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Hydrocephalus remains one of the more common 
pathologies managed in pediatric neurosurgi-
cal units with endoscopic third ventriculostomy 

(ETV) and ventriculoperitoneal shunt (VPS) insertion the 
mainstays of treatment. Endoscopic third ventriculostomy 
has an advantage over VPS insertion as it enables patients 
to remain device free. However, its efficacy, even now, is 
widely discussed in the literature.9 Ventriculoperitoneal 
shunting, the more conventional treatment, has undergone 

many advances since its inception in the mid-1950s.26 Yet 
this shunt remains a high-risk device,6 with shunt fail-
ure a significant cause of morbidity.3 Currently, multiple 
shunt devices with various valve designs exist,2 with no 
one valve proven to be superior to another.26 Multiple stud-
ies have examined shunt survival for almost every kind of 
shunt that is commonly used,5,7,8,10–12,14,15,18–20,22–25,31 but the 
patient numbers for most of these studies were low or the 
length of follow-up was short. 

ABBREVIATIONS  DP = differential pressure; ETV = endoscopic third ventriculostomy; OSV = Orbis-Sigma valve; VAS = ventriculoatrial shunt; VPS = ventriculoperitoneal 
shunt.
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OBJECTIVE  Hydrocephalus remains one of the more common pathologies managed in pediatric neurosurgical units. 
Endoscopic third ventriculostomy (ETV) has an advantage over ventriculoperitoneal shunting as it enables patients to 
remain device free. Multiple shunt devices with various valve designs exist, with no one valve proven to be superior to 
another. The aim of this study was to describe the management of hydrocephalus and its long-term outcome.
METHODS  The authors retrospectively reviewed the medical records of all patients who had been treated for hydro-
cephalus at the Hôpital Necker-Enfants Malades in the period from 1985 to 1995.
RESULTS  Nine hundred seventy-five children had been treated for hydrocephalus. The mean follow-up was 11 ± 7.4 
years (mean ± standard deviation). The most common cause of hydrocephalus was tumor related (32.3%), followed by 
malformative (24.5%) and inflammatory (20.9%) causes. Two hundred eighty patients underwent ETV as the first-line 
treatment. The procedure was effective in controlling hydrocephalus due to posterior fossa tumors and aqueductal 
stenosis. Six hundred ninety-five children had initial shunt insertion, with the majority receiving an Orbis-Sigma valve 
(OSV). The overall OSV shunt survival was 70% at 1 year, 58% at 10 years, and 49% at 20 years. The most common 
cause for mechanical shunt failure was obstruction (50.7%). Overall shunt survival was statistically different between the 
OSV and the differential-pressure valve (p = 0.009).
CONCLUSIONS  Endoscopic third ventriculostomy is effective in the management of childhood hydrocephalus. Its suc-
cess is directly related to the underlying pathology. In the long term, the OSV has significantly higher event-free shunt 
survival than the classic differential-pressure valve systems
https://thejns.org/doi/abs/10.3171/2017.2.PEDS16491
KEY WORDS  hydrocephalus; pediatric; ventriculoperitoneal shunt; complications

©AANS, 2017J Neurosurg Pediatr  Volume 20 • July 201710

Unauthenticated | Downloaded 03/12/22 10:00 AM UTC



Hydrocephalus in children

J Neurosurg Pediatr  Volume 20 • July 2017 11

To address these issues, we retrospectively reviewed 
all patients who had been treated for hydrocephalus at the 
Hôpital Necker-Enfants Malades in the period from 1985 
to 1995 with the aim of describing the management of hy-
drocephalus and its long-term outcome.

Methods
Study Design

All patients who had undergone an initial procedure at 
the Hôpital Necker-Enfants Malades for the management 
of hydrocephalus between 1985 and 1995 were included in 
this study. We chose these periods of study (1985–1995) 
and analysis (2014–2015) to get a follow-up range cover-
ing the entire “pediatric period” (that is, 20 years). Patient 
data were obtained through a retrospective review of the 
medical records. Follow-up data were obtained from the 
last outpatient consultation or via a telephone call with the 
patient or parents, the general practitioner, or the neuro-
surgeon who continued the long-term care, whichever was 
later.

Definitions
For the purpose of this study, we defined failure of 

ETV as when a patient needed another surgical procedure 
(either repeat ETV or shunt insertion) for the adequate 
control of hydrocephalus. The decision to perform the sur-
gery was made when a patient presented clinical signs of 
raised intracranial pressure with ventricular enlargement 
as compared with the ventricular appearance on a refer-
ence image (that is, the last brain image when the patient 
was doing well).

Shunt failure was defined as when a patient underwent 
any additional hydrocephalus-related surgery following 
the initial implantation. Shunt infection was defined as a 
positive shunt or CSF culture requiring removal and re-
placement of the shunt system and antibiotic therapy.

Data Collection
Collected data included patient sex, gestational age, 

weight at birth, age at first procedure, etiology of hydroceph­
alus, and vital status. Etiology was categorized as inflam-
matory (postinfectious, posthemorrhagic, posttraumatic), 
malformative (spina bifida, Chiari malformation), aque-
ductal (aqueductal stenosis), tumoral, and other. We noted 
the type of the first procedure (ETV or VPS placement). 
When an ETV was performed, we noted the result (suc-
cess, redo, or shunt insertion). When a shunt was inserted, 
we noted the shunt type as either a VPS or ventriculoatrial 
shunt (VAS), the valve type as either a flow-controlled (Or-
bis-Sigma valve [OSV]) or differential-pressure (DP) valve 
(either a Hakim pediatric medium-pressure valve or a Delta 
valve [diaphragm medium-pressure valve with an antisi-
phon device]), the side of the ventricular catheter, and the 
position of the ventricular catheter as either correct (with 
the ventricular tip within the ventricle and not contacting 
the choroid plexus or the ependyma) or questionable. The 
position of the tip of the ventricular catheter was judged on 
the first postoperative MR or CT image. Neuroradiologists 
reviewed these studies, taking into account the position of 
the last 2 cm of the ventricular catheter.

If shunt revision occurred, we noted the timing and the 

cause (mechanical or infection). Mechanical complications 
were divided into obstruction (ventricular catheter, valve, 
peritoneal catheter), fracture/disconnection (proximal, dis-
tal), migration, improper placement, overdrainage (proxi-
mal obstruction related to slit ventricles, isolated ventricles, 
subdural hematoma), miscellaneous (lengthening proce-
dure, others), and no evidence of malfunction when testing 
the system during the revision surgery. We also noted the 
type and total number of shunt revisions for each patient.

Statistical Analysis
We used SSPS version 20 (IBM Corp.) for statistical 

analyses. Because the cohort was large, we assumed the 
normality of the distribution. Parametric tests for descrip-
tive analyses were used with a 95% confidence interval. 
The different groups of patients were statistically evalu-
ated using a log-rank test, and a p value < 0.05 was con-
sidered significant. Kaplan-Meier survival curves were 
performed for the time to failure of a procedure. Time to 
shunt failure was compared between the groups by using a 
log-rank test. A Cox proportional-hazards regression was 
used to perform multivariate analyses.

Results
Overall Study Population

Between 1985 and 1995, 975 children under 18 years 
of age were treated for hydrocephalus at our institution. 
There was a slight preponderance of boys (54.6%; Table 
1). The median age at first surgery was 195 days (mean 
3.2 years). The mean follow-up was 11 ± 7.4 years (mean 
± standard deviation) with a maximum of 28 years. Sev-
enty percent had a follow-up ≥ 5 years and 60% had a 
follow-up ≥ 10 years. With respect to etiologies of the hy-
drocephalus, the most common cause was tumor related 
(32.3%), followed by malformative (24.5%) and inflam-
matory (20.9%) causes. The gestational age at birth was 
available in 694 patients, and 30.5% of these children were 
born preterm. Overall mortality was 16.5%; mortality due 
to tumor progression was 12.5%. The mortality rate due 
to the hydrocephalus itself was 1%. In 695 patients, the 
hydrocephalus was initially managed with shunt insertion, 
whereas the remaining 280 patients underwent ETV.

ETV Group
In 280 patients with an obstruction at the level of the 

posterior fossa or in whom aqueductal stenosis was sus-
pected, ETV was performed as the first-line treatment (Ta-
ble 2). The sex ratio showed a male predominance (52.5%). 
The main etiology was posterior fossa tumor–related hy-
drocephalus (155 patients). The ETV was successful in 
204 cases (72.8%), needed to be redone in 8 cases (2.8%), 
or was unsuccessful and required shunt implantation in 
68 cases (24.3%). A Kaplan-Meier survival curve for the 
ETV population is shown in Fig. 1A. Survival analysis of 
ETV showed an overall survival of 76.9% at 1 year and 
70% at 10 and 20 years. With respect to ETV and etiology, 
ETV is effective in controlling hydrocephalus due to pos-
terior fossa tumors and aqueductal stenosis. It was much 
less effective for hydrocephalus due to intraventricular 
hemorrhage or infection (p < 0.001; Fig. 1B).
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Shunt Group 
Overall Shunt Cohort

Over the 10-year study period, 695 children had initial 
shunt insertion. Most of the children were under the age 
of 1 year at the time of the first shunt implantation (69.2%; 
Table 3). The median age at first surgery was 127.5 days, 
and the mean age was 2.1 ± 3.8 years. The mean follow-
up was 12.5 ± 7.6 years. The two main etiologies were 
malformative (29.9%) and inflammatory (27.3%) hydro-
cephalus.

Valve choice was based on surgeon preference. The 
majority of patients had an OSV (635 patients), and the 
VPS was largely preferred for the first procedure (693 pa-
tients). The side of ventricular catheter insertion was pref-
erably the larger one, and the right side was chosen in 603 
cases. The ventricular catheter was correctly positioned in 
the majority of cases (600 patients).

Of the 695 children who had initial shunt insertion, 
271 had at least one mechanical failure and 72 had at least 
one shunt infection (Table 4). A total of 1234 shunt pro-
cedures were performed, and 456 were shunt revisions for 
mechanical failure in 271 patients and 83 revisions for in-
fection in 72 patients. The mean number of revisions for a 
mechanical shunt malfunction was 0.66 ± 1.1. The global 
rate of shunt infection in this series was 6.7%.

The maximum number of mechanical shunt failures 
was 8. Most of the patients whose shunts failed for me-
chanical reasons experienced only one shunt failure (176 
patients). The number of shunt revisions for infection and 
mechanical failure is shown in Table 4. Reasons for me-
chanical failure of the first shunt are detailed in Table 5, 
and a Kaplan-Meier survival curve is presented in Fig. 
2. On univariate analyses, patient sex, gestational age at 
birth, and age at the first shunt implantation (age < 1 year 
or ≥ 1 year) were not significantly associated with shunt 
failure (p = 0.3, 0.6, and 0.1, respectively). However, the 
position of the ventricular catheter was significantly as-
sociated with better shunt survival when the catheter 
was correctly placed (p < 0.001). Multivariate analyses 
revealed that only the position of the ventricular catheter 
was significantly associated with a worse shunt survival 
when the catheter was incorrectly placed (HR 2.01, 95% 
CI 1.44–2.82).

Differential-Pressure Valve Group
Sixty patients initially received a DP shunt because of 

surgeon preference. The epidemiological characteristics 
and causes of hydrocephalus in this group are reported in 
Table 6. Survival analysis (Fig. 3) showed an overall shunt 
survival of 60% at 1 year, 37% at 10 years, and 29% at 20 
years.

Orbis-Sigma Valve Group
The majority of our population (635 patients) received 

an OSV as the first shunt. The epidemiological charac-
teristics and causes of hydrocephalus in this group are 
reported in Table 6. Survival analysis (Fig. 3) showed 

TABLE 1. Summary of characteristics of the entire pediatric 
population with an initial presentation for hydrocephalus at 
Hôpital Necker-Enfants Malades between 1985 and 1995

Variable No. (%)

Total 975
Sex
  M 532 (54.6)
  F 443 (45.4)
Age at 1st treatment in yrs
  Mean 3.2 ± 4.5
  Max 17.6
  Min 0
Median age at 1st surgery in days 195
Mean follow-up in yrs 11 ± 7.4
Patients w/ term of pregnancy data 694 (71.2)
  Preterm patients 212 (30.5)
Type of treatment
  Shunt 695 (71.3)
  ETV 280 (28.7)
Etiology
  Inflammation 204 (20.9)
  Malformation 239 (24.5)
  Aqueductal stenosis 77 (7.9)
  Tumor 315 (32.3)
  Other 140 (14.4)
Death
  Yes 161 (16.5)
  No 814 (83. 5)

Mean values expressed with standard deviations.

TABLE 2. Characteristics of the pediatric population treated with 
ETV at Hôpital Necker-Enfants Malades

Variable No. (%)

Total 280
Sex
  M 147 (52.5)
  F 133 (47.5)
Age at 1st treatment in yrs
  Mean 5.8 ± 5.2
  Max 17.6
  Min 0
Median age at 1st surgery in yrs 5.1
Mean follow-up in yrs 4.3 ± 5
Etiology
  Inflammation 14 (5.0)
  Malformation 31 (11.1)
  Aqueductal stenosis 61 (21.8)
  Tumor 155 (55.4)
  Other 19 (6.8)
ETV outcome
  Success 204 (72.8)
  Shunt insertion 68 (24.3)
  Repeat ETV 8 (2.8)
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FIG. 1. A: Kaplan-Meier survival curve showing overall survival for the ETV population at Hôpital Necker-Enfants Malades.  B: Ka-
plan-Meier survival curve for the ETV population according to hydrocephalus etiology. Numbers at the bottom indicate the number 
of patients at risk. Figure is available in color online only.
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an overall shunt survival of 70% at 1 year, 58% at 10 
years, and 49% at 20 years. The most common cause of 
mechanical shunt failure was obstruction (50.7%; Table 
7). There was a significant difference (p = 0.04) in shunt 
survival according to the etiology of the hydrocephalus 
(Fig. 4).

Comparison Between the DP and OSV Shunt Groups
Although comparison of the OSV and DP shunt groups 

is interesting, we are aware that the number of DP shunts 
is small as compared with OSV numbers and is confound-
ed by surgeon preference. Therefore, results must be in-
terpreted in light of these limitations. The DP shunts were 
used by surgeons who had joined the neurosurgical team 
during the studied period and were allowed to use the DP 
shunts with which they were familiar.

There were no statistical differences between the DP 
and OSV shunt groups with respect to sex (p = 0.2), age 
at the first treatment (p = 0.5), gestational age at birth (p = 
0.5), and etiology of the hydrocephalus (p = 0.08; Table 6).

Overall shunt survival was statistically different be-
tween the two valve designs (p = 0.009; Fig. 3). Multi-
variate analyses, adjusting for sex, gestational age at birth, 
and age at the first shunt implantation (age < 1 year or ≥ 
1 year), revealed that DP shunts were associated with sig-
nificant worse shunt survival than OSV shunts (HR 1.77, 
95% CI 1.19–2.64). With respect to the etiology of me-
chanical shunt dysfunction (Fig. 5), there was no signifi-
cant difference between the two valve systems except for 
shunt dysfunction due to chronic overdrainage (p = 0.007). 
Moreover, the time to onset of dysfunction was widely 
variable regardless of valve type; for example, ventricu-
lar catheter obstruction occurred much later in the OSV 
group, whereas valve obstruction occurred earlier.

Discussion
Improvement in the management of hydrocephalus is 

one of the many goals of the pediatric neurosurgeon. De-
spite the development of CSF diversion mechanisms from 

TABLE 3. Characteristics of the pediatric population treated with 
a shunt at Hôpital Necker-Enfants Malades

Variable No. (%)

Total 695
Sex
  M 385 (55.4)
  F 310 (44.6)
Age at 1st treatment in yrs
  Mean 2.1 ± 3.8
  Max 13.5
  Min 0
Median age at 1st surgery in days 127
Age 
  <1 yr 481 (69.2)
  ≥1 yr 214 (30.8)
Mean follow-up in yrs 12.5 ± 7.6
Etiology
  Inflammation 190 (27.3)
  Malformation 208 (29.9)
  Aqueductal stenosis 16 (2.3)
  Tumor 160 (23.0)
  Other 121 (17.4)
Shunt type
  VPS 693 (99.7)
  VAS 2 (0.3)
Valve type
  OSV 635 (91.4)
  DP 60 (8.6)
Ventricular catheter insertion side
  Rt 603 (86.8)
  Lt 92 (13.2)
Ventricular catheter position
  Correct 600 (86.3)
  Questionable 95 (13.7)

TABLE 4. Shunt revisions per patient for infection and 
mechanical failure

Shunt Revisions No. of Patients (%)

Due to infection
  0 623 (89.6)
  1 63 (9.1)
  2 8 (1.2)
  3 0 (0)
  4 1 (0.1)
Due to mechanical failure
  0 424 (61.0)
  1 176 (25.3)
  2 49 (7.0)
  3 25 (3.6)
  4 11 (1.6)
  5 3 (0.4)
  6 4 (0.6)
  7 0 (0)
  8 3 (0.4)

TABLE 5. Mechanical complications associated with shunt 
revision

Etiology of Mechanical Failure No. of Patients (%)

Obstruction 127 (46.9)
  Valve 49 (18.1)
  Ventricular catheter 73 (26.9)
  Peritoneal catheter 5 (1.8)
Fracture 32 (11.8)
Migration 38 (14.0)
Improper placement 22 (8.1)
Overdrainage 17 (6.3)
Miscellaneous 11 (4.0)
No evidence of malfunction 24 (8.8)
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as early as the 1950s,17 shunt diversion systems remain as-
sociated with multiple complications.27 Thus, when ETV 
entered the neurosurgical arena, it rapidly gained accep-
tance in the treatment of hydrocephalus.13 While ETV 
was initially confined to the management of aqueductal 
stenosis–induced hydrocephalus, its indications rapidly 
expanded to include hydrocephalus due to other etiolo-
gies.1,28,30 Our results in the ETV group parallel those re-
ported in the literature with excellent success overall but 
highly dependent on etiology. Specifically, success is low 
in the inflammatory etiologies such as postinfectious or 

posthemorrhagic hydrocephalus and high in congenital or 
acquired aqueductal stenosis.4,16

Since their initial development,26 shunt valve systems 
have undergone many iterations aimed at lowering compli-
cations and decreasing the number of shunt revisions. In the 
Hôpital Necker-Enfants Malades, the OSV, a flow-regulat-
ed valve developed by the senior author (C.S.R.) to mini-
mize overdrainage and related complications,21 has been 
used almost exclusively since the 1980s. However, despite 
a European survey reporting a 5-year shunt failure–free 
interval in 62% of cases and a 1.8% rate of overdrainage,8 
the valve had not been conclusively shown to have a design 
that was superior to another.5,11 With previously published 
reports of shunt survival5,7,8,10–12,14,15,18–20,22–25,31 constrained 
by limited patient numbers and short follow-up periods, it 
has been difficult to draw meaningful conclusions.

The present study is one of the largest on treated child-
hood hydrocephalus and has one of the longest follow-up 

FIG. 2. Kaplan-Meier curve showing overall shunt survival in the pediatric population at Hôpital Necker-Enfants Malades. Numbers 
at the bottom indicate the number of patients at risk. Figure is available in color online only.

TABLE 6. Characteristics of the population treated with a DP 
shunt or an OSV shunt at the Hôpital Necker-Enfants Malades

Variable
No. (%) p 

ValueDP Shunt OSV Shunt

Total 60 635
Sex 0.2
  M 29 (48.3) 356 (56.1)
  F 31 (51.7) 279 (43.9)
Age at 1st treatment 0.5
  Mean (yrs) 2.2 ± 3.8 2.1 ± 3.8
  Max (yrs) 15.7 17.3
  Min (days) 5 0
Median age at 1st treatment in days 101.5 127 0.5
Etiology 0.08
  Inflammation 22 (36.7) 168 (26.4)
  Malformation 18 (30.0) 190 (29.9)
  Aqueductal stenosis 2 (3.3) 14 (2.2)
  Tumor 15 (25.0) 145 (22.8)
  Other 3 (5.0) 118 (18.6)

TABLE 7. Details of mechanical shunt complications in the OSV 
shunt population

Cause of Mechanical Failure No. of Patients (%)

Obstruction 113 (50.7)
  Ventricular catheter 64 (28.7)
  Valve 46 (20.6)
  Peritoneal catheter 3 (1.3)
Fracture 22 (9.9)
Migration 32 (14.3)
Improper placement 20 (9)
Overdrainage 10 (4.5)
Miscellaneous 8 (3.6)
No evidence of malfunction 18 (8.1)
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periods (mean 11 years, maximum 28 years). It is the first 
to report a significant difference in favor of the OSV shunt 
with respect to long-term shunt survival (p = 0.009). Fur-
thermore, complications related to overdrainage (that is, 
“delayed” ventricular catheter obstruction) were signifi-
cantly less frequent (p = 0.007), although valve obstruction 

occurred earlier (< 1 year postimplantation) than in the DP 
shunt group (more tolerant to debris in the CSF).

The OSV shunt was specifically designed to obtain this 
result. It accomplishes this by setting the drainage flow 
rate to 20–25 ml/hour, approximating the mean rate of 
CSF secretion.21 It is obvious that in many children, this 

FIG. 3. Kaplan-Meier curve showing overall shunt survival in the different valve groups at the Hôpital Necker-Enfants Malades. 
Numbers at the bottom indicate the number of patients at risk. Figure is available in color online only.

FIG. 4. Kaplan-Meier curve showing shunt survival according to hydrocephalus etiology in the pediatric population treated with an 
OSV shunt. Numbers at the bottom indicate the number of patients at risk. Figure is available in color online only.
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flow rate would be greater than the drainage requirements. 
Therefore, not surprisingly, overdrainage still represented 
4.5% of all complications in the OSV group in our series. 
However, this rate is 50 times smaller than what occurs 
with DP valves.21

In analyzing the different shunt survival curves across 
different series, including our own, one feature remains 
striking—the similar pattern of shunt failure regardless 
of valve type. There is an initial high incidence of failure 
or infection during the first few months following shunt 
implantation,5 mainly related to surgical complications 
(improper placement, questionable ventricular catheter tip 
location, disconnection, and so forth) rather than valve de-
sign. In our study, 13.7% of the ventricular catheters were 
in a “questionable” position and accounted for 8% of all 
shunt complications. In addition, we found that the posi-
tion of the ventricular catheter was significantly associated 
with better shunt survival when the catheter was correctly 
placed (p < 0.001). Improper placement might be avoided 
by using stereotactic or ultrasonography-guided tech-
niques.29 

Valve design contributes to “late” complications (for 
example, proximal obstruction favored by small ventricles 
induced by chronic overdrainage). In our study, the 50% 
rate of shunt survival was reached at almost 18 years in 
the OSV group, in stark comparison with 3.5 years in the 
DP group.

As stated above, this study has one of the longest fol-
low-up periods in a pediatric population with hydrocepha-
lus. The actuarial curve demonstrated a high long-term 
shunt survival rate (49% at 20 years). Such a rate has not 
been previously achieved, with average event-free shunt 
survival in the literature approximating 40% at 10 years.27 
Paulsen et al. reported a much higher rate of shunt revision 
(81%) over a 20-year period.19

Conclusions
This large series of pediatric patients consecutively 

treated for hydrocephalus with a long-term follow-up has 
demonstrated several clear findings. Firstly, ETV is an ef-
fective tool in the management of childhood hydrocepha-
lus. Its success, however, is directly related to the underly-
ing causative pathology. The impact of patient selection 

must be taken into account when analyzing results of this 
technique. Secondly, drainage flow rate control (OSV), in 
the long term, has significantly higher event-free shunt 
survival than the classic pressure control (DP valve sys-
tems without and with add-ons) with a significantly lower 
rate of chronic overdrainage (very small ventricles) and 
subsequent proximal obstructions.

Nonetheless, two remarks must be kept in mind. 1) This 
is a single-center retrospective study, and a Class I trial is 
needed to confirm our results. 2) This is a pediatric study, 
and the results must be verified in the adult population, in 
which the patterns of shunt dysfunction are not exactly the 
same.
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