblastoma (n=1).

Table 1. Demographic Characteristics

Variable ETV (n=26) ETV+VP Shunt (n=33)
Age (months) 11.2+6.5 10.3+5.9

Sex (F/M) 15/11 12/21
Prematurity 7 (26.9%) 4 (12.1%)

Birth weight (g) 2900+ 710 3020 + 820
Follow-up (months) | 42.2+13.8 44.0+14.3

Table 2. Etiology of Obstructive Hydrocephalus

Etiolo Total ETV ETV+VP Shunt
gy m=59) | (m=26) (0=33)

Aqueductal stenosis 38 (64.4%) 20 18
Post-h hagi

OSICTONRAgIC 10 (16.9%) 2 8
obstruction
Fourth Ventrict.llar 7 (11.9%) 3 4
outlet obstruction
Tumor—r.elated 4.(6.8%) | 3
obstruction

Treatment success was significantly higher in the ETV with VP
shunt group compared with the ETV-alone group (87.9% vs.
65.4%; p = 0.038). The need for revision surgery was observed in
9 patients (34.6%) in the ETV group and in 4 patients (12.1%) in
the combined group (p = 0.038). Early postoperative infections
occurred in two patients in each group, with no significant

difference between them (p = 1.000). Late infections were
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identified in 2 patients in the ETV group and 4 patients in the
ETV+VP shunt group (p = 0.676). Overall infection rates did not
differ significantly between the groups (p = 0.744). Mortality
occurred in 4 patients in the ETV group and 3 patients in the
combined group, a difference that was not statistically significant
(p=10.696) (Table 3).

Table 3. Clinical Outcomes

Outcome ETV (n=26) ETV;-I\;I;?’S)hunt p-value
Success 17 (65.4%) 29 (87.9%) 0.038
Failure / Revision 9 (34.6%) 4 (12.1%) 0.038
Early infection 2 2 1.000
Late infection 2 4 0.676
Total infection 4 (15.3%) 6 (18.1%) 0.744
Mortality 4 3 0.696

DISCUSSION

Pediatric hydrocephalus is a condition associated not only with
substantial neurological morbidity but also with a significant
economic burden on healthcare systems. Simon et al. [9] reported
that children with hydrocephalus account for more than 40,000
hospital days annually inthe United States (U.S.), representing one
of the highest healthcare utilizations in pediatric neurosurgery.
Similarly, Patwardhan and Nanda demonstrated that VP shunt
surgery (including revisions and repeated hospital encounters)
imposes an annual expenditure exceeding one billion dollars on
the U.S. healthcare system. Consequently, evaluating surgical
strategies that can reduce shunt dependency or lower early failure
rates carries major clinical and economic importance. Beyond
high-resource settings, the burden of pediatric hydrocephalus
is even more pronounced in low- and middle-income countries,
where limited access to neuroendoscopic equipment, shunt
hardware, perioperative imaging, and trained personnel poses
additional challenges. Delays in diagnosis, constrained follow-
up infrastructure, and higher postoperative infection rates
further complicate management, underscoring the global need
for treatment strategies that are both effective and adaptable

across diverse healthcare environments [10].

The principal finding of this study is that single-stage ETV+VP
shunt provides significantly higher treatment success than ETV
alone (87.9% vs. 65.4%; p = 0.038) in pediatric obstructive
hydrocephalus. This difference was particularly pronounced
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in high-risk cohorts, including infants and those with
posthemorrhagic ventricular obstruction. These patterns closely
mirror the well-established dependency of ETV outcomes on

patient age and underlying etiology.

The
(ETVSS), the most extensively validated predictive model

Endoscopic Third Ventriculostomy Success Score
to date, consistently demonstrates this relationship: older
children with aqueductal stenosis exhibit the highest expected
success, whereas infants under 12 months and patients with
posthemorrhagic hydrocephalus (PHH) have markedly reduced
predicted success probabilities [11]. In fact, both Kulkarni et al.
[11] and Naftel et al. [12] show that low-ETVSS categories (e.g.,
<70) substantially underestimate real-world durability, and that
the presence of posthemorrhagic etiology or extreme early age
sharply increases failure risk. Accordingly, the higher revision
rate observed in our ETV-only cohort aligns exactly with these
prediction models and reflects the intrinsic biological and
anatomical limitations of ETV in such populations-particularly
limited cisternal arachnoidal

compliance, inflammatory

adhesions, and susceptibility to early stoma closure.

Long-term outcome data further underscore the critical
influence of both age and etiology on the reliability of ETV.
In their landmark analysis, Kadrian et al. [13] demonstrated
that ETV durability is markedly limited in infants younger
than 6 months, whereas children older than two years achieve
substantially higher long-term success, with patency rates
exceeding 80% in several subgroups. This age-dependent
gradient has since been consistently reaffirmed across later
series. Similarly, in a comprehensive long-term study, Vulcu et
al. [14] showed that ETV maintains its patency most robustly
in older children and in cases of benign aqueductal stenosis,
while outcomes are notably less favorable in posthemorrhagic or
infection-related hydrocephalus. Their findings emphasize that
etiology-driven cisternal distortion and inflammatory scarring
(particularly within the prepontine cistern) play a decisive role
in long-term stoma function. These observations are consistent
with the recent systematic review and meta-analysis by Minta
et al., [15] who evaluated long-term outcomes of both ETV and
ventriculoperitoneal shunt treatment in pediatric hydrocephalus.
Their analysis demonstrated that while ETV offers favorable
durability in older children with aqueductal stenosis, its long-
term success remains substantially lower in infants and in
posthemorrhagic etiologies, reinforcing the strong age- and

etiology-dependent nature of ETV outcomes. Taken together,
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these data support the notion that the high success rate observed
in our combined ETV+VP shunt cohort (even among younger or
clinically high-risk patients) may reflect the ability of the shunt to
buffer the early physiological vulnerabilities of ETV, stabilizing
CSF dynamics during the critical postoperative period when the
stoma remains most susceptible to functional compromise. This
compensatory mechanism is especially relevant in infants and
in posthemorrhagic hydrocephalus, where cisternal maturation

and CSF absorption pathways are inherently limited.

The pathophysiological mechanisms underlying ETV failure in
PHH have been well characterized in prior studies. Schulz et
al. [16] demonstrated that intraventricular blood products, fibrin
deposition, and inflammatory narrowing of the prepontine cistern
significantly impair CSF flow, thereby limiting the physiological
effectiveness of ETV in premature neonates. Similarly, in a
large cohort of 215 infants, Marano et al. [17] reported that
fibrotic bands and membranous adhesions at the cisternal level
predispose the ETV stoma to recurrent obstruction, resulting in
reduced long-term durability. The higher revision rate observed
in our ETV-only cohort is consistent with these mechanistic
findings and reinforces the inherent limitations of ETV in

hemorrhagic or inflammatory obstructive etiologies.

In this context, single-stage ETV+VP shunt emerges as a
rational and physiologically complementary strategy for high-
risk pediatric patients. When the ETV stoma fails to generate
adequate CSF diversion in the early postoperative period
(whether due to limited cisternal compliance, inflammatory
narrowing, or a suboptimal pressure gradient), the concurrently
placed VP shunt can provide an immediate auxiliary outflow
pathway, thereby buffering intraventricular pressure fluctuations
and preventing early neurological deterioration. Shim et al.
demonstrated that simultaneous ETV and shunt placement in
infants with severe hydrocephalus significantly reduced early
failure rates compared with ETV alone, supporting the concept
that combined diversion can stabilize CSF dynamics during the

vulnerable early phase after surgery [18].

Meta-analytic evidence further shows that while ETV is
associated with a generally lower procedural infection risk
compared with shunt placement, mortality, CSF leakage, and
overall complication profiles are broadly comparable between
the two approaches [19]. Within this context, the comparable
early and late infection rates observed in our cohort reinforce

the notion that adding a VP shunt during the same session
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does not confer an additional infection risk when meticulous
perioperative technique is applied. Likewise, the absence of
significant differences in mortality between groups aligns with
established data on the overall safety of both procedures when

performed in specialized centers.

From a clinical decision-making perspective, our findings
suggest that single-stage ET V+VP shunt should be systematically
considered in high-risk subgroups (particularly infants younger
than 12 months and those with posthemorrhagic ventricular
obstruction) in whom early ETV failure has been consistently
documented across multiple studies. Traditional treatment
paradigms have often favored primary shunting in these
populations; however, our results indicate that the combined
strategy effectively preserves the physiological advantages of
ETV while mitigating early stoma failure through the pressure-
stabilizing effect of the shunt. This hybrid approach therefore fits
well within emerging risk-stratified, individualized management

algorithms for complex obstructive hydrocephalus.

Overall, our data indicate that, when applied to appropriately
selected patients, single-stage ETV+VP shunt provides a
more reliable early outcome profile than ETV alone for high-
risk pediatric obstructive hydrocephalus. By addressing the
limitations of ETV in the early postoperative period and
supporting CSF homeostasis, the combined procedure may
meaningfully improve clinical outcomes in this particularly

vulnerable population.

Limitations

This study has several limitations that should be considered when
interpreting the findings. First, its retrospective design inherently
introduces selection bias, as the choice between ETV alone and
single-stage ETV with VP shunt was based on clinical judgment
rather than randomization. The sample size was relatively small,
particularly within certain etiological subgroups, which limits
the statistical power of subgroup analyses. Although cine phase-
contrast MRI for assessing CSF flow dynamics is available
at our institution, it is not routinely performed in pediatric
patients and therefore was not included in this dataset; thus,
physiological flow assessment relied solely on routine clinical
and radiological criteria. This represents a limitation, especially
in terms of physiologically evaluating stoma patency following
ETV. Furthermore, long-term neurocognitive outcomes were not
systematically assessed, restricting the evaluation of treatment

success to clinical and radiological parameters alone. These
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limitations highlight the need for future prospective, multicenter
studies with larger cohorts and comprehensive functional
outcome assessments. Additionally, as a single-center study
conducted at a tertiary referral institution, the generalizability

of our findings to different healthcare settings may be limited.

CONCLUSION

In this retrospective cohort, single-stage ETV with VP shunt
placement was associated with higher treatment success
compared with ETV alone, particularly in infants and children
with posthemorrhagic ventricular obstruction. These findings
suggest that the combined approach may help mitigate early
physiological limitations of ETV and could represent a safe and
promising treatment option in appropriately selected pediatric

patients with obstructive hydrocephalus.
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