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Abstract

Purpose To evaluate the outcomes of endoscopic third ventriculostomy (ETV) and ventriculoperitoneal shunt (VPS) in the
treatment of paediatric hydrocephalus.

Methods We searched PubMed, MEDLINE, and Cochrane Central Register of Controlled Trials databases for articles
published from 2000 to May 2023 (last search date May 6, 2023). Keywords searched included “endoscopic third ven-
triculostomy”, “ventriculoperitoneal shunting”, “paediatric population”, and “outcomes”. Using random-effects models, we
compared success rates and complications of ETV and VPS. The primary outcome was ETV vs.VPS success rates, and the
secondary outcome was post-treatment complications. Included studies reported on treatment success and complication rates.
Results Out of 126 articles, 8 RCTs and 1 prospective study were included. Six studies reported primary outcome data (806
patients identified: 464 in ETV group, 342 in VPS group). Combined success rates were 81.8% (n=283/346) for ETV and
86.7% (n=182/210) for VPS (median follow-up 41 months). There was no difference in success rates between ETV and
VPS groups (risk ratio 0.84, 95% confidence interval 0.80-0.90, I =0%, p=0.93). Combined complication rates were 4.6%
(n=16/346) in the ETV group and 27.1% (n=57/210) in the VPS group. ETV had a lower rate of postoperative complica-
tions (risk ratio 0.76, 95% confidence interval 0.42-1.38, P=53%, p=0.04).

Conclusions Both ETV and VPS are viable surgical options for the management of paediatric hydrocephalus with similar
success rates when used as first-line treatment. However, our study concluded that VPS results in a higher complication rate.
Registration This systematic review and meta-analysis was formally registered in the PROSPERO International database
under the registration number CRD42023452907 on the 29" of August 2023.
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a congenital brain malformation or after sustaining a neu-
rological insult for instance bleeding or infection [1]. In
the case of hydrocephalus occurring after a complication
for instance haemorrhage, neoplasm, or infection, then it
is referred to as secondary hydrocephalus. Unfortunately,
hydrocephalus is a major cause of mortality and morbidity
in a paediatric population accounting for 100,000-200,000
new cases each year in sub-Saharan Africa [2, 3].

Two commonly employed surgical procedures for the
treatment of paediatric hydrocephalus are endoscopic third
ventriculostomy (ETV) and ventriculoperitoneal shunt
(VPS). Shunts are mechanical devices which are associated
with numerous complications for instance obstruction, fail-
ure, or infection. Unfortunately, there is an increased risk of
mortality related to delayed recognition of shunt malfunction
[4]. This study evaluated two key outcomes that are success
rate and postoperative complications. The first metric of
“success rate” which is defined as the percentage of patient
cases in which a shunt used to treat hydrocephalus remains
functional and does not require revision or replacement at
1-year time due to complications such as shunt malfunction,
infection, or blockage. Further, another metric used in this
study was complication rates post-surgery which refers to
the number of patients who experience adverse events or
issues following the surgical procedure. The postoperative
complications delineated in this study and pooled in the final
analysis included infections, seizures, CSF leak, and sub-
dural haematomas [4].

ETV involves creating an artificial communication
between the floor of the third ventricle and the subarachnoid
space, allowing for the diversion of CSF and the restoration
of normal intracranial pressure. This approach mitigates the
risk of infection associated with hardware or shunt mal-
function particularly in developing countries. Conversely,
VPS involves the placement of a catheter into the ventricles,
which then drains the excess CSF into the peritoneal cavity.
Both procedures aim to alleviate the symptoms associated
with hydrocephalus and improve the patient’s quality of life
[S].

The choice between ETV and VPS is influenced by
several factors, including the aetiology of hydrocepha-
lus, patient age, anatomical considerations, and surgeon
expertise [6]. Both procedures have shown promising
results in individual studies, yet considerable debate per-
sists regarding their comparative effectiveness and safety
in paediatric patients [7].

Objectives
The primary objective of this study was to evaluate the out-
comes of endoscopic third ventriculostomy and ventricu-

loperitoneal shunt as a treatment of choice for paediatric
population hydrocephalus. The secondary objective of this
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systematic review and meta-analysis was to characterise the
scope and the quality of the current literature on hydroceph-
alus in paediatric population. Any other forms of surgery
such as choroid plexus cauterization (CPC) was not included
due to limited amount of literature.

Methodology
Electronic literature search

This systematic review and meta-analysis has been con-
ducted in line with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines
as demonstrated in Fig. 1. This systematic review and meta-
analysis have been registered prospectively in the interna-
tional register PROSPERO under the registration number
CRD42023452907.

Database and search strategy

PubMed, MEDLINE, and Cochrane Central Register of
Controlled Trials databases were screened from April 3,
2023, until May 22, 2023. The search strategy was based on
the utilisation of MeSH (Medical Subject Headings) term
and each keyword search of each database was conducted
based on the Boolean operators AND and OR. The searched
keywords utilised in the article screening process included

LEINNT3

the following: “endoscopic third ventriculostomy”,
triculoperitoneal shunt”, “surgical management”, and “pae-
diatric hydrocephalus”. The complete search protocol can be
viewed in Appendix A. Thereafter, the data was uploaded to
R programme for statistical analysis. We have reported our
results based on descriptive statistics analysis and the forest

plots obtained.

ven-

Eligibility criteria
Inclusion criteria

Inclusion criteria were as follows: randomised controlled tri-
als, studies involving patients who had undergone an endo-
scopic third ventriculostomy or ventriculoperitoneal shunt
as an intervention, studies involving paediatric population,
studies involving human participants and including both
genders, available full-text articles published in English,
patients who have hydrocephalus, studies found on the Ovid
MEDLINE, Cochrane Register of Clinical Trials, Embase,
and Google Scholar databases, and the timeline of RCTs was
set between 2000 until present. The minimum sample size
of the population was set to 10 participants for each RCT.
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Fig. 1 Preferred Reporting Items
for Systematic Reviews and

Identification of studies via databases and registers

Meta-Analysis (PRISMA) [8]

= Records identified from*:
Databases (n = 184)
% MEDLINE (n = 96) Records removed before
= PubMed (n =72) »| screening:
t Cochrane Register (n =16) Duplicate records removed (n
3 = 58)
Records screened »| Records excluded*™
(n=126) (n=284)
Reports sought for retrieval ‘ Reports not retrieved
g (n=42) - " (n=0)
'§
P v
Reports assessed for eligibility Reports excluded:
(n=42) Adult population (n =21)
Articles in non-English
language (n =5)
No intervention (n = 7)
etc.
\4
3 Studies included in review
>
F (n=9)

Exclusion criteria

Non-original articles such as editorials, letters to the editor,
and conference abstracts were excluded, as well as articles
in languages other than English. Articles reporting findings
of the RCTs from adult population were excluded as well as
articles published before 2000.

Study selection

Two authors KIM and SK independently assessed the titles
and abstracts and retrieved relevant articles to evaluate the
relevance. Articles based on titles and abstracts of all extracted
articles which met the inclusion criteria were selected for fur-
ther review with all duplicate removed at this point. Thereaf-
ter, full articles were retrieved for all studies which met the

inclusion criteria. Further, the same two authors indepen-
dently assessed the full text for applicability. Any disagree-
ments among the two authors were resolved by discussion and
percent agreement and where necessary the senior supervisor
would reach a final decision. The reasons for exclusion of
the full text were noted. There was no blinding of reviewers
towards the journal titles, institutions, or study authors.

Data synthesis and quality assessment

Following the literature search and screening against the
inclusion and exclusion criteria, 8 RCTs a 1 prospective
study were included in the final analysis. The baseline
characteristics of the population and outcomes measured
are summarised in Table 1.
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Table 1 Baseline characteristics and outcomes measured for all the studies included in the final analysis

First author ~ Yearof  Study design Total Treatment Mean age No of Success rate  Complication Mean hospital
publica- no of modality  (months) patients (%) rate stay (days)
tion patients

Kulkarni [9] 2016 Randomised 158 ETV 43(1.8-7.7) 115 77/115 (66%) 7/115 5 (4-10)

controlled - months
trial VPS 2.2(0.6-5.3) 43 34/43 (719%) 0/43 5(4-9)
- months

Malheiros [3] 2010 Prospective 17 ETV 37 months 10 8/10 (80%) 0/10 3.3 days

study VPS 36 months 7 5/7(71.5%)  0/7 3.1 days

Kestle [10] 2003 Randomised 393 ETV 84 days - 194 128/194 18/194 -

controlled median (65%)
trial VPS 110 days- 199 159/199 11/199 -
median (79%)
Kulkarni [1] 2018 Randomised 78 ETV 5.6 (5.2) - age 59 38 (64.4%) 3/59 7.7 (5.8)
controlled in months
trial at first sur-
gery, mean,
SD
VPS 3.8(5.6)-age 19 15 (78.9%) 2/19 8.5(8.8)
in months
at first sur-
gery, mean,
SD
Kulkarni [11] 2017 Randomised 100 ETV 3.1 (22 51 33/51 (65%) 2/51 -
controlled to 4.2) -
trial months
VPS 3.1 .7 49 37/49 (76%)  2/49
t03.9) -
months
Schiff [12] 2021 Randomised 100 ETV - 51 - 2/51 -
controlled VPS 49 2/49
trial
Haq [13] 2022 Randomised 60 ETV 31.5+6.31 35 25/35 5/30 3.4+6.45
controlled (83.3%)
trial VPS 3234546 25 20/25 10/30 8.1+ 1.35 days
(66.7%)
Punchak [6] 2019 Randomised 100 ETV 3.25 months 51 - 10/51 -
controlled VPS 49 10/49
trial
Lane [7] 2022 Randomised 100 ETV 11- 51 - 10/43 -
controlled VPS 24 months 49 38/57
trial

Risk of bias assessment

The included studies were assessed using the Cochrane
risk-of-bias tool for randomised trials (RoB 2) [14] by two
independent researchers. In the case of disagreements, a
third researcher provided input to reach a consensus. The
risk of bias was assessed in seven domains and categorized
as “low risk of bias”, “some concerns of bias”, or “high

risk of bias” (Table 2).

@ Springer

Results
Study selection

Two independent reviewers completed the study selection.
The database search yielded 184 articles (PubMed, 72; MED-
LINE, 96; and Cochrane Central Register of Controlled Trials
databases, 16). After the removal of 58 duplicates, 126 arti-
cles remained. These were assessed against a predetermined
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Table 2 Types of hydrocephalus included in study

First author Type of hydrocephalus

Kulkarni [1]
Malheiros [3]
Kestle [10]
Kulkarni [9]

Triventricular hydrocephalus (TVH)
Not mentioned
Obstructive

Triventricular hydrocephalus (TVH)

Kulkarni [11] Postinfectious
Schiff [12] Postinfectious
Haq [13] Obstructive

Punchak [6] Post infectious
Lane [7] Post infectious

exclusion criteria by title and abstract. Eighty-four were
excluded due to inconsistent research objectives. Furthermore,
the full text of the remaining 42 articles was attempted to be
retrieved. The full text of 42 articles was assessed against the
exclusion criteria. Nine articles were consistent with the inclu-
sion criteria and so were included in this review. The same two
independent reviewers that conducted the database search also
carried out this process. The full search strategy is available
as Appendix A.

Population
Paediatric population patients with hydrocephalus.
Intervention

Patients who have undergone endoscopic third ventriculos-
tomy or ventriculoperitoneal shunt as an intervention.

Comparison

To compare the effectiveness of endoscopic third ventriculo-
stomy and ventriculoperitoneal shunt in the management of
hydrocephalus in paediatric population.

Outcome

The primary outcomes of interest were treatment success. The
secondary outcomes measured were complication rates.

Grouping analysis of studies
Baseline characteristics

The baseline characteristics of included studies are sum-
marised in Table 1. Most common country of publication
was Africa. The total number of patients was 1106 patients,
with a median number of patients treated via ETV: 566 and
VPS: 540.

Risk of bias assessment

The assessment of bias was done via the Cochrane risk-of-
bias tool assessment shown in Table 3 [14].

Statistical analysis

Data was extracted via a Microsoft Excel spreadsheet, then
exported to R version 4.0 for analysis and figure generation.
Baseline demographics were summarised using descriptive
statistics. Symptom and patient counts were summarised
using means and standard deviation (SD), and if not nor-
mally distributed, using a median and interquartile range
(IQR [15]). For the meta-analysis, we used a random-effects
model for pooled proportion analysis, and meta-analysis of
diagnostic accuracy studies, in accordance with published
guidelines [16.] We generated forest plots for studies that
included proportion, pooled sensitivity, and specificity. Het-
erogeneity was assessed using the 12 characteristic. Publi-
cation bias was evaluated and presented as funnel plots. R
statistics (Rstudio Version 4.0.1) was used to perform meta-
analysis and create forest and funnel plots (ggplot, tidyverse,
metafor, metaprop, mada, and meta packages).

Treatment success

Six studies reported treatment success rates as a primary out-
come (806 patients identified: 464 in ETV group, 342 in VPS
group). Combined success rates were 81.8% (n=283/346) in
the ETV group and 86.7% (n=182/210) in the VPS group
(median follow-up 41 months). There was no difference in suc-
cess rates between ETV and VPS groups (risk ratio 0.84, 95%
confidence interval [0.80-0.90], >=0%, p=0.93) (Fig. 2).

Complication rates

Nine studies reported postoperative complication rates
as a primary outcome (1106 patients identified: 604 in
ETV group, 502 in VPS group). Combined complication
rates were 4.6% (n=16/346) in the ETV group and 27.1%
(n=57/210) in the VPS group. ETV had a lower rate of
postoperative complications (risk ratio 0.76, 95% confidence
interval [0.42-1.38], ’=53%) (Fig. 3).

Discussion
Summary of findings and future implications

This systematic review and subsequent meta-analysis
revealed comparable success rates between ETV and VPS.

@ Springer
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Table 3 Summary of risk of bias assessment using revised Cochrane risk-of-bias tool for randomised trials (RoB 2)
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Domains:
D1: Bias due to confounding.
D2: Bias due to selection of participants.

D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.
DS: Bias due to missing data.

D6: Bias in measurement of outcomes

D7: Bias in selection of the reported results.

Nevertheless, it unveiled a significantly higher complica-
tion rate associated with VPS treatment.

In summary, our study’s findings align with those of
previous research in the field. A Jesuyajolu et al. study
[16] similarly observed no significant difference between
VPS and ETV treatments, although they noted a slightly
higher mortality risk of 0.05% in VPS compared to 0.01%.
Sheik et al. study [17], which involved 100 patients treated
with either VPS or ETV, suggested that VPS might carry a
higher risk of long-term complications. In contrast, [dowu
et al. study [18] found no statistically significant difference
in complication rates between the two procedures. Nota-
bly, our study reported a higher success rate when com-
pared to the existing literature. Specifically, we achieved

Judgement:
. Low risk

" Some concerns

High risk

a mean success rate ranging from 61.8 to 69.7% for ETV
and 57.8 to 67.1% for VPS.

The paper’s fidelity to record complications in the
context of the comparison between ETV and VPS for
the treatment of paediatric hydrocephalus was based on
the data sources and search methodology. We aimed to
conduct a thorough systematic review and meta-analysis
based on relevant and most inclusive databases such as
PubMed, MEDLINE and the Cochrane Central Register
of Controlled Trials in order to gather the most compre-
hensive set of studies. Further, we have included 8 RCTs
and 1 prospective study which account for a strong study
selection and methodologically strong approach to com-
pare treatment outcomes. On top of that, our study clearly

ETV VPS Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Kulkarni 2016 77 115 34 43 — 0.85 [0.69; 1.03] 16.7% 18.8%
Malheiros 2010 8 10 5 7 1.12 [0.64; 1.96] 2.0% 2.4%
Kestle 2003 128 194 159 199 — 0.83 [0.73;0.93] 53.0% 50.0%
Kulkarni 2018 38 59 15 19 —_— 0.82 [0.60; 1.10] 7.7% 8.4%
Kulkarni 2018 33 51 37 49 —:0—— 0.86 [0.66; 1.11] 12.7% 11.3%
Haq 2022 25 35 20 25 —— 0.89 [0.67;1.19] 7.9% 9.2%
Common effect model 464 342 < 0.84 [0.77;0.92]  100.0% ==
Random effects model > 0.84 [0.80; 0.90] -- 100.0%
Heterogeneity: /° = 0%, ©* =0, p = 0.93

0.75 1 1:5

Favors ETV Favors VPS

Fig.2 Forest plot depicting success rate outcome for ETV and VPS group of patients respectively
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Fig.3 Forest plot depicting ETV VPS Weight  Weight
: PR ) ’ o _

postoperative comphcatlon Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)

rate for ETV and VPS group of Schiff 2021 2 51 2 49 i 0.96 [0.14; 6.56] 29%  56%

patients respectively Haq 2022 5 30 10 30 f 0.50 [0.19; 1.29] 14.1%  15.6%
Punchak 2019 10 51 10 49 —— 0.96 [0.44; 2.10] 14.4%  18.9%
Kulkarni 2016 7 115 0 43 —H————— 5.65 [0.33; 96.83] 0.0% 2.8%
Malheiros 2010 0 10 0 4 0.0% 0.0%
Kestle 2003 8 194 11 199 - 1.68 [0.81; 3.46] 15.3%  20.4%
Lane 2022 10 43 38 57 = 0.35 [0.20; 0.62) 46.1%  24.3%
Kulkarni 2018 2 51 2 49 —_— 0.96 [0.14; 6.56] 2.9% 5.6%
Kulkarni 2018 3 59 2 19 —— 0.48 [0.09; 2.68] 4.3% 6.8%
Common effect model 604 502 < 0.76 [0.55; 1.05] 100.0% e
Random effects model - 0.76 [0.42; 1.38] == 100.0%
Heterogeneity: 12 = 53%, ©* = 0.1762, p = 0.04

delineates the number of patients in the ETV and VPS
groups and their respective complication rates which was
later used in the statistical analysis. We have highlighted
the p-values, combined success rates and median follow-
up time for evaluating the accuracy of postoperative com-
plication rates recording.

One of the implications of the study is to stratify a scoring
tool that could predict the overall long-term success in high-,
moderate-, and low-risk groups of paediatric hydrocephalus
population. In turn, this could aid clinical decision-making
when opting for either ETV or VPS treatment in the man-
agement of hydrocephalus. Durnford et al. study proposed
a success validation score referred to as Endoscopic Third
Ventriculostomy Success Score (ETVSS) in order to pre-
dict successful treatment for hydrocephalus based on the
patient’s baseline characteristics [19]. The validation of this
scoring tool was conducted on a population of 166 patients
with hydrocephalus at a single neurosurgical centre in the
UK. Our study recognises that by extending the validation
tool of overall long-term success for both treatment methods
of ETV and VPS for paediatric hydrocephalus patients, we
would be able to stratify the clinical outcomes more realisti-
cally in management decision-making process.

The majority of RCTs in our systematic review and meta-
analysis were representative of paediatric hydrocephalus
population in African countries; hence, future research
should address the need to obtain a greater representation
of patient population from countries different than Africa.

Limitations

One of the limitations of our meta-analysis was the small
sample size included in 1 randomised controlled trial of Mal-
heiros et al. study [3], which may potentially introduce bias
against the generalisability of our data. We have set a mini-
mum criterion to include 10 participants in our analysis; how-
ever, there is a scarcity of data in the paediatric population
randomised controlled trials. Secondly, there was a paucity
of research evidence in terms of various outcomes utilised.

01 0512 10
Favors ETV Favors VPS

Our study showcased a heterogeneity of outcomes included
and future research needs to address the need to mitigate
the incomplete reporting of data. On top of that, the avail-
ability and quality of level I evidence included in this study
were limited to 8 RCTs and 1 prospective study; hence, more
randomised controlled trials are required to demonstrate the
distinct advantage of either management approach in the pae-
diatric population hydrocephalus. There was a limited num-
ber of RCTs with heterogenous methodological limitations
in study protocols as aforementioned, potentially introducing
reporting bias which may have affected the degree of our
research robustness in our findings. Four studies reported
incomplete reporting of outcomes, hence introducing “some
concerns” and ‘“high risk of bias” limitation of the overall
quality and reliability of the evidence synthesised in this
review and meta-analysis [1, 6, 9, 11]. Further, four studies
were found to have “some concerns” in terms of the randomi-
sation process which again may introduce reduced generalis-
ability of our findings [1, 9, 12, 13].

Conclusion

This is the first systematic review and meta-analysis focusing
on the outcomes of ETV and VPS treatment as a management
of choice for paediatric hydrocephalus. This meta-analysis
demonstrates that endoscopic third ventriculostomy and ven-
triculoperitoneal shunt are both viable options for the surgical
management with similar success rates reported. However,
our study recognised that VPS results in a higher compli-
cation rate following the management of hydrocephalus in
paediatric population. Although ETV has shown greater
potential to treat paediatric hydrocephalus in comparison
to the VPS treatment, more randomised controlled trials are
needed to ascertain the effectiveness and the superiority of
both treatments in the future research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00381-023-06225-3.
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