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Object. The objective of this systematic review and meta-analysis was twofold: to answer the question “What is
the evidence for the effectiveness of prophylactic intravenous antibiotics for infection prevention in shunt surgery?”
and to make treatment recommendations based on the available evidence.
Methods. The US National Library of Medicine PubMed/MEDLINE database and the Cochrane Database of
Systematic Reviews were queried using MeSH headings and key words relevant to prophylactic antibiotic use in children undergoing a shunt operation. Abstracts were reviewed to identify which studies met the inclusion criteria. An
evidentiary table was assembled summarizing the studies and the quality of evidence (Classes I–III). A meta-analysis
was conducted using a random-effects model to calculate a cumulative estimate of treatment effect using risk ratio
(RR). Heterogeneity was assessed using chi-square and I2 statistics. A sensitivity analysis was also conducted. Based
on the quality of the literature and the result of the meta-analysis, a recommendation was rendered (Level I, II, or III).
Results. Nine studies (4 Class I, 3 Class II, and 2 Class III) met our inclusion criteria. Of 7 randomized controlled
trials (RCTs), 3 were downgraded from Class I to Class II because of significant quality issues, and all RCTs were
potentially underpowered. In only 2 Class III retrospective cohort studies were preoperative antibiotic agents found
to be protective against shunt infection. When data from the individual studies were pooled together, the infection rate
in the prophylactic antibiotics group was 5.9% compared with 10.7% in the control group. Using a random-effects
model, the cumulative RR was 0.55 (95% CI 0.38–0.81), indicating a protective benefit of prophylactic preoperative intravenous antibiotics. A sensitivity analysis of RCTs only (n = 7) also demonstrated a statistical benefit, but an
analysis of higher-quality RCTs only (n = 4) did not.
Conclusions. Within the limits of this systematic review and meta-analysis, administration of preoperative antibiotic agents for shunt surgery in children was found to lower the infection risk (quality of evidence: Class II; strength
of recommendation, Level II).
Recommendation: The use of preoperative antibiotic agents can be recommended to prevent shunt infection
in patients with hydrocephalus. It was only by combining the results of the various underpowered studies (metaanalysis) that the use of preoperative antibiotics for shunt surgery in children was shown to lower the risk of shunt
infection. Strength of Recommendation: Level II, moderate degree of clinical certainty.
(http://thejns.org/doi/abs/10.3171/2014.7.PEDS14326)
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erebrospinal fluid shunting procedures are among
the most common procedures performed by pediatric neurosurgeons, but infection remains a challenging complication to prevent. Care of patients with
infected shunts often requires prolonged hospitalization,
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long-term intravenous antibiotic administration, and multiple surgical procedures; therefore, it comes as no surprise that shunt infections are among the most expensive
implant-related complications to treat, with an annual estimated total cost of $100–250 million.3,15,35 The clinical
consequences of a shunt infection include seizures, psychomotor retardation, reduced intelligence quotient, and
increased mortality.13,22,25,32,37,39
The rate of shunt infection reported varies considerably in the literature, but in recent studies the incidence
typically ranges from 5% to 15%, with rates typically
higher in high-risk groups such as preterm neonates and
patients recently treated for shunt infection.28,33,34,36,42
Evidence of a shunt infection often manifests within 2
months after surgery. Infections are typically caused by
gram-positive opportunistic pathogens that colonize the
skin of the patient such as coagulase-negative Staphylococcus, S. epidermidis, and S. aureus.28
The administration of preoperative antibiotic agents,
typically those providing gram-positive coverage such as
a first-generation cephalosporin, nafcillin, clindamycin,
or vancomycin, has been demonstrated or is assumed to
lower the infection rate for all major cranial and spinal
neurosurgical procedures.4–6 Numerous studies, including
3 meta-analyses,21,24,29 have investigated the use of preoperative antibiotics as prophylaxis against shunt infection,
both for adult and pediatric patients. Many of the original
trials date back to the 1980s, and it is one of the few areas
in neurosurgery in which there is an abundance of randomized controlled trials (RCTs).
Currently, the use of prophylactic antibiotics for
shunt surgery is almost ubiquitous but not uniform. Biyani et al.9 conducted a survey study in which they asked
pediatric neurosurgeons to detail their use of prophylactic
antibiotics. All 45 respondents indicated that they used
antibiotics; however, there was notable variability in the
choice of drug (first-generation cephalosporins [n = 23],
second-generation cephalosporins [n = 10], naficillin/oxacillin [n = 4], vancomycin [n = 3], clindamycin [n = 1],
amoxicillin [n = 1], or mixed protocols [n = 3]); the timing of drug delivery (in the department before transfer to
the operating room [n = 5], upon arrival at the operating
room [n = 11], at induction of anesthesia [n = 13], or at
initial skin incision [n = 16]); and the duration of drug
delivery (single dose [n = 13], 24-hour administration [n
= 26], 48-hour administration [n = 2], or administration
longer than 48 hours [n = 4]). Surgeons also tended to
modify their protocols for certain “high-risk” patients.
The purpose of this evidence-based review is to critically examine data on the use of preoperative prophylactic antibiotics in children undergoing shunt surgery.

Methods
Search Terms

We searched the US National Library of Medicine
PubMed/MEDLINE database and the Cochrane Database of Systematic Reviews for the period from January
1966 to March 2012 using the MeSH subject headings
and the following PubMed search terms: 1. (“Cerebrospi-
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nal Fluid Shunts”[MeSH] OR “shunt systems” OR (“cerebrospinal fluid” AND (shunt* OR catheter*))); and then
1 AND (infection OR infections OR “shunt infection”)
AND (“Anti-Bacterial Agents”[MeSH] OR (antibiotic
OR antibiotics)) AND (prophylaxis OR prevention OR
protective).
Search Strategy

We reviewed the retrieved articles’s titles and abstracts to identify studies addressing the rate of shunt
infection in patients treated with preoperative antibiotic
agents compared with those treated with no prophylaxis.
Uncontrolled studies were excluded, as were studies that
evaluated intrathecal antibiotics. In all papers, the authors must have stated that the only variable that changed
was the administration of perioperative antibiotics; all
other aspects of the surgery and technique remained
unchanged. In addition, the authors must have provided
details regarding their prophylaxis protocol—drug(s),
dosage, and timing of administration before and, if applicable, after surgery.

Meta-Analysis

For each study, we identified the number of infections
in the group of patients who were treated by antibiotics as
well as in the group of patients who did not receive prophylactic antibiotics (control group). We then computed
the risk of an infection for the treatment group relative to
the control group, yielding a risk ratio (RR). An RR less
than 1 is indicative of protection against infection for prophylactic antibiotics. The overall RR was computed using
the method of DerSimonian and Laird.17
We conducted a random-effects meta-analysis of the
selected studies. A random-effects model—as opposed
to a fixed-effects model—assumes the measure of association (that is, the RR) varies around an overall average
treatment effect. A random-effects model yields a more
conservative estimate of the summary effect. We assessed heterogeneity by way of the chi-square test of heterogeneity and the I2 statistic, in which the former returns
a chi-square distributed test statistic and corresponding
p value and the latter returns a value bound between 0%
and 100%, with higher values denoting increasing heterogeneity. We regarded a chi-square test of heterogeneity p
value less than alpha = 0.10 and an I2 value in the range of
30% to 60% as suggestive of moderate heterogeneity.14,16
We performed a sensitivity analysis by repeating the
meta-analysis using only RCTs and then further by examining only the higher-quality RCTs. An examination of
publication bias was not conducted, because the number
of studies included in this analysis was not large enough
to provide adequate power (i.e., fewer than 10 studies).
Search Results

Our search identified 177 articles; another 7 articles
were found through a search of the articles’ bibliographies
(Fig. 1). One hundred sixty-two articles were excluded
based on a review of the abstract. Twenty-two full-length
papers were reviewed, of which 13 were rejected for the
following reasons: studies either enrolled only adults or
45
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Fig. 1. Flowchart showing the selection of studies for inclusion in the review and meta-analysis.

separate results for children were not provided;8,10,19,31,41
there was no comparison group;2 prophylactic antibiotic
use was part of a shunt surgery protocol, and thus more
than one variable was conceivably being altered;23,38 clinical shunt infection was not used as the outcome;7 no details regarding the prophylaxis used were provided;32 a
variety of antibiotics was used (that is, there was no standardization of the prophylaxis protocol);44 or data specific
to shunt surgery were not available.12,43 Therefore, 9 articles satisfied inclusion criteria for this systematic review
and meta-analysis (Table 1).1,11,18,20,26,27,30,39,40

Results
The review process identified 4 Class I, 3 Class II,
and 2 Class III studies. Seven of the 9 papers described
RCTs, but there were notable methodological shortcomings and incomplete studies as detailed below. The primary outcome of interest—shunt infection—was defined
by the authors of the individual studies but in general included signs and symptoms of a shunt malfunction or infection with an organism cultured from the CSF or shunt
apparatus, purulence from the shunt wound(s), or abdominal fluid/pseudocyst in a patient after a recent shunt surgery. Some investigators also deemed that a patient had
an infection if there were highly suggestive findings such
as fever, redness along the shunt, or CSF pleocytosis in
the absence of positive cultures. Among the studies, there
46

was variability in which antibiotics were tested, their
administration relative to the skin incision, and whether
the patient received postoperative antibiotics. The only
constant feature was that the children in the study groups
all received preoperative antibiotics of some kind and at
some time interval prior to skin incision. Overall, only 2
studies found that preoperative antibiotics were protective
against shunt infection.
Seven RCTs met our inclusion criteria, but 3 of these
were downgraded to Class II quality because of serious
flaws, typically lack of information about issues such as
blinding, randomization sequence generation, and allocation concealment.11,18,27 The trial by Blum et al.11 showed
no difference in the infection rate with a relatively small
number of patients. The treatment group consisted of 50
patients who received preoperative cefazedone (50 mg/kg
at the time of induction). The trial had significant flaws,
specifically: follow-up was limited to only 8 weeks; the
randomization sequence was poor (based on the patient’s
date of birth); there was no attempt at blinding or allocation concealment; and although the authors mentioned
“placebo” in the introduction, no details of it were provided in the methods. The trial by Djindjian et al.18 was also
poorly reported, and thus we downgraded it to a Class II
study. Oxacillin was administered at a dose of 200 mg/
kg/day beginning with induction and completing 6 doses
in 24 hours. Only 19 of the 60 patients were subcategorized into an age group of younger than 6 years of age,
which qualified for our analysis. The infection rate in the
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TABLE 1: Preoperative antibiotics: summary of evidence
Authors &
Year

Data Class,
Quality, & Reasons

Study Description

Walters et
al., 1992

20 mg/kg rifampin & 5 mg/kg trimeClass I
thoprim given orally 2 hrs preop, 8 hrs RCT, double-blinded, placebo given.
postop, & again every 8 hrs for 48 hrs.

McCullough
et al.,
1980

25 mg/kg methicillin given immediately
before transport to operating room,
1 dose after exposing the shunt or
cannulating the ventricle, & 6 postop
doses given every 6 hrs.

Results & Conclusions

Treatment Group: 14 of 155 (9%); Control
Group: 22 of 145 (15%). No statistically
significant difference. Trial terminated
early because of a higher than anticipated infection rate in both groups.
Wang et al., 25 mg/kg sulfamethoxazole & 5 mg/
Class I
Treatment Group: 4 of 55 (7.3%); Control
1984
kg trimethoprim given w/in 1 hr of
RCT, double-blinded, placebo given.
Group: 5 of 65 (7.7%). No statistically
surgery & 8 & 16 hrs postoperatively.
significant difference.
Rieder et al., 25 mg/kg cephalothin given in operating Class I
Treatment Group: 2 of 32 (6%); Control
1987
room before incision & 3 times postop, RCT, double-blinded, placebo given.
Group: 3 of 31 (10%). No statistically
once every 6 hrs.
significant difference.
Haines &
12.5 mg/kg methicillin every 6 hrs begin- Class I
Treatment Group: 2 of 35 (5.7%); Control
Taylor,
ning 6 hrs before surgery, at induction RCT, no indication of blinding, placebo given.
Group: 5 of 39 (12.8%). No statistically
1982
of anesthesia, & up to 72 hrs postop.
significant difference.
Treatment Group: 3 of 50 (6%); Control
Blum et al.,
50 mg/kg cefazedone given at time of
Class II
1989
induction.
RCT, single-blinded, use of placebo mentioned
Group: 7 of 50 (14%). No statistically
significant difference.
in introduction, but no details provided in
methods. Significant flaws in sequence
generation & allocation concealment.
Djindjian et
200 mg/kg/day oxacillin for a total of 6
Class II
Treatment Group: 1 of 9 (11%); Control
al., 1986
doses (24 hrs), 1st dose given upon
RCT, but no methodology details provided by
Group: 1 of 10 (10%). No statistically
insertion of intravenous therapy in
authors such as sequence generation, alsignificant difference.
operating room.
location concealment, blinding, etc.
Odio et al.,
15 mg/kg vancomycin hydrochloride 1 hr Class II
Treatment Group: 3 of 18 (17%); Control
1984
before surgery & again 6 hrs later.
RCT, double-blinded, placebo given, but no
Group: 4 of 17 (24%). No statistically
methodology details provided by authors
significant difference. Trial terminated
such as sequence generation, allocation
early because of adverse reactions to
concealment, blinding, etc.
vancomycin.
Ajir et al.,
50 mg/kg methicillin given in operating
Class III
Treatment Group: 3 of 66 (4.5%); Control
1981
room before incision.
Retrospective cohort.
Group: 8 of 105 (7.6%). Preoperative
antibiotics were protective against
infection.
Class III
Retrospective cohort.

treatment group was 11% (1 of 9), compared with 10% (1
of 10) in the control group.
Two trials were terminated prematurely.27,39 Odio et
al.27 stopped their trial early because of adverse drug reactions. The authors also failed to provide important details on their methodology; thus we downgraded the trial
to Class II. The trial was a multiinstitution double-blind
placebo-controlled study. Vancomycin hydrochloride (15
mg/kg) was given as a 60-minute intravenous infusion
approximately 1 hour before surgery and again 6 hours
later. In infants younger than 7 days of age, the interval
between doses was 12 hours. Follow-up was 7–12 months
after surgery. Only 37 patients were enrolled, 20 in the
vancomycin group and 17 in the placebo group. The authors excluded 2 patients from the analysis because they
received only 1 dose of vancomycin hydrochloride (there
J Neurosurg: Pediatrics / Volume 14 / November 2014

Treatment Group: 6 of 223 (2.7%); Control Group: 17 of 212 (8%). Preoperative antibiotics were protective against
infection.

were adverse reactions to the first dose). Overall, the infection rates were 17% (3 of 18) and 24% (4 of 17 patients)
for the vancomycin and placebo groups, respectively. The
trial was stopped early because adverse reactions to vancomycin were observed in 7 (35%) of 20 patients.
Walters et al.39 conducted a randomized, doubleblind, placebo-controlled trial of perioperative oral rifampin–trimethoprim antibiotic treatment (20 mg/kg
rifampin and 5 mg/kg trimethoprim given 2 hours preoperatively, 8 hours postoperatively, and again every 8 hours
for 48 hours) in 243 patients who underwent 300 CSF
shunting procedures. Patients were stratified into one of 4
groups: de novo shunt insertions in patients without spina
bifida, de novo shunt insertions in patients with spina bifida, shunt revisions in patients previously enrolled in the
trial, and shunt revisions in patients who had not been pre47
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Fig. 2. Preoperative antibiotics forest plot for all studies in the meta-analysis.

viously entered into the trial. After stratification, patients
were then randomized into treatment or control groups
by using a block randomization schema of 4 patients at
a time for a given stratum. Patients were monitored for a
minimum of 2 years; and the clinicians assessing the patients and the microbiologists examining the specimens
were both blinded to which treatment had been received.
Patients who received antibiotics had an infection rate of
12%, whereas those who received placebo had an infection rate of 19%. With respect to all surgical procedures (n
= 300), the rates of infection were 9% (14 of 155) and 15%
(22 of 145) for the antibiotic-treated and control groups,
respectively. The trial was terminated early because the
rates of infection in both groups were substantially higher
than the rates of infection prior to the start of the study.
No statistically significant difference in rates of infection
was found between the two groups evaluated.
The other 3 Class I studies also found no difference
in rates of infection. Wang et al.40 performed a randomized, double-blind, placebo-controlled study with intravenous sulfamethoxazole and trimethoprim (25 mg/kg sulfamethoxazole and 5 mg/kg trimethoprim given within 1
hour of surgery and then 8 and 16 hours postoperatively)
in 120 patients who underwent ventriculoperitoneal (VP)
shunt surgery. Patients were not stratified into subsets,
and the mean follow-up was 11 months. The incidence of
48

infection was virtually the same in the antibiotic-treated
group (7.3% [4 of 55]) and the control group (7.7% [5 of
65]). Although the authors concluded that the results of
their study did not support the use of prophylactic antibiotics, the low rate and small sample size may have obscured
a true difference between the groups (Type II error).
Rieder et al.30 reported their results from another
double-blind, placebo-controlled RCT in which cephalothin (25 mg/kg cephalothin administered prior to incision followed by 3 postoperative doses every 6 hours) was
used in 63 patients undergoing elective VP shunt insertion. Patients were not stratified to subsets, and follow-up
was limited to 3 months. The infection rate was 6% (2
of 32) in the treatment group and 10% (3 of 31) in the
placebo group, a difference that was not significant. This
study was also limited by the small sample size and the
possibility of a Type II error. The final RCT that met
our inclusion criteria was conducted by Haines and Taylor.20 This was a double-blind, placebo-controlled study
of methicillin (12.5 mg/kg every 6 hours administered 6
hours prior to surgery, at induction of anesthesia, and for
72 hours postoperatively) in 74 patients who underwent
elective VP shunt placement. Thirty-five patients were in
the methicillin group and 39 were in the placebo group.
The methicillin group had more previous shunt infections
and intercurrent infections than the placebo group, but
J Neurosurg: Pediatrics / Volume 14 / November 2014
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Fig. 3. Preoperative antibiotics forest plot for RCTs in the meta-analysis.

the placebo group had more shunt revisions. The mean
follow-up was 6 months. The infection rate was 5.7% (2 of
35) for the methicillin group and 12.8% (5 of 39) for the
placebo group, a nonsignificant difference.
Our search also identified 2 retrospective cohort observational studies (Class III). Ajir et al.1 retrospectively
analyzed the cases of 171 patients who underwent VP
shunt procedures over a 6-year period. One hundred five
patients did not receive antibiotics; 66 received methicillin
(50 mg/kg) after induction of anesthesia and before skin
incision. Interestingly, follow-up was limited to a maximum of 6 weeks after surgery. The study stratified patients
into those in whom a new shunt was placed and those who
received shunt revision. The infection rate was 4.5% (3 of
66) in the treatment group, with all infections arising in the
new shunt placement subset. The infection rate was 7.6%
(8 of 105) in the control group, with an equal number of infections (n = 4) in each of the subsets. Although methicillin
seemed to prevent infections only in cases of shunt revision
surgery, the overall difference in infection rates was statistically significant, and the authors concluded that a single
bolus of methicillin was warranted for shunt surgery.
In another retrospective study, McCullough and colleagues26 evaluated 257 infants and children who underwent 435 shunt operations at some point during a 9.5-year
period. The authors compared 212 procedures in the first
4 years, during which patients did not receive preoperaJ Neurosurg: Pediatrics / Volume 14 / November 2014

tive antibiotics, and 223 procedures in the next 5.5 years,
in which patients received preoperative methicillin (25
mg/kg with 1 dose before transport to the operating room,
1 dose after exposing the shunt or cannulating the ventricle, and 6 postoperative doses every 6 hours). Patients
were not stratified, and the length of follow-up was not
reported. The infection rates were 2.7% (6 of 223) in the
treatment group and 8% (17 of 212) in the control group,
a statistically significant protective benefit.
Meta-Analysis Results

There were 674 shunt operations without prophylactic antibiotics and 72 infections, yielding a pooled infection rate of 10.7%. In the treatment groups, there were 38
infections associated with 643 operations, for an overall
infection rate of 5.9%. Thus, the absolute and relative risk
reductions were 4.8% and 44.9%, respectively. The overall RR was 0.55 (95% CI 0.38–0.81), indicating a reduction in the risk of shunt infection with administration of
prophylactic preoperative antibiotics (Fig. 2). No significant heterogeneity was detected (I2 = 0.0%).

Sensitivity Analysis

We conducted a sensitivity analysis in which we examined only the 7 RCTs; the overall RR was 0.62 (95%
CI 0.40–0.96) with no heterogeneity observed (I2 = 0.0%)
49
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Fig. 4. Preoperative antibiotics forest plot for higher-quality RCTs.

(Fig. 3). Next, we examined just the 4 superior RCTs by
performing a sensitivity analysis, and although the risk
ratio remained protective, it was no longer statistically
significant (RR = 0.63; 95% CI 0.38–1.04) (Fig. 4). The
test of heterogeneity remained nonsignificant (I2 = 0.0%).

Conclusions

Recommendation: The use of preoperative antibiotic
agents can be recommended to prevent shunt infection in
patients with hydrocephalus. It was only by combining
the results of the various underpowered studies (metaanalysis) that the use of preoperative antibiotics for shunt
surgery in children was shown to lower the risk of shunt
infection. Strength of Recommendation: Level II, moderate degree of clinical certainty.
Given the available literature that met our inclusion
criteria, the use of preoperative antibiotics for shunt surgery in children has not been shown to reduce the risk of
developing a shunt infection. Nine trials, including 7 randomized controlled trials (RCTs), were critically evaluated. There were significant limitations and methodological flaws within the trials, most notably the potential to
commit a Type II error (that is, failing to reject a false null
hypothesis or, in other words, failing to detect a true therapeutic effect) because of inadequate power among the trials. Therefore, we conducted a meta-analysis to overcome
50

the lack of power within many of the trials. Only with the
meta-analysis did we demonstrate a protective benefit of
preoperative antibiotics. This held true when we evaluated
only the RCTs (n = 7), but lacked statistical significance
when only the higher-quality RCTs (n = 4) were analyzed.
The results of this systematic review and meta-analysis are,
however, unlikely to spur further investigative trials within
the United States, as the unwillingness of pediatric neurosurgeons to withhold prophylactic antibiotics from patients
receiving shunts would be a monumental and insurmountable barrier (that is, a lack of clinical equipoise).
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