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Abstract
Purpose Pediatric hydrocephalus is the most common cause of surgically treatable neurological disease in children. Con-
troversies exist whether endoscopic third ventriculostomy (ETV) or cerebrospinal fluid (CSF) shunt placement is the most 
appropriate treatment for pediatric hydrocephalus. This study aimed to compare the risk of re-operation and death between 
the two procedures.
Methods We performed a retrospective population-based cohort study and included patients younger than 20-years-old who 
underwent CSF shunt or ETV for hydrocephalus from the Taiwan National Health Insurance Research Database.
Results A total of 3,555 pediatric patients from 2004 to 2017 were selected, including 2,340 (65.8%) patients that received 
CSF shunt placement and 1215 (34.2%) patients that underwent ETV. The incidence of all-cause death was 3.31 per 100 
person-year for CSF shunt group and 2.52 per 100 person-year for ETV group, with an adjusted hazard ratio (HR) of 0.79 
(95% confidence interval [CI] = 0.66–0.94, p = 0.009). The cumulative incidence competing risk for reoperation was 31.2% 
for the CSF shunt group and 26.4% for the ETV group, with an adjusted subdistribution HR of 0.82 (95% CI = 0.70–0.96, 
p = 0.015). Subgroup analysis showed that ETV was beneficial for hydrocephalus coexisting with brain or spinal tumor, 
central nervous system infection, and intracranial hemorrhage.
Conclusion Our data indicates ETV is  a better operative procedure for pediatric hydrocephalus when advanced surgical 
techniques and instruments are available.
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Introduction

Hydrocephalus is one of the most common diseases 
involving the central nervous system for both children 
and adult. Cerebrospinal fluid (CSF) shunt procedures 
can normalize intracranial pressure and minimize possi-
ble related neuronal injury and other unfavorable conse-
quences [1, 2]. Due to the capability of the peritoneum 
to absorb cerebrospinal fluid, ventriculoperitoneal (VP) 
shunt is the most frequently utilized procedure for hydro-
cephalus. However, some conditions, such as valve failure, 
catheter obstruction or migration, shunt disconnection or 
infection, may cause shunt failure [3]. Shunt malfunctions 
happen more frequently in children than in adults. Shunt 
failures occur in 14% of cases within the 1st month [4] and 
40–50% within the 1st year after shunt placement [5, 6] for 
pediatric hydrocephalus. It could also result in the need for 
one or more revision surgeries, sometimes requiring urgent 
treatment, and even shunt-related death [7, 8].

Endoscopic third ventriculostomy (ETV) is well 
accepted for hydrocephalus due to improvements in endos-
copy, better imaging, advanced surgical techniques, and 
instruments. ETV developed with the benefit of device free-
dom for growing children in the last two decades. However,  
some neurosurgeons hesitate to perform ETV and still con-
sider CSF shunt as the most prominent treatment of choice 
for pediatric hydrocephalus due to equipment limitation, 
skill difficulty, and risk of large vessel injury with ETV 
[9]. While many studies have shown the complications of 
CSF shunting for pediatric hydrocephalus, there is still a 
knowledge gap of the advantages and risks between CSF 
shunt and ETV because studies directly comparing the  
long-term outcomes of shunts or ETVs are rare.

Therefore, the aim of this study is to better understand 
the effectiveness of ETV based on real-world data from 
the Taiwan National Health Insurance Research Database 
(NHIRD). Our goal was (1) to report reoperation rate and 
long-term mortality of patients who underwent ETV or CSF 
shunt for pediatric hydrocephalus, (2) to compare the effec-
tiveness of the two surgical procedures, and (3) to examine 
factors, such as age or tumor status, related to reoperation 
and mortality occurring after the first procedure.

Materials and methods

Data source

The Joint Institutional Review Board at Taipei Medical Uni-
versity Hospital approved the present retrospective cohort 
study with a waiver of informed consent (code of approval: 

N202005071). All experiments were performed in accordance 
with relevant guidelines and regulations. Data was obtained 
from NHIRD which contains reimbursement claims data 
under the regulation of National Health Insurance (NHI). 
NHI in Taiwan provides comprehensive care services and it 
is mandatory for all citizens in Taiwan to join NHI, resulting 
in a nearly 99% coverage rate of the 23 million residents of 
Taiwan. The NHIRD is used strictly for research purposes, 
and all personal identification data are encrypted to protect the 
confidentiality of patients before being released to research-
ers. The data that support the findings of this study are avail-
able from Taiwan National Health Insurance Administration 
but restrictions apply to the availability of these data, which 
were used under license for the current study, and so are 
not publicly available. Data are however available from the 
authors upon request and with permission of Taiwan National 
Health Insurance Administration.

Study design and study cohort

This study is a retrospective population-based cohort study 
with two groups and patients who were less than 20 years old 
and first received a surgical procedure of CSF shunt or ETV 
for hydrocephalus between 2004 and 2017. We excluded 
patients whose medical records could not clearly show the 
type of surgery performed, and who received both shunt and 
ETV at the same admission, but the medical records could 
not clearly show which procedure was done first. Eligible 
patients were classified into a group of patients who received 
CSF shunt and a group of patients who received ETV. The 
date of admission was referred as the index date thereafter.

Study outcomes

The primary outcome was all-cause death which defined if a 
patient had a death record derived from the National Death 
Registry after the index date. The secondary outcome was 
reoperation which was defined as a patient having a new 
surgical procedure related to hydrocephalus, no matter ETV 
or CSF shunt, after discharge based on the reimbursement 
claims of NHIRD.

Covariates

Baseline characteristics were assessed at the time of inclu-
sion. We considered patient’s gender, age, year of procedure 
and previous or coexisting disease conditions one year prior 
to the index date, including brain/spinal tumor, brain vascu-
lar lesions, congenital anomalies of nervous system, central 
nervous system (CNS) infection, intracranial hemorrhage, 
and development disorders. The disease diagnosis codes for 
baseline comorbidities are provided in Supplementary Table 1.
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Statistical analysis

Since baseline characteristics between CSF shunts and 
ETV subjects differed, we used an inverse probability of 
treatment weighting (IPTW) matching to balance the dif-
ference between two groups. This approach is highly rec-
ommended in observational studies that intend to compare 
different treatment alternatives, allowing us to estimate the 
relative treatment effect with minimal bias on time-to-event. 
Baseline characteristics were analyzed using standardized 
mean difference (SMD) and SMD of > 0.1 indicates the 
presence of non-negligible differences between 2 groups. 
Cox proportional model was used to examine the risk of 
death. Competing risk model was used for reoperation since 
the risk of death might differ between two groups and thus, 
we treated death as a competing risk when comparing the 
likelihood of the patients receiving reoperation between two 
groups. All models were additionally adjusted for baseline 
covariates listed in Table 1. All patients were followed at 
least one year from the index date to the date of outcomes 
of interests or the end of observational period (December 
31st, 2017). All analyses were performed using SAS/STAT 
9.4 (SAS Institute Inc., Cary, North Carolina) and STATA 
14 (Stata Corp LP, College Station, Texas). A p < 0.05 was 
considered significant.

Results

Among 4049 pediatric patients receiving a shunt or ETV 
for hydrocephalus between 2004 and 2017, a total of 3555 
were eligible (aged under 20-year-old at the time of receiv-
ing surgical treatment) for the current study. These patients 
were separated into two cohorts depending on the treatment 
procedure: 2340 (65.8%) for CSF shunt and 1215 (34.2%) 
for ETV (Fig. 1).

Baseline characteristics are shown in Table 1. Before 
IPTW, patients who received ETV were older, fewer male, 
with age between 0 and 1, but with higher proportion of 
brain tumors when compared to those who received shunts. 
ETV was also performed more frequently in more recent 
years. In terms of previous or coexisting disease conditions, 
patients with ETV were more likely to have a history of 
malignant neoplasm of brain, and benign brain and CNS 
tumors. After IPTW, baseline characteristics were well-
balanced between the two groups.

The cumulative incidence and relative risks of reopera-
tion and death are shown in Tables 2 and 3. After IPTW, 
the cumulative incidence competing risk (CICR) for reop-
eration was 31.2% for patients receiving shunt and 26.4% 
for patients receiving ETV, with an adjusted subdistribution 
hazard ratio (SHR) of 0.82 (95% CI of 0.70–0.96, p = 0.015). 

Table 1  Basic characteristics of 
children receiving shunt or ETV 
for hydrocephalus

CNS central nervous system, ETV endoscopic third ventriculostomy
SMD difference in means or proportions divided by the standard error and imbalance defined as an absolute 
value greater than 0.1

Before IPTW After IPTW

Overall
n (%)

Shunt
n (%)

ETV
n (%)

SMD Shunt (%) ETV (%) SMD

Sample size 3555 2340 (65.8) 1215 (34.2) 65.6 34.4
Male, yes 2139 (60.2) 1,454 (62.1) 685 (56.4) 0.117 60.2 58.6 0.031
Age, mean (SD) 8.44 (7.6) 10.41 (7.1) 0.271 7.5 7.5 0.012
   0 ~ 1 666 (18.7) 532 (22.7) 134 (11.0) 0.316 18.9 20.1 0.032
   1 ~ 9 1142 (32.1) 757 (32.4) 385 (31.7) 0.014 31.9 30.5 0.030
   10 ~ 20 1747 (49.1) 1051 (44.9) 696 (57.3) 0.249 49.3 49.3 0.002

Year of procedure
   2004–2007 1136 (32.0) 849 (36.3) 287 (23.6) 0.279 32.0 432.8 0.015
   2008–2010 774 (21.8) 517 (22.1) 257 (21.2) 0.023 21.8 21.2 0.015
   2011–2013 781 (22.0) 426 (18.2) 355 (29.2) 0.261 22.0 22.6 0.013
   2014–2017 864 (24.3) 548 (23.4) 316 (26.0) 0.060 24.1 23.5 0.016

Previous or coexisting disease conditions
   Brain/spinal tumor 1128 (31.7) 701 (30.0) 427 (35.1) 0.109 31.6 30.7 0.019
   Brain vascular lesion 148 (4.2) 111 (4.7) 37 (3.1) 0.088 4.1 4.1 0.002
   Congenital anomalies 

of nervous system
557 (15.7) 365 (15.6) 192 (15.8) 0.006 15.8 16.0 0.007

   CNS infection 417 (11.7) 285 (12.2) 132 (10.9) 0.088 11.9 12.3 0.002
   Intracranial hemorrhage 1156 (32.5) 877 (37.5) 279 (23.0) 0.006 32.7 33.7 0.007
   Others 149 (4.2) 1 (< 0.1) 148 (12.2) 0.525 3.9 3.2 0.038
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In terms of mortality, the incidence of all-cause death was 
3.31 per 100 person-year (PY) for patients receiving shunts 
and 2.52 per 100 PY for patients receiving ETV, respec-
tively, with an adjusted hazard ratio (HR) of 0.79 (95% CI 
of 0.66–0.94, p = 0.009).

Figure 2A presents the cumulative incidence competing 
risk of reoperation and we found the incidence of reoper-
ation was high in the beginning after the index date and 
became stable later. A similar trend was found for the cumu-
lative incidence of all-cause death based on Kaplan–Meier 
estimation (Fig. 2B); moreover, the difference occurred in 
the first year after the index date.

Subgroup analysis (Fig.  3) presents the difference 
between CSF shunt and ETV by age groups (age 0- to 
9-year-old and 10- to 20-year-old), a history of brain or spine 
tumor and coexistence with CNS infection and intracranial 
hemorrhage. For reoperation, ETV benefits subgroups of 
the patients aged 0- to 9-year-old (HR = 0.74, 95% CI of 
0.56–0.97) and subgroups coexisting with brain or spine 
tumor (reoperation; HR = 0.51, 95% CI of 0.33–0.78). 

However, the benefit effect of all-cause death only occurred 
in patients aged between 10- and 20-year-old (SHR = 0.55, 
CI of 0.38–0.81). In addition, ETV benefits both reoperation 
and all-cause-death for subgroups of hydrocephalus without 
CNS infection (reoperation: HR = 0.71, 95% CI of 0.57–0.90; 
all-cause-death: HR = 0.73, 95% CI of 0.56–0.96), and sub-
groups of hydrocephalus without intracranial hemorrhage 
(reoperation: HR = 0.66, 95% CI of 0.52–0.83; all-cause-
death: HR = 0.70, 95% CI of 0.53–0.93).

Discussion

This study represents a significant contribution as the first 
large-scale population-based investigation demonstrating 
the efficacy of ETV and CSF shunt in pediatric patients 
with hydrocephalus. Compared to CSF shunt placement, 
ETV exhibits a relatively lower risk of all-cause death and 
reoperation. Despite ongoing debate regarding the optimal 
treatment for pediatric hydrocephalus, VP shunt placement 

Fig. 1  Schematic diagram of 
study cohort

Table 2  The rate and hazard risk of reoperation of children receiving shunt compared to children receiving ETV (per 100 person-year)

CICR cumulative incidence competing risk, ETV endoscopic third ventriculostomy, SHR subdistribution hazard ratio
*Adjusted SHR was estimated based on multivariable Cox regression treating death as a competing risk adjusting the variables listed in Table 1

Group Events, n CICR (%) Crude HR (95% CI) p value Adjusted* HR (95% CI) p value

Shunt 601 31.2 1 (Ref.) 1 (Ref.)
EVT 267 26.4 0.82 0.70–0.96 0.016 0.82 0.70–0.96 0.015
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has conventionally been the preferred approach among neu-
rosurgeons in recent decades. There are still risks of com-
plications after shunt procedure despite several revolutions 
and technical modifications. In contrast, ETV is more often 
considered for obstructive hydrocephalus in children older 
than 2 years and adults in recent years [10] because of the 

advantage of being device free and avoidance of shunt-
related complication, such as shunt infection. This study 
used real-world data to show the benefit of ETV for pediatric 
hydrocephalus, showing ETV could be a treatment option 
for children in terms of mortality and reoperation compared 
to the more traditional shunt procedures.

Table 3  The rate and hazard risk of death of children receiving shunt compared to children received ETV (per 100 person-year)

ETV endoscopic third ventriculostomy, HR hazard ratio, PY person-year
*Adjusted HR was estimated based on multivariable Cox regression adjusting the variables listed in Table 1

Group PY Events, n Rate (95% CI) Crude HR (95% CI) p value Adjusted* HR (95% CI) p value

Overall 24,713 749 3.03 (2.79–3.29)
Shunt 15,875 526 3.31 (3.01–3.64) 1 (Ref.) 1 (Ref.)
ETV 8,838 223 2.52 (2.15–2.98) 0.78 (0.66–0.93) 0.006 0.79 (0.66–0.94) 0.009

Fig. 2  Cumulative incidence 
competing risk of reoperation 
(A) and Kaplan–Meier failure 
curve of death (B) of children 
received shunt and ETV during 
follow-up period
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Although placement of a CSF shunt is a common solution 
and a standard procedure for hydrocephalus [11], there are still 
problems after this operation, especially for the growing pedi-
atric patients. The complications due to VP shunt have been 
reported in many studies, ranging from 20.0 to 84.5% [1, 12, 
13]. Specifically, CSF shunts for pediatric hydrocephalus had a 
33.2–50% failure rate [14, 15]; the incidence of shunt revision 
was 27–84.5%, shunt blockade 5–50%, shunt infection 9–23%, 
shunt migration or disconnection 3.6–11%, and shunt mal-
function due to abdominal pseudocyst 10.8%. Hydrocephalus 
associated with post-tubercular meningitis and intraventricu-
lar hemorrhage in shunt placement had higher risk (35.13%, 

45.4% respectively) with multiple shunt revisions [12]. 12.5% 
of patients were reported to need the first revision more than 
10 years after initial shunt placement [1]. The shunt-related 
mortality reported was 5–13.7% [12, 16, 17].

Other treatments should also be considered due to the 
high incidence of the complications of CSF shunt placement. 
In the last two decades, CSF shunt treatment has trended 
toward endoscopic treatment for pediatric hydrocephalus 
[18–20]. Endoscopic procedures are usually described as 
minimally invasive and thought to have lower morbidity and 
mortality rates when compared to traditional or open micro-
surgical procedures [21, 22]. Moreover, ETV is considered 

Fig. 3  Forest plot for subgroup analysis of reoperation (A) and death (B). (Abbreviation: CICR, cumulative incidence competing risk; ETV, 
endoscopic third ventriculostomy; HR, hazard ratio; SHR, subdistribution hazard ratio)
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preferable to CSF shunt procedures in pediatric patients 
more than 6-months-old, since it is at least as efficient as 
the shunt procedure, and it avoids shunt dependency and 
associated complications [23–25]. Despite the pros ETV 
offers, including being a shunt device free for pediatric 
hydrocephalus, there are risks of complications and fail-
ure, which may result in reoperation or even death. Rates 
of ETV failure are about 20–37%; variation depends on the 
time duration of postoperative follow-up [26, 27]. In 2010, 
Kulkarni et al. reported that the relative risk of ETV fail-
ure is initially higher than that for shunt, but after about 
3 months, the relative risk becomes progressively lower 
for ETV, based on three international collaborative studies 
[26]. The overall complication rate of ETV is reported to be 
5–15% [24, 28], and include bleeding from the walls of the 
lateral or third ventricle, larger vessels injury, like branches 
from basilar artery or superior cerebellar artery which can 
lead to severe morbidity [29]. Abhaya et al. reported 6.0% 
moderate or severe intraoperative bleeding during ETV pro-
cedure, while Bouras and Sgouros reported 3.7% consider-
able intraoperative bleeding [24, 25]. Meningitis or wound 
infection after ETV happened in 1.5–2% of procedures [24, 
25], yet operation-related infection after ETV is less than 
after shunt procedure. However, some complications hap-
pen more after ETV, including CSF leakage (4.4%), hypona-
tremia (3.9%), pseudomeningocele (3.9%), seizure (2.0%), 
and new neurologic deficit (0.5–1.0%) [25].

In 2010, ETV Success Score (ETVSS) was developed to 
predict the success rate of ETV for pediatric hydrocephalus, 
based on age, etiology of hydrocephalus, and presence of a 
previous shunt [30]. A high ETVSS predicts a high chance 
of early ETV success. One of limitations of the present 
study, we could not get the ETVSS of every case from the 
NHIRD. Therefore, we used the age and different etiology of 
hydrocephalus (two variants of ETVSS) to analyze the risk 
of the reoperation rate and all-cause death. Age is a deter-
mining factor of success for both ETV and shunt procedure 
for pediatric hydrocephalus. Tuli et al. found both etiology 
and age less than 1 year at first shunt placement were risk 
factors for CSF shunt failure [6]. Two papers revealed that 
only age (< 6 months) and not etiology was a determinant 
of CSF shunt survival [31, 32]. Kulkarni et al. have reported 
an increased frequency of infection after shunt in children 
less than 6 months of age as compared to older than 1 year 
[33]. The success rate of ETV was also higher in children 
over 1-year-old in a population-based study [34]. Because 
there is no need for any device implantation in ETV proce-
dure, the risk of long-term complications is reduced [20]. In 
our study, the case number of patients aged below 1-year-
old is too small to analyze, so we separate all cases into 
2 groups (patients aged from 0- to 9-year-old and 10- to 
20-year-old). We found ETV had more benefit effect for 
both all-cause death and reoperation in patients aged from 

10- to 20-year-old. The etiology of hydrocephalus is also 
an important factor of success of ETV. Tumor-associated 
hydrocephalus is common in primary pediatric brain tumors. 
In this context, ETV was found to have a high success rate of 
more than 90% and has been recommended as the ideal treat-
ment for hydrocephalus in cases who underwent posterior 
fossa tumor removal surgery [35]. TT Wong reported 56.7% 
of pediatric brain tumor cases presented hydrocephalus, the 
hydrocephalus was obstructive type (98%) and rarely com-
municating type (1.9%) at tumor diagnosis[36]. ETV is rec-
ommended as the choice of treatment for obstructive hydro-
cephalus in many institutes now [29]. ETV was reported to 
provide 81.5% overall rate of shunt independence with clini-
cal remission or improvement for obstructive hydrocephalus 
[37]. Our data also showed ETV had more benefit effect 
for reoperation in patients with a history of brain or spinal 
tumor in the long-time follow-up (Fig. 3A). The cumulative 
incidence of reoperation, as represented by the CICR, dem-
onstrated elevated rates for both ETV and CSF shunt pro-
cedures during the initial 0–15 years of the analysis period, 
with ETV showing a comparatively lower incidence. This 
pattern aligns with the observations reported by Kulkarni 
et al. in 2010 over a 4-year follow-up [26]. Similarly, a paral-
lel trend was observed in the Kaplan–Meier curves for all-
cause death, where distinctions between the ETV and CSF 
shunt cohorts emerged in the first year following the index 
date, favoring a lower incidence in the ETV cohort.

ETV is mainly reserved for obstructive hydrocephalus 
in patients who have normal or near normal cerebrospinal 
fluid absorptive capacity [38]. Therefore ETV is appropri-
ate for treatment of pediatric hydrocephalus secondary to 
obstruction due to brain tumor, spinal tumor, aqueductal ste-
nosis, myelomeningocele, infection-related hydrocephalus, 
and intraventricular hemorrhage [34]. But the indications 
of ETV have recently expanded to communicating types of 
hydrocephalus [39, 40] and the success of ETV in infants 
with hydrocephalus has been increased by the addition of 
choroid plexus cauterization [10].

In our study, we present national data from Taiwan of 
pediatric hydrocephalus cases with ETV or shunt procedures 
in children. According to our results, the incidence com-
peting risk of reoperation for children receiving CSF shunt 
was 27.4%, higher than children receiving ETV (18.4%) 
(Table 2). The rate of all-cause death of children was higher 
for shunt compared to ETV (3.29% vs. 1.67%) procedures 
(Table 3). Along with improvements in endoscopy equip-
ment and technologies, the need for shunt independence 
has led to advances in ETV techniques. The success rate of 
ETV is directly proportional to the experience of operating 
neurosurgeon [41]. We can find a trend of more neurosur-
geons performing ETV to treat pediatric hydrocephalus year 
by year in Taiwan. In Taiwan, there are few neurosurgeons 
subspecialized and well trained in pediatric neurosurgery 
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and most neurosurgeons chose CSF shunt instead of ETV for 
pediatric hydrocephalus despite any etiology in the earlier 
period. Pediatric neurosurgeons’ training for ETV procedure 
for pediatric hydrocephalus may be one of the factors affect-
ing the results of ETV or CSF shunt outcome in this data.

The strength of the current study is the large-scale data 
from a single database and long-term follow-up. However, 
we also recognize that our study has limitations. The larg-
est limitation of this study is its retrospective nature being 
sourced from a national database with limited information. 
Hydrocephalus has been customarily classified as either 
obstructive or communicating and we included both types. 
Underlying etiology of hydrocephalus, like intraventricular 
hemorrhage, myelomeningocele and previous CSF infec-
tion were reported to be associated with failure of ETV 
or CSF shunt [42]. We could not classify the etiology of 
hydrocephalus which might influence the choice of ETV or 
CSF shunt procedure. In addition, the choice of treatment is 
influenced by the patients’ clinical end points. To minimize 
the confounding effect, statistical methods like multivariable 
regression, propensity score method, and instrumental varia-
ble-like methods are recommended to adjust the indications. 
However, none of these methods can completely resolve the 
effect of confounding through indications. In this study, we 
used multivariate regression models and patient subgroups 
to improve the validity of the findings. Lastly, CSF diversion 
procedures might vary in the success rate based on differ-
ent types of shunts used. The claims data only included the 
reimbursement procedure of nonprogrammable VP shunt, 
limiting our analysis to only this information.

Conclusion

Currently, hydrocephalus is routinely treated and with great 
success. CSF shunt placement is still the main treatment for 
pediatric hydrocephalus, but ETV is becoming more com-
mon. CSF shunts and ETV procedures are both associated 
with different complications and morbidity. ETV procedure 
by experienced surgeons is an effective and safe tool in the 
management of pediatric hydrocephalus. Our study revealed 
ETV is superior to shunt for pediatric hydrocephalus aged 
below 20-year-old in success rate and long-time survival. 
However, underlying causative pathology and risk factor for 
ETV should still be studied in detail.
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