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OBJECTIVE Despite growing published evidence of the merits of endoscopic third ventriculostomy (ETV) instead of 
shunt revision at the time of shunt malfunction (secondary ETV), concerns about its efficacy and complications remain 
and ETV is still not used widely in this context. This study aimed to carry out a comprehensive meta-analysis and reports 
on the success and safety of secondary ETV in the pediatric age group.
METHODS In accordance with the PRISMA guidelines, systematic searches of Medline, Embase, and Cochrane Cen-
tral were undertaken from database inception to September 7, 2022. ETV success was defined as the lack of need for 
a shunt and was the primary outcome measure. Secondary outcome measures were the rates of complications and 
mortality. A random-effects model was used. Summary-level meta-regression was performed to identify predictors for 
success in accordance with the ETV Success Score (ETVSS).
RESULTS Sixteen studies reporting on 584 patients who underwent secondary ETV for shunt malfunction were includ-
ed in the meta-analysis. The overall pooled mean (95% CI) age was 6.1 (3–9) years, and 57.0% of patients were male. 
The pooled prevalence rates of the hydrocephalus etiologies were as follows: aqueduct stenosis (39.3%); myelome-
ningocele (27.6%); postinfectious (17.1%); posthemorrhagic (13.0%); neoplasm (13.0%); and malformation (11.3%). The 
overall pooled success rates of ETV for shunt malfunction at 3 months, 6 months, and 12 months were 65.69% (95% CI 
52%–77%, prediction interval 47%–81%, I2 = 0, p = 0.775); 63.25% (95% CI 54%–72%, prediction interval 38%–83%, 
I2 = 65, p < 0.001); and 53.37% (95% CI 24%–81%, prediction interval 1%–99%, I2 = 47, p = 0.154). The overall pooled 
prevalence of intraoperative bleeding was 4.96% (95% CI 0%–64%, prediction interval 0%–99%, I2 = 85, p < 0.001). The 
overall rates of complications were low, with new neurological deficit (transient or permanent) having the highest rate at 
1.61% (95% CI 0.68%–3.72%, prediction interval 0.67%–3.78%, I2 = 0, p > 0.999). On meta-regression, age (p = 0.138), 
proportion of patients with postinfectious hydrocephalus (p = 0.8736), and number of shunt revisions (p = 0.1775) were 
not statistically significant predictors of secondary ETV success at 6 months.
CONCLUSIONS This meta-analysis demonstrates that secondary ETV after shunt malfunction in pediatric patients is a 
feasible option with acceptable success rates and low complication rates.
Clinical trial registration no.: CRD42022359573 (PROSPERO)
https://thejns.org/doi/abs/10.3171/2023.1.PEDS22427
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Cerebrospinal fluid (CSF) shunting remains the 
mainstay treatment for patients with communi-
cating and obstructive forms of hydrocephalus.1–3 

However, despite notable advancements in shunt technol-
ogy, only meager improvements in the rates of malfunc-
tion and shunt-related complications have been realized.4 
A third of implanted shunts malfunction in the 1st year 
and approximately 80% of patients require a shunt revi-
sion in the next decade.5

Endoscopic third ventriculostomy (ETV) serves as a 
potential and attractive alternative to CSF shunting for 
hydrocephalus due to the lack of implanted hardware.6–8 
The effectiveness of primary ETV in obstructive hydro-
cephalus has been documented to lead to substantial rates 
of shunt independence.6–8 Previous studies of ETV have 
focused on its role as an initial treatment for hydrocepha-
lus. However, there may be a role for ETV in the context 
of shunt malfunction (secondary ETV) in preference to 
shunt revision.

According to the ETV Success Score (ETVSS), patient 
age, hydrocephalus etiology, and previous shunting are the 
most important factors influencing ETV effectiveness.9,10 
Previous shunting purportedly reduces the likelihood of 
ETV success by approximately 10%.9,10 As a result, many 
children who previously underwent shunting were consid-
ered eligible candidates for ETV but may not have been 
offered the procedure. However, large series on both pedi-
atric and adult patients have shown similar rates of shunt 
independence between primary and secondary ETV.11,12

Consequently, this present study aimed to review the 
clinical and safety outcomes of ETV in children with a 
history of previous CSF shunt insertion through a system-
atic review and meta-analysis.

Methods
This review was conducted according to the PRISMA 

guidelines.13 The protocol was registered with the inter-
national prospective PROSPERO registry of systematic 
reviews (registration no. CRD42022359573).

Outcomes
The primary outcome was ETV success, as defined 

as the absence of shunt surgery at a minimum 3-month 
follow-up. In most cases, the objective for secondary ETV 
is to render the patient shunt free. Hence, secondary ETV 
followed by temporary external ventricular drain (EVD) 
placement or further ETV would not be considered failed 
secondary ETV. Nonetheless, the use of temporary EVD 
after ETV was investigated.

Secondary outcomes that were considered complica-
tions after secondary ETV included any new neurological 
deficit, diabetes insipidus, hyponatremia, wound infection, 
intracranial fluid collection, CSF leak, pseudomeningo-
cele, seizure, meningitis, sepsis, hemorrhage, and proce-
dure-related mortality, as defined by the authors. Intra-
operative bleeding outcomes defined as bleeding during 
procedure were also included.

Search Strategy
Three electronic databases—Ovid Medline, Ovid Em-

base, and Cochrane Central Register of Controlled Trials 
(CENTRAL)—were searched. Searches were performed 
in each electronic database from its inception until Sep-
tember 7, 2022. In addition to their synonyms and related 
terms, the concepts of “endoscopic third ventriculostomy” 
and “shunt failure” were used. Supplementary Table 1 pre-
sents the full search strategy used for each database.

Eligibility Criteria
Articles were selected for inclusion if they were a pri-

mary interventional or observational study that evaluated 
the effectiveness and safety of ETV after shunt malfunc-
tion, with follow-up of at least 3 months. Studies that had 
evaluated primary and secondary ETV but reported out-
comes specific to secondary ETV were included. This 
review included studies on exclusively pediatric patients 
(age < 18 years).

The following studies were excluded: narrative and sys-
tematic reviews, editorials, commentaries, opinion papers, 
letters, education papers, conference abstracts, protocols, 
reports, theses, or book chapters because they were un-
likely to contain sufficient detail about the effectiveness 
and safety of both treatments. Non-English articles were 
also excluded. Supplementary Table 2 provides the full list 
of inclusion and exclusion criteria.

Study Selection
Titles and abstracts were independently screened 

against the predefined eligibility criteria developed by two 
reviewers (K.S.L. and C.S.G.). Any disagreements were 
resolved through discussion between the reviewers or fur-
ther adjudication by a third reviewer (K.A.). Agreement 
among the reviewers on study inclusion was evaluated 
with Cohen’s kappa.14

Studies with small sample sizes were included on the 
basis of the recommendations of the Cochrane Statistical 
Methods Group to not exclude studies purely on the basis 
of sample size.15 When multiple publications analyzing the 
same cohort over overlapping study periods were encoun-
tered, the publication that reported the largest patient data 
set with the relevant outcomes was used for evaluation.

The reference lists of the included studies were ex-
plored to identify any relevant studies that may have been 
inadvertently overlooked in our search strategy.16

Data Extraction
To ensure standardization and consistency, a pro forma 

was developed and piloted to extract data on the follow-
ing variables: 1) study details, 2) study design, 3) country 
and data set, 4) selection criteria, 5) patient demographic 
characteristics, 6) treatment and control, 7) indication for 
treatment, and 8) results. K.S.L. and C.S.G. independently 
extracted the data to ensure reliability. Discrepancies or 
disagreements about extracted material were resolved by 
the senior reviewer (K.A.).

Risk of Bias Assessment
The risk of bias of the included studies was assessed 

using the Joanna Briggs Institute (JBI) checklist for case 
series.17 The JBI checklist rated the quality of selection, 
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measurement, and comparability for all studies and gave 
a score of 10. K.S.L. and C.S.G. assessed the risk of bias 
of all included studies and discussed discrepancies until 
consensus was reached.

Statistical Analysis
Meta-analyses of the primary endpoints were per-

formed via the random-effects model due to heterogeneity 
within and between individual studies, as well as sampling 
variabilities across studies.18

The overall pooled proportions of hydrocephalus etiol-
ogy, as well as the rates of success and complications, of 
the included patients were computed using the generalized 
linear mixed model (GLMM) method with a random inter-
cept logistic regression model via logit transformation.18,19 
Knapp-Hartung adjustments were used to reduce the 
chance of false-positive results and to control the estimat-
ed uncertainties of between-study heterogeneity. GLMM, 
instead of Freeman-Tukey double arcsine transformation, 
was employed because GLMM has been shown to provide 
the most accurate estimate for meta-analysis of single pro-
portions in simulation studies.18,19

The I2 statistic was employed to assess interstudy 
heterogeneity. I2 provides an estimate of the percentage 
of variability in results across studies that is due to real 
differences and not due to chance. I2 ≤ 30%, 30%–50%, 
50%–75%, and ≥ 75% indicated low, moderate, substan-
tial, and considerable heterogeneity, respectively.20 The p 
values for the I2 statistic were derived from the chi-square 
distribution of Cochran’s Q test. Prediction intervals were 
reported for all outcome measures. A prediction interval 
provides estimates of what the effect size might be for 
similar studies conducted in the future.

Missing mean ± SD values for the numerical variables 
were imputed as medians, ranges (minimum to maxi-
mum), and interquartile ranges by using the methods pro-
posed by Hozo et al. and Wan et al.21,22

Summary-level meta-regression was performed using 
mixed-effect meta-analysis modeling with the GLMM 
method to identify predictors for secondary ETV success 
at 6 months. A maximum likelihood estimator was used 
to estimate heterogeneity. Predictors were patient age, hy-
drocephalus etiology, and previous shunting in accordance 
with ETVSS.9,10

The publication bias of the studies was assessed using 
funnel plots, where an asymmetrical distribution of stud-
ies was suggestive of bias.23 The Egger’s regression test 
was performed for quantitative analysis of funnel plot 
asymmetry.24 The quality of evidence for each outcome 
was evaluated using the GRADE (Grading of Recom-
mendations, Assessment, Development and Evaluations) 
framework.25

All statistical analyses were performed using R soft-
ware version 4.2.1 (R Foundation for Statistical Comput-
ing), with the package meta.26 In this study, p < 0.05 was 
considered statistically significant.

Results
Characteristics of Included Studies

The systematic search yielded 672 unique publications. 

After screening of the titles and abstracts, the full texts of 
50 publications were reviewed. Sixteen studies with 584 
patients met the eligibility criteria for inclusion in our sys-
tematic review and meta-analysis (Fig. 1).6,27–41 At screen-
ing of both the title and abstract, the reliability of study 
selection between reviewers was substantial (Cohen’s κ 
0.89 and 1.00, respectively).14

All 16 included studies were nonrandomized observa-
tional case series. Data were collected across 14 countries: 
China, India, Japan, Egypt, Iran, Saudi Arabia, Turkey, 
Brazil, Czech Republic, France, Italy, Netherlands, United 
States, and United Kingdom. Table 1 presents a summary 
of the included studies. In the evaluation of the risk of bias 
with the JBI checklist for case series, 7 studies attained a 
full score of 10, 3 studies attained a score of 9, 3 studies 
attained a score of 8, and 3 studies attained a score of 7 
(see Supplementary Table 3 for full details).

Baseline Characteristics of Patients and Workflow
Patient sex was reported in 9 of 16 studies, for a to-

tal of 402 patients: 56.97% were male and 43.03% were 
female. The mean ± SD age was reported or imputable 
in 8 of 16 studies, for a total of 371 patients. The overall 

FIG. 1. PRISMA flow diagram of the studies that were included and ex-
cluded from the systematic review and meta-analysis. Data added to the 
PRISMA template [from Page MJ, McKenzie JE, Bossuyt PM, Boutron 
I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71]. 
Figure is available in color online only.
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pooled mean age across these studies was 6.08 years (95% 
CI 3–9, I2 = 98%, p < 0.001).

The pooled prevalence of hydrocephalus etiologies was 
as follows: aqueduct stenosis (39.33%, 95% CI 19%–64%, I2 
= 73, p < 0.001); myelomeningocele (27.58%, 95% CI 26%–
28%, I2 = 0, p = 0.433); postinfectious (17.12%, 95% CI 11%–
26%, I2 = 17, p = 0.298); posthemorrhagic (12.98%, 95% CI 
6%–26%, I2 = 59, p = 0.007); neoplasm (12.97%, 95% CI 
6%–25%, I2 = 48, p = 0.073); and malformation (Dandy-
Walker syndrome and Chiari malformation) (11.32%, 95% 
CI 5%–25%, I2 = 3, p = 0.376). The pooled prevalence rates 
of the baseline characteristics are summarized in Table 2. 
There were overlapping etiologies within the included pa-
tients and hence the etiologies were not exclusive.

In total, 28.91% (95% CI 18%–42%, I2 = 71, p < 0.001) 
of patients presented with shunt infection. The pooled 
mean number of shunt revisions before ETV was 2.24 
(95% CI 0.28–18.24, I2 = 95, p < 0.001). The mean ± SD 
interval between last shunt placement to ETV was report-
ed or imputable in 3 studies for a total of 122 patients. The 
pooled time interval between last shunt placement and 
ETV was 46.83 months (95% CI 1–93, I2 = 96, p < 0.001).

Primary Outcome
Success Rates

The mean ± SD follow-up duration was reported in 7 

studies. The pooled follow-up duration was 60.37 months 
(95% CI 36–84, I2 = 98, p < 0.001). The overall pooled 
success rate of ETV for shunt malfunction at last follow-
up was 58.57% (95% CI 44%–72%, prediction interval 
20%–89%, I2 = 83, p < 0.001). The overall pooled success 
rates of ETV for shunt malfunction at 3 months, 6 months, 
and 12 months were 65.69% (95% CI 52%–77%, predic-
tion interval 47%–81%, I2 = 0, p = 0.775), 63.25% (95% 
CI 54%–72%, prediction interval 38%–83%, I2 = 65, p < 
0.001), and 53.37% (95% CI 24%–81%, prediction interval 
1%–99%, I2 = 47. p = 0.154) (Fig. 2). On meta-regression, 
age (p = 0.138), proportion of patients with postinfectious 
hydrocephalus (p = 0.8736), and number of shunt revisions 
(p = 0.1775) were not statistically significant predictors of 
secondary ETV success at 6 months.

The success rates according to hydrocephalus etiology 
were highest for aqueduct stenosis, followed by posthem-
orrhagic hydrocephalus, myelomeningocele, and postin-
fectious hydrocephalus. The results of the analysis of the 
success rates for neoplasm and malformation were omit-
ted because only 2 studies reported these characteristics 
for a few patients. Table 3 provides the pooled outcomes.

Temporary EVD use during the ETV procedure was 
reported across 6 studies, including 303 patients. The 
overall pooled rate of postoperative EVD use was 33.46% 
(95% CI 5%–84%, prediction interval 0%–99%, I2 = 84, p 

TABLE 1. Summary of included studies

Authors  
& Year Country

Study  
Design

Study  
Period

Total 
No. of 

Patients
Imputed  

Age (yrs)* Male
Imputed  

Follow-Up (mos)*

Beems & Grotenhuis, 200227 Netherlands Case series Through 2001 13 0.60 ± 0.44 NR 55.46 ± 32.92
Brichtova et al., 201328 Czech Republic Case series 2001–2011 42 9.5 ± NR 24 (57.14) NR
Choudhary et al., 202029 India Case series 2010–2016 36 0.17–16† 24 (66.67) NR
Cinalli et al., 19986 France Case series 1987–1993 30 8.7 ± NR 21 (70.00) 61.75 ± 58.09
Duru et al., 201830 Turkey Case series 2001–2016 8 NR NR NR
Elgamal, 201031 Saudi Arabia Case series NR 7 NR 1 (14.29) NR
Furtado et al., 202032 Brazil Case series 1996–2016 43 NR 20 (46.51) NR
Heshmati et al., 201933 Iran Case series 2008–2014 33 5.70 ± 4.06 NR 18.05 ± 10.22
Kenawy et al., 202234 Egypt Case series 2017–2020 18 11.17 ± 5.16 11 (61.11) NR
Marton et al., 201035 Italy Case series 1995–2008 22 7.09 ± 4.41 NR 66.75 ± 35.50
Rocque et al., 202236 Canada, USA Multicenter case series; 

HCRN registry
2008–2019 203 5.10 ± 6.81 115 (56.65) NR

Shaikh et al., 201937 India Case series 2004–2018 36 9.25 ± 5.73 NR 46.26 ± 52.93
Shimizu et al., 201238 Japan, USA Multicenter case series; 

Cleveland Clinic, National 
Hospital Organization, 

Okayama Medical Center

2000–2009 9 9.36 ± 5.87 5 (55.56) NR

Stovell et al., 201639 UK Case series 1998–2006 33 NR NR 99.20 ± 61.64
Tamburrini et al., 200740 Italy Case series 2001–2007 14 2.65 ± NR 8 (57.14) 79.71 ± 9.30
Zhao et al., 201641 China Case series 2005–2014 37 1.83 ± 0.75 NR NR

HCRN = Hydrocephalus Clinical Research Network; NR = not reported.
Values are shown as number, number (%), or mean ± SD. 
* To pool the means of the numerical variables, we computed missing mean ± SD values from the medians, ranges (minimum to maximum), and interquartile ranges by 
using the methods proposed by Hozo et al.21 and Wan et al.22

† The range is reported.
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< 0.001). No studies reported data on return to the operat-
ing room for EVD insertion after ETV.

Secondary Outcomes
Complication Rates

Intraoperative bleeding was reported in 4 studies. The 
overall pooled prevalence of intraoperative bleeding was 
4.96% (95% CI 0%–64%, prediction interval 0%–100%, 
I2 = 85, p < 0.001). Only Rocque et al. formally graded 
the level of intraoperative bleeding.36 Moderate intraop-
erative bleeding was defined as a totally obstructed view 
that cleared within 2–3 minutes, whereas severe intraop-
erative bleeding required more than 5 minutes to return to 
clear working conditions. In our meta-analysis, severe in-
traoperative bleed also included the need to abort the pro-
cedure. The rates of moderate and severe bleeding were 
1.45% (95% CI 0%–80%, prediction interval 0%–99%, I2 
= 66, p = 0.0887) and 1.38% (95% CI 0%–7%, prediction 
interval 0%–11%, I2 = 0, p = 0.762).

The overall rates of complications were acceptable. 
A new neurological deficit (transient or permanent) was 
present in 1.61% of patients (95% CI 0.68%–3.72%, pre-
diction interval 0.67%–3.78%, I2 = 0, p > 0.999). CSF leak 
was reported in 11 studies for 454 patients. The over-
all pooled prevalence of CSF leak was 0.55% (95% CI 
0.02%–15.66%, prediction interval 0.00%–84.36%, I2 = 0, 
p = 0.956).

Wound infection, diabetes insipidus, intracranial fluid 
collection, hyponatremia, sepsis, meningitis, seizures, 
and pseudomeningocele were reported in 10 studies 
that included 436 patients. The pooled prevalence rates 
of the abovementioned complications were as follows: 
wound infection (0.46%, 95% CI 0.09%–2.24%, predic-
tion interval 0.09%–2.31%, I2 = 0, p > 0.999); intracranial 
fluid collection (0.51%, 95% CI 0.02%–11.62%, predic-

tion interval 0.01%–15.20%, I2 = 0, p > 0.999); hypona-
tremia (0.53%, 95% CI 0.03%–9.94%, prediction interval 
0.00%–66.84%, I2 = 64, p = 0.003); sepsis (0.51%, 95% CI 
0.02%–11.62%, prediction interval 0.01%–15.20%, I2 = 0, 
p > 0.999); meningitis (0.51%, 95% CI 0.02%–11.62%, 
prediction interval 0.01%–15.20%, I2 = 0, p > 0.999); sei-
zures (0.11%, 95% CI 0.00%–73.14%, prediction interval 
0.00%–92.33%, I2 = 0, p > 0.999); and pseudomeningo-
cele (0.60%, 95% CI 0.03%–9.58%, prediction interval 
0.01%–25.98%, I2 = 0, p > 0.999). Due to the extreme 95% 
CI values for the pooled prevalence of diabetes insipidus, 
this characteristic was omitted because we considered 
this estimate unreliable.

The overall rates of hemorrhage were reported in 10 
studies for 436 patients. The rates of intraventricular 
hemorrhage, intracerebral hemorrhage, and extradural 
hematoma were 0.92% (95% CI 0%–3%, prediction in-
terval 0%–3%, I2 = 0, p > 0.999), 0.23% (95% CI 0%–2%, 
prediction interval 0%–2%, I2 = 0, p > 0.999), and 0.16% 
(95% CI 0%–16%, prediction interval 0%–25%, I2 = 0, p 
> 0.999), respectively.

Procedure-related mortality was reported in 11 studies 
and occurred in 2 of 454 patients in these studies. The 
overall pooled procedure-related mortality rate was 0.03% 
(95% CI 0%–89%, prediction interval 0%–98%, I2 = 0, p 
> 0.999) (Supplementary Fig. 1). Due to the extreme 95% 
CI, we advise that this estimate is not reliable. The crude 
estimate of procedure-related mortality was 0.44% (95% 
CI 0.05%–1.58%), determined with the Clopper-Pearson 
(exact) binomial method.

As shown in Supplementary Fig. 1, procedure-related 
mortality was observed in only 1 of 11 studies. Accord-
ingly, procedure-related mortality ranged from as low as 
0% to as high as 4.76%, across 11 studies. The forest plots 
for all other reported outcomes from each study can be 
found in Supplementary Figs. 2–15.

TABLE 2. Pooled baseline characteristics of the included patients

Characteristic
No. of Studies 

Reporting Variable
Total Sample 

Analyzed
Pooled Summary  
Estimate (95% CI) I2 (%)

p Value 
of I2*

Male sex 9 402 56.97 (51.20–62.54) 12.0 0.3344
Mean age, yrs 8 371 6.08 (2.96–9.19) 97.9 <0.0001
Workflow
 Shunt infection 11 480 28.91 (18.84–41.61) 71.1 <0.0001
 Time from last shunt placement to ETV, mos 4 122 46.83 (1.03–92.62) 96.1 <0.0001
 Mean no. of shunt revisions before ETV 3 240 2.24 (0.28–18.24) 94.8 <0.0001
 Mean follow-up, mos 7 181 60.37 (36.41–84.33) 98.7 <0.001
Hydrocephalus etiology
 Aqueduct stenosis 11 479 39.33 (18.98–64.20) 73.2 <0.0001
 Myelomeningocele 6 337 27.58 (26.52–28.67) 0.0 0.4333
 Postinfectious 8 231 17.12 (10.91–25.84) 16.7 0.2982
 Posthemorrhagic 11 479 12.98 (5.93–26.09) 58.5 0.0074
 Neoplasm 7 185 12.97 (6.14–25.35) 48.0 0.0732
 Malformation† 4 106 11.32 (4.59–25.30) 3.4 0.3755

* Determined with the chi-square test.
† Includes Dandy-Walker syndrome and multiloculated hydrocephalus.
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Discussion
Summary of Findings

This is the largest study to systematically assess the role 
of ETV in children with a history of previous treatment 
with CSF shunt insertion, in terms of success and compli-
cation rates, by using a systematic review and meta-anal-
ysis.42,43 This study demonstrated relatively good overall 
pooled rates of success at 3, 6, and 12 months of follow-up, 
as well as low rates of complications, suggesting that sec-

ondary ETV is an effective and safe option for the pediat-
ric population presenting with shunt malfunction.

Comparison With Findings in the Literature
Primary ETV is purportedly effective, with reported 

rates of shunt independency ranging from 60% to 70%.7,44 
This meta-analysis demonstrates comparable success rates 
for secondary ETV at various time points at 3, 6, 12, and 
60 months (55%–60%). These results are also corrobo-

FIG. 2. Forest plots of good success rates determined with random-effects models at 3 months (A), 6 months (B), 12 months (C), 
and last follow-up (D). Figure is available in color online only.
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rated by studies with mixed adult and pediatric patients 
who had undergone previous shunt implantation (52%–
90%).45–49 Notably, in our study, the pooled rates of suc-
cess at last follow-up (mean 5 years) were higher than at 12 
months (58.57% vs 53.37%). A likely explanation is related 
to the fact that 10 studies with 386 patients reported suc-
cess rates at last follow-up, whereas only 3 studies with a 
total of 79 patients reported success rates at 12 months, 
with the former hence giving a more reliable point esti-
mate. Kulkarni et al. showed that primary ETV was as-
sociated with a greater early-failure rate, but this rate de-
creases with time to a level lower than that of the failure 
rate associated with shunt placement.7,9,10 This is consistent 
with our pooled success rates for secondary ETV at the 
subsequent time interval. Nonetheless, ETV failure should 

not be overlooked during clinical follow-up of these pa-
tients in order to mitigate any late, sudden deterioration 
that could be catastrophic.42 Although not considered to 
represent failed secondary ETV, post-ETV EVD is an im-
portant consideration because it requires another visit to 
the operating room and represents an aspect of morbidity. 
However, among the primary studies, no such information 
was obtained and hence could not be synthesized.

The etiology of hydrocephalus is a crucial factor con-
sidered to influence ETV success.7,9,10 Our findings demon-
strated that secondary ETV was successful in 75% of chil-
dren with aqueduct stenosis. This is corroborated by previ-
ous studies for primary ETV.50–52 Furlanetti et al. reported 
a similar success rate of 88% in primary ETV.50 Con-
versely, the lowest success rate, as expected, was recorded 

TABLE 3. Pooled outcomes of included patients

Outcome
No. of Studies 

Reporting Variable
No. of Patients 

Analyzed
Pooled Summary 

Estimate (95% CI)* I2 (%)
p Value 
of I2†

Prediction 
Interval

Quality of 
Evidence‡

Overall success rate
 3 mos 4 137 65.69 (51.92–77.25) 0.0 0.775 46.89–80.60 Low
  6 mos 13 475 63.25 (53.62–71.93) 64.7 <0.001 37.78–82.99 Low
 12 mos 3 79 53.37 (24.03–80.54) 46.6 0.154 0.80–99.39 Low
 Last follow-up 10 386 58.57 (43.53–72.16) 83.3 <0.001 20.46–88.60 Low
Success rate stratified by  
hydrocephalus etiology
 Aqueduct stenosis 4 54 74.07 (51.54–88.47) 0.0 0.640 0.42.89–0.91.57 Low
 Posthemorrhagic 4 21 61.90 (28.00–87.16) 0.0 0.947 19.03–91.83 Low
 Myelomeningocele 3 51 54.90 (26.62–80.34) 0.0 0.826 3.30–97.75 Low
 Postinfectious 3 19 52.63 (13.34–88.92) 0.0 0.994 0.32–99.74 Low
Complications
 Temporary EVD use during  
 ETV procedure

6 303 33.46 (4.68–83.73) 84.0 <0.001 0.10–99.62 Low

 Intraop bleeding 4 289 4.96 (0.15–64.14) 84.8 <0.001 0.00–99.77 Low
 Moderate bleeding 4 289 1.45 (0.01–79.88) 65.5 0.089 0.00–98.64 Low
 Severe bleeding 4 289 1.38 (0.28–6.51) 0.0 0.762 0.16–10.91 Low
 New neurological deficit 10 436 1.61 (0.68–3.72) 0.0 >0.999 0.67–3.78 Low
 Oculomotor paralysis 8 248 1.11 (0.12–9.30) 0.0 >0.999 0.10–11.72 Low
 CSF leak 11 454 0.55 (0.02–15.66) 0.0 0.956 0.00–84.36 Low
 Wound infection 10 436 0.46 (0.09–2.24) 0.0 >0.999 0.09–2.31 Low
 Intracranial fluid collection 10 436 0.51 (0.02–11.62) 0.0 >0.999 0.01–15.20 Low
 Hyponatremia 10 436 0.53 (0.03–9.94) 63.7 0.003 0.00–66.84 Low
 Sepsis 10 436 0.51 (0.02–11.62) 0.0 >0.999 0.01–15.20 Low
 Meningitis 10 436 0.51 (0.02–11.62) 0.0 >0.999 0.01–15.20 Low
 Seizure 10 436 0.11 (0.00–73.14) 0.0 >0.999 0.00–92.33 Low
 Pseudomeningocele 10 436 0.60 (0.03–9.58) 0.0 >0.999 0.01–25.98 Low
 IVH 10 436 0.92 (0.30–2.80) 0.0 >0.999 0.29–2.86 Low
 ICH 10 436 0.23 (0.02–2.17) 0.0 >0.999 0.02–2.26 Low
 EDH 10 436 0.16 (0.00–15.60) 0.0 >0.999 0.00–25.39 Low
 Procedure-related mortality* 11 454 0.03 (0.00–88.91) 0.0 >0.999 0.00–98.21 Low

EDH = extradural hematoma; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage.
* When the pooled proportions (GLMM method) provided 95% CI values of 0 to 1 or nearly 1, then we considered that estimate as unreliable.
† Determined with the chi-square test.
‡ According to the GRADE framework.
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in patients with postinfectious hydrocephalus (52%).7,9,10 
Differences in etiology of hydrocephalus may account for 
the differences in the reported success rates of secondary 
ETV. In a recent study from North America, which esti-
mated a 6-month success rate of only 40% for secondary 
ETV, the most prevalent cause of hydrocephalus in the co-
hort was posthemorrhagic in 27% of patients,36 whereas in 
this meta-analysis, which also included patients from Eu-
rope, South America, Asia, and Africa, posthemorrhagic 
hydrocephalus only accounted for 13% of patients, with 
aqueduct stenosis being far more common at almost 40%.

Although beneficial, we recognize that, based on the 
information from the included studies, our current meta-
analysis could not externally validate the ETVSS model 
and its predictive accuracy of ETV success at 6 months.9,10 
A possible relationship with more granular detail may 
be uncovered in the future. Validation could be achieved 
by establishing a prospective registry with data collected 
from multiple international centers, which could inform 
future meta-analyses with individual participant–level 
data from real-world settings. Nonetheless, the strength 
of this current meta-analysis lies in its ability to perform 
meta-regression analyses in order to identify predictors 
such as patient age, hydrocephalus etiology, and previous 
shunting in accordance with ETVSS.9,10

The rates of complications from ETV have been shown 
to be greater in patients with a history of previous ventric-
uloperitoneal shunt implantation compared with primary 
ETV, with death as a possible consequence of ETV fail-
ure,7,52,53 although our pooled analysis showed that mor-
tality is low (0.03%).7,52,53 This meta-analysis observed an 
acceptable rate of complications, with the most common 
being transient or permanent neurological deficit (1.61%), 
pseudomeningocele (0.60%), and CSF leak (0.55%). How-
ever, in this study, the rate of intraoperative bleeding was 
5%. The rates of severe hemorrhage and basilar artery 
rupture—a feared intraoperative complication of ETV—
were reported in 1% of cases. This is not insignificant. 
However, multivariable analyses by Rocque et al. found 
that time to shunt surgery (failure) after secondary ETV 
was not affected by the presence of intraoperative hemor-
rhage, although they found that a clear surgical view of 
the basilar artery in the prepontine cistern was associated 
with greater likelihood of ETV success.36 Secondary ETV 
is often performed in the presence of relatively small ven-
tricles, and the importance of surgical experience cannot 
be overstated.

Clinical Implications
Because this meta-analysis did not directly compare 

secondary ETV as an alternative treatment to standard 
shunt revision in children presenting with shunt malfunc-
tion, we can at best only conclude that secondary ETV is 
a safe and relatively effective option. A significant propor-
tion of children reviewed in this study underwent second-
ary ETV for shunt infection.6,28,30–38,41 This is attractive 
because ETV allows for removal of implanted hardware. 
However, our meta-analysis suggests that secondary ETV 
may be equally suitable for patients with other causes of 
shunt malfunction.

There was distinguishable variation with respect to 

the overall success and complication rates for secondary 
ETV among the case series included in our review. This 
could be attributed to heterogeneity in the way the inci-
dents were recorded as complications. However, this may 
also be related to true differences in the complication rates 
between centers and individual neurosurgeons.42 With 
acknowledgment of the anatomical differences between 
shunt-naive and shunt-dependent patients, secondary ETV 
is more technically demanding than primary and is as-
sociated with a higher intraoperative complication rate. It 
is critical to define an optimal trajectory through what is 
usually a relatively small ventricular system. The use of 
neuronavigation is advised.

Limitations
The limitations of our meta-analysis stem from the 

retrospective and observational nature of included case 
series, with notable heterogeneity among them. Conclu-
sions drawn from this meta-analysis may have been biased 
by residual confounders. Confounders not accounted for 
in this study include surgeon experience. This may have 
introduced selection and performance bias, potentially 
steering our conclusions in either direction. There was 
no standard time frame, with different lengths of clinical 
follow-up in each study. In addition, several outcomes re-
ported in this study had large encompassing 95% CI val-
ues, which may be explained by the modest sample size 
and large heterogeneity among studies. As such, a few 
outcomes were omitted to avoid misinterpretation because 
the estimates were unlikely to be reliable. Notably, the 
prediction intervals suggested considerable between-study 
variation in outcomes. This limits our ability for clini-
cians to quote figures confidently.18 This meta-analysis in-
cluded patients who had undergone both ETV and choroid 
plexus cauterization. However, subgroup analyses of the 
success rates for this specific cohort of patients could not 
be performed due to the lack of granular data from pri-
mary studies, which could be disaggregated specifically 
for these patients. The main value of our meta-analysis 
was the avoidance of undue emphasis on individual stud-
ies, thus yielding more reliable point estimates. Our meta-
analysis included a diverse range of patients from all over 
the world, enhancing its external validity and facilitating 
our improved understanding of the appropriate therapeutic 
strategies.

Conclusions
This meta-analysis demonstrates that secondary ETV 

in pediatric patients is a feasible option, with relatively 
good success rates and low complication rates, and worth 
considering at shunt malfunction.
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