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Introduction

Formany patientswith hydrocephalus, the primarymanage-
ment option is the implantation of a VP shunt as an effective
cerebrospinal fluid (CSF) diversion technique shunting the
CSF from the cerebral ventricles to the peritoneal cavity. The
management of pediatric hydrocephalus is more challen-

ging, and the reported rates of shunt obstruction and infec-
tion are high. 1–3 Nonetheless, this is the procedure of choice
for treating infants because its success rate is greater than
that for endoscopic third ventriculostomy (ETV).4 Despite
having a lower incidence of short-term failure than ETV,
long-term complications of VP shunting are more frequent,
and failure results in high rates of morbidity and mortality.5
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Abstract Objectives Ventriculoperitoneal (VP) shunting is commonly used to treat pediatric
hydrocephalus, but failure rates are high. VP shunt failure in children is mostly caused
by infection and/or proximal/distal shunt obstruction. However, to our knowledge, no
previous reviews have discussed this topic using only clinical studies when age-related
data could be obtained. This systematic review aimed at reevaluating what is already
known as themost common causes of shunt failure and to determine the incidence and
causes of VP shunt failure during the first 2 years of life as a step to establish solid
evidence-based guidelines to avoid VP shunt failure in infants.
Methods We performed a search using the search terms “Cerebrospinal Fluid Shunts”
(Medical Subject Headings [MeSH]) AND failure [All Fields] AND (“humans” [MeSH]
AND English [lang] AND “infant” [MeSH]). Only articles that specifically discussed VP
shunt complications in children < 2 years were included.
Results We found that the most common causes of VP shunt failure in children < 2
years were shunt obstruction and infection, both observed in a range.
Conclusion VP shunt failure is very common in infants, mostly resulting from
obstruction and infection. Future studies should focus on methods designed to avoid
these complications or on alternative treatments for hydrocephalus.
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Many factors may contribute to shunt failure in infants
and subsequently to poor outcomes. First, several factors
predispose infants to shunt failure including prematurity,
low birth weight (< 1,500 g), infection, and abnormal levels
of total leukocyte count, red blood cells, proteins, andglucose
in the CSF before shunt insertion.6,7 Second, after shunt
implantation, failure can result from obstruction of the
ventricular or peritoneal end of the shunt, infection, shunt
fracture, shunt migration, or overdrainage. Infants are more
vulnerable to fatal outcomes as a result of shunt failure than
older children and adults. The surgical technique, postopera-
tivewound care, type of shunt used, and general condition of
the infant all contribute to the success rate of the shunt
procedure and survival.

It is common sense that VP shunt failure in children is
most commonly caused by infection and/or proximal/distal
shunt obstruction. However, to our knowledge, no previous
review has discussed this issue using the specific criteria
included in this study. This systematic review aimed at
reevaluating what is already known as the most common
causes of shunt failure and to determine the incidence and
causes of VP shunt failure during the first 2 years of life as a
step to establish solid evidence-based guidelines to avoid VP
shunt failure in infants.

The German Academic Exchange Service has funded a
project to develop evidence-based guidelines for the pre-
vention of VP shunt failure among infants.8 As part of this
project, we performed a systematic review of the current
literature to identify the incidence of VP shunt failure during
the first 2 years of life and the most common causes of
failure.

Methods

The outline of our search strategy was planned with refer-
ence to the Preferred Reporting Items for Systematic review
and Meta-Analysis for Protocols. We limited our search of
the/Medline database to studies published in English
through 2015 in which the patients were infants ranging
in age from birth to 23months.We used the following search
terms (►Fig. 1) from/Medline:

1. “Cerebrospinal fluid shunts” [Medical Subject Heading]
2. Number 1 AND “failure” [All]: 1,378
3. Limit to humans: 1,366
4. Limit to English: 1,287
5. Limit to infants aged 0 to 23 months: 491

We applied the following inclusion criteria to the search
results: children <2 years of age who experienced VP shunt
failure. We excluded reviews, systematic reviews, and meta-
analyses, as well as studies that did not report quantitative
data regarding complications. Only articles that specifically
analyzed the target issues were included.

A total number of 462 articles were excluded after
abstract reading. Those articles were irrelevant to the target
question of our study, or the age group <2 years was not
clearly identified, or the number of patients was not suffi-
cient as we excluded case reports. Studies that did not focus

on VP shunt failure, such as those with ventriculoatrial/
ventriculopleural shunts and any type of shunt other than
VP shunt, were excluded. Any study with mixed-age groups
in which the age group <2 years is not specified was
excluded.

We generated a list of titles from all the included studies,
and two independent groups of researchers performed cri-
tical reviews to evaluate all abstracts. Studies that did not
provide answers to the target questions were excluded. For
each study, any conflicting opinions between the two groups
were resolved by consensus after analyzing the complete
study (not only the abstract). Case reports, studies evaluating
a single shunt type that reported a conflict of interest with
the manufacturer, and studies with poor evidence and small
sample sizes for the relevant patient groups were excluded.

Results

The search yielded 29 studies that provided answers to the
target questions. We subsequently reevaluated their
abstracts and excluded seven of them either due to irrele-
vance to the study topic or absence of clear data required in
our inclusion criteria such as the exact age group or the type
of CSF shunt. Next, the two independent groups thoroughly
evaluated the full text of the remaining 22 studies through
critical analysis of each one, ultimately excluding 16 for the

Records iden�fied
through database

searching
= 1,378

Records screened =
491

Abstracts
reevaluated for
eligibility = 29

Studies included for
full-text evalua�on

= 22

Studies ul�mately
included = 6

Table 1

Studies excluded
a�er reading the
full text = 16

Full-text ar�cles
excluded according
to the present
criteria = 7

Records excluded
due to irrelevance
by reading the
abstract = 462

Fig. 1 Tabular flow chart of the review process.
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reasons just mentioned. Thus six studies were included in
the final analyses (►Fig. 1).

These six studies were recorded in a master table
(►Table 1) constructed to facilitate data review and analysis.
The study type and a summary of thefindings can be seen for
each article. Analysis of the datawasperformed, and then the
conclusion and final recommendations for future research
were generated based on the strength of the data.

Shannon et al9 reviewed 237 patients < 6 months of age
at the time of shunt implantation. Of those patients, 130
experienced shunt failure (54.85%)within a follow-up period
of 2 years. Most shunt failures were caused by infection or a
proximal obstruction. The incidence of failure was greater in
children < 3 months of age at the initial VP shunt insertion
and in children who weighed < 2 kg at the initial insertion.

Beez et al10 examined shunt failure in 36 patients < 1
year of age. Twenty-three patients (64%) experienced shunt
failure.

As a special entity of shunt placement, Garber et al3 com-
pared the survival of patients who received a fourth ventricle
shunt placed via transtentorial or suboccipital stereotactic
approaches. They found that shunts failed in 82.8%. The causes
were proximal obstruction (51.7%), infection (17.2%), or distal
obstruction (13.8%). Thiswas thehighest failure rate identified
in our review and highlights the impact of poor entry points
and shunt-tip locations on VP shunt outcome.

Miranda et al2 studied VP shunt obstruction in 103
patients with posthemorrhagic hydrocephalus and found
that 42 VP shunts (40.8%) developed an initial proximal
obstruction within 120 months of follow-up, 8 of these
had a previous shunt infection of a total of 13 shunt infec-
tions (12.62%), and 34 cases had obstruction without a
previous infection.

Turhan et al11 studied 38 newborns < 1 year of age in
whom multiple shunt malfunctions were reported. Shunt
infection was the most frequently reported cause of failure
(19 failures), followed by distal obstructions (14 failures),
proximal obstruction (13 failures), and four valve malfunc-
tions and four pseudocysts. Total migration of the shunt was
reported twice, and two trapped ventricles (one lateral
ventricle and one fourth ventricle), two subdural hemor-
rhages, one shunt disconnection, and one shunt with incor-
rect placement of the ventricular catheter were also
reported. These malfunctions required one revision in 28
cases, two revisions in 6 cases, three revisions in 4 cases, and
four revisions in 1 case.

Bakhsh et al1 studied 100 infants < 1 year of age includ-
ing 75 cases of congenital hydrocephalus and 25 cases of
post-pyogenic hydrocephalus. Shunt failure was caused by
either an infection or obstruction. Fourteen patients pre-
sented with infection (14%): four patients with acute shunt
infection, four cases of wound dehiscence and exposure of
shunt material, and six cases with necrosis of the skin in the
neck and upper chest overlying the shunt tube). Ten patients
had shunt obstruction (10%), five within the first year and
five within the second year postoperatively.

Our review confirmed, that the most common causes of
ventriculoperitoneal (VP) shunt failure in children < 2 years

were shunt obstruction and infection. Obstruction was
observed in a range starting from 10%,1 reaching 40.8% in
shunts for posthemorrhagic hydrocephalus2 and 51.7% in
fourth ventricular shunts.3 Infection was observed in 12.6 to
17.2% of VP shunt implants.

Discussion

We started our study with a global screening of literature for
studies focused on VP shunt failure. With every step of our
research, we read each single abstract for the possibility of
beneficial data for this systematic review. Finally we found
that 22 abstracts, and performed a full-text reading after
which we excluded 16 more studies and finally included 6
studies.

It was challenging to exclude some of the most impor-
tant studies that provided strong evidence regarding VP
shunt failure. As mentioned, we wanted to remain focused
on the inclusion criteria we agreed on, so we included only
studies of VP shunt failure in children < 2 years of age.
Our aim was to analyze whether the failure rates that
occur overall in children are the same as those of children
< 2 years.

An example of studies excluded during abstract reading is
the study of Simon et al, “Risk Factors for First Cerebrospinal
Fluid Shunt Infection: Findings from a Multi-center Prospec-
tive Cohort Study.”12 In spite of the significance of this study,
it focused only on first time failure due to infection whose
results would negatively affect our review.

Another example of the high-quality studies we excluded
after a full-text reading is Notarianni et al, “Congenital
Hydrocephalus and Ventriculoperitoneal Shunts: Influence
of Etiology and Programmable Shunts on Revisions.”13 This
study used the median age with no clear data on age on
implantation and the follow-up period.

Likewise, in the study by Kulkarni et al, “Outcomes of CSF
Shunting in Children: Comparison of Hydrocephalus Clinical
Research Network Cohort with Historical Controls,”14 the
incidence of VP shunt failure in the age group < 2 years
could not be clearly identified, and the study was subse-
quently excluded.

Likewise, the study by Riva-Cambrin et al, “Risk Factors for
Shunt Malfunction in Pediatric Hydrocephalus: A Multicen-
ter Prospective Cohort Study.”15 was excluded, because they
analyzed together subduro-peritoneal shunts to treat sub-
dural hygromas and VP shunts.

(►Table 2) shows the 16 studies excluded after full-text
reading,

Finally, we analyzed the six studies that met all of our
inclusion criteria, and, as expected, shunt obstruction and
infection were the most common causes of VP shunt failure
in infants < 2 years. Premature infants had a higher risk of
shunt failure.10 Intraventricular hemorrhage (an underlying
cause of hydrocephalus), a younger age, and a lower weight
at the time of initial shunt placement were shown to be
directly correlated with an increased risk of VP shunt fail-
ure.3,10 On the other hand, the case series reported by
Miranda et al2 indicated that rates of shunt obstruction in
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preterm-related post-hemorrhagic hydrocephalus was high
but did not seem to be higher than in other groups with
pediatric hydrocephalus.2

The current study review confirms what has become
common sense that most VP shunt failures are actually
caused either by obstruction or infection, rather than by
other causes of shunt failure such as valve problems, migra-
tion, or disconnection.

This study also approves what is well recognized by
pediatric neurosurgeons that talking about shunt failure
mostly involves the patients in the first year of life, at which
the alternativemanagementmethods such as ETValso have a
remarkable failure rate.

Further studies for the most common complications
detected in this review are warranted. Shunt failure due to
inadequate peritoneal absorption capacity in infants, as well
as proximal obstruction, would be themost important issues
to be covered in further clinical studies.16–22

Conclusions

The risk of shunt failure is highest during the first year after
implanting a VP shunt, particularly in premature infants
and infants during their first year of life. Many factors
have a direct impact on shunt malfunction, among which
mechanical obstruction and shunt infection were the most
frequent.

All types ofmechanical problemswere reported including
proximal obstructions, distal obstructions, disconnections,
disruptions, and valve-related problems. Shunt failure was
more frequent due to proximal or distal obstruction than
valve dysfunction. Ongoing and future studies of shunt fail-
ure should focus on independently avoiding the two major
causes of shunt failure that this review has identified.
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