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Abstract
Purpose Cerebrospinal fluid shunt infection is associated
with patient morbidity and high cost. We conducted a system-
atic review of the current evidence of comprehensive surgical
protocols or individual interventions designed to reduce shunt
infection incidence.
Methods A systematic review using PubMed and SCOPUS
identified studies evaluating the effect of a particular interven-
tion on shunt infection risk. Systemic prophylactic antibiotic
or antibiotic-impregnated shunt efficacy studies were exclud-
ed. A total of 7429 articles were screened and 23 articles were
included.
Results Eight studies evaluated the effect of comprehensive
surgical protocols. Shunt infection was reduced in all studies
(absolute risk reduction 2.2–12.3 %). Level of evidence was
low (level 4 in seven studies) due to the use of historical

controls. Compliance ranged from 24.6 to 74.5 %. Surgical
scrub with antiseptic foam and omission of a 5 % chlorhexi-
dine gluconate preoperative hair wash were both associated
with increased shunt infection. Twelve studies evaluated the
effect of a single intervention. Only antibiotic-impregnated
suture, a no-shave policy, and double gloving with glove
change prior to shunt handling, were associated with a signif-
icant reduction in shunt infection. In a hospital with high
methicillin-resistant staphylococcus aureus (MRSA) preva-
lence, a randomized controlled trial found that perioperative
vancomycin rather than cefazolin significantly reduced shunt
infection rates.
Conclusion Despite wide variation in compliance rates, the
implementation of comprehensive surgical protocols reduced
shunt infection in all published studies. Antibiotic-impregnated
suture, a no-shave policy, double gloving with glove change
prior to device manipulation, and 5 % chlorhexidine hair wash
were associated with significant reductions in shunt infection.

Keywords Cerebrospinal fluid . Ventriculoperitoneal shunt .

Surgical site infection . Quality . Neurosurgery

Introduction

Hydrocephalus is one of the most frequently encountered con-
ditions in neurosurgery, with 70,000 hospital admissions an-
nually in the USA [1]. Using the Nationwide Inpatient Sample
database, Patwardhan et al. estimated approximately 30,000
primary shunt-related procedures in 2000 for the management
of hydrocephalus, contributing $1.1 billion toward health care
spending for that year [2]. Children comprise the majority of
cerebrospinal fluid (CSF) shunt patients, and in 2003, the
pediatric population alone accounted for $1.2 billion and
250,000 in-hospital days [3].

Even though CSF shunts have been refined over decades of
experience, the failure rate can be as high as 40 % by 1 year
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after placement [4]. Infection is the most significant compli-
cation, affecting 8–12 % of patients within 2 years of initial
shunt placement [4–6]. Multiple risk factors for infection ex-
ist, including female gender, young age, etiology of hydro-
cephalus [7], presence of a perioperative CSF leak [8], prema-
ture birth, previous shunt infection [9], hospital volume, and
surgeon case volume [6]. Long-term consequences of infec-
tion include an increased risk of seizure disorder, cognitive
disorders, and other neurologic disabilities, and an increased
mortality rate [8, 9]. Furthermore, there is a greater increase in
length of stay and hospital costs compared to other shunt
complications because management of infection requires at
least two surgical interventions (removal of the existing shunt
system and insertion of a new one after achieving negative
CSF cultures) and intensive antibiotic therapy [10]. Attenello
et al. assessed a cohort of patients in the USAwho developed
shunt infections within 18 months of surgery; the mean hos-
pital cost per shunt infection was close to $50,000 [11].

Given the enormous risk to patients and the health care
burdens associated with CSF shunt infections, additional in-
terventions for risk reduction are necessary. Prior studies have
investigated the role of perioperative antibiotics and, more
recently, antibiotic-impregnated shunts (AIS). A Cochrane
meta-analysis of 15 trials found that perioperative administra-
tion of systemic, prophylactic antibiotics in intracranial ven-
tricular shunt procedures reduced infection (odds ratio (OR)
0.52, 95 % confidence interval (CI) 0.36–0.74) compared to
placebo or no antibiotics [12]. A Cochrane meta-analysis of
two trials found that AIS reduced infection (OR 0.21, 95 % CI
0.08–0.55) compared to standard shunt catheters [12]. A
meta-analysis by Parker et al. comparing AIS versus non-
AIS systems also identified a significant improvement in in-
fection rate (3.3 vs 7.2 %, p<0.0001) [13].

Beyond the use of systemic antibiotics and AISs—which
are widely accepted—many institutions have initiated periop-
erative protocols designed to minimize infection; these take
into account factors such as double gloving, antimicrobial
drapes and sutures, solutions for prepping the surgical site,
and the structure or function of operating room (OR) process-
es or personnel. No analysis has consolidated the findings
from these institution-level studies. This would be of value
to any institution seeking to construct and implement a peri-
operative protocol. To address this, we conducted a systematic
review of the current literature on interventional measures,
beyond systemic antibiotics and AISs, which have been de-
signed to reduce shunt infection rates.

Methods

Inclusion criteria Only studies evaluating the effect of a par-
ticular intervention on the incidence of shunt infection were
included. Studies primarily evaluating external ventricular

drain (EVD) infection were excluded. Non-English articles,
animal and in vitro studies were excluded. There were no
restrictions on publication year or status. For clinical studies
using duplicate data, only the study with the most recent re-
sults were included. Because the efficacy of perioperative pro-
phylactic intravenous antibiotics is no longer controversial,
trials utilizing a control group that did not receive periopera-
tive intravenous antibiotics were excluded [12]. The efficacy
of antibiotic-impregnated shunts (AIS) has been evaluated
extensively in randomized controlled trials, several meta-anal-
yses, and a Cochrane review [12–17]. Therefore, we excluded
studies evaluating the efficacy of AIS compared to non-AIS.

Data collection We searched PubMed and SCOPUS using the
terms Bshunt^ and Binfection,^ which returned 10,602 results
(Fig. 1—PRISMA flow diagram [18]). Abstracts were
screened for relevance, which narrowed the group to 86.
Full text was assessed in the resulting 86 articles for eligibility
criteria, resulting in 23 articles that were included in the final
systematic review. References of full-text articles were
searched for any additional references not identified in the
original search. The search period ended November 25,
2014. Two reviewers conducted data extraction from the 23
articles independently, and results were concordant in all
cases. Strength of evidence of the included articles was
assessed and assigned a score using the Oxford Centre for
Evidence Based Medicine (OCEBM) Level of Evidence 2
classification system (Table 1) [19].

Results

Comprehensive surgical protocols: We identified eight studies
evaluating the effect of comprehensive surgical protocols on
the incidence of shunt infection (Table 2). Seven studies used
historical control groups, and one study had no control group.
Due to the use of historical controls in most studies, the level
of evidence was low: level 3 in one large, multicenter study
and level 4 in the remaining studies. In the seven studies with a
control group, historical infection rate was high (6.4–13.2 %),
and an institutional protocol was developed to decrease shunt
infection. Infection rates were reduced after protocol initiation
in all studies, ranging from 0.17 to 5.7 % (absolute risk reduc-
tion 2.2–12.3%, relative risk reduction 33.8–97.4%, Table 2).
Only three studies provided statistical comparisons between
cohorts, and significant reduction in shunt infection was found
in two of these studies (Table 2) [20, 21, 25].

The earliest reported implementation of a surgical protocol
was by Welch et al. (level 4 evidence) in 1979 [27]. Their
protocol required glove change prior to handling of the shunt
and multiple levels of antibiotics (intravenous, intrathecal,
intrashunt, and antibiotic irrigation). In 1992, Choux et al.
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(level 4) evaluated 1197 surgeries under a different protocol
involving preoperative povidone-iodine hair wash with no
shaving, repeat hair wash on postoperative day 1, and irriga-
tion of the shunt with gentamicin intraoperatively [26]. The
protocol also standardized the time of day of shunt cases,
duration, and composition of OR personnel. The resulting
infection rate of 0.17 % was also the lowest infection rate
observed among all of the protocol studies. Subsequently,

other groups have modified the Choux protocol and observed
reductions in shunt infection, albeit not to rates as low as those
reported by Choux et al. Modifications of the Choux protocol
have included the following: opening the implant just prior to
use [21], postoperative IV vancomycin [24], and excluding
the use of Holter valves [23].

The remaining three studies assessing comprehensive sur-
gical protocols were prospective in design. These protocols
adopted several key elements of the Choux protocol, with
individual study modifications, such as morning scheduling
and limiting OR traffic, 5 % chlorhexidine gluconate preoper-
ative hair wash followed by 5 % chlorhexidine alcohol skin
prep, use of Ioban™ (3 M, St. Paul, MN) drapes, double
gloving (followed by removal of the outer glove for catheter
opening and manipulation), opening of the abdomen first,
Bno-touch^ policy in which contact of implants with gloves
and skin edges was avoided (otherwise implants were re-
placed), injection of vancomycin/gentamicin into the shunt
reservoir, and closing of the cranium first. Of note, the studies
by Kestle et al. and Pirotte et al. did not allow AIS catheters
during the study period [22, 25], whereas in the trial by
Hommelstad et al., AIS catheters were used in patients con-
sidered Bhigh risk^ [20]. Furthermore, of the eight protocol-
based studies, only the three prospective studies reported the
proportion of surgeries demonstrating adherence to all com-
ponents of the protocol. Hommelstad et al. (level 4) reported
the lowest compliance, 24.6 %, and demonstrated, on

Fig. 1 PRISMA flow diagram [18]

Table 1 Oxford Centre for Evidence-Based Medicine 2011 Levels of
Evidence for Intervention Studies

Levela Study description

1 Systematic review of randomized trials or n-of-1 trials

2 Randomized trial or observational study with dramatic effect

3 Nonrandomized controlled cohort/follow-up studyb

4 Case-series, case-control studies, or historically controlled studiesb

5 Mechanism-based reasoning

a For levels 1–4, level may be graded down on the basis of study quality,
imprecision, indirectness, because of inconsistency between studies, or
because the absolute effect size is very small; level may be graded up if
there is a large or very large effect size
b As always, a systematic review if generally better than an individual
study

NOTE: table adapted fromOCEBMLevels of Evidence Working Group.
BThe Oxford 2011 Levels of Evidence.^ Oxford Centre for Evidence-
Based Medicine. http://www.cebm.net/index.aspx?o=5653
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multivariate analysis, that only noncompliance with preoper-
ative hair wash with 5 % chlorhexidine gluconate had a trend
toward an association with shunt infection (p=0.051) [20].
Kestle et al. (level 3) had the highest compliance at 74.5 %;
on multivariate analysis, they identified that surgical scrub
with antiseptic foam was associated with shunt infection [25].

Single variable intervention studies We identified 12 stud-
ies—none of which were multicenter—that evaluated the ef-
fect of a single intervention on the incidence of shunt infection
(Table 3). Multiple studies addressed preparation of the surgi-
cal field. Hirsch et al. (level 3) demonstrated a three-fold re-
duction in infections with the use of a plastic cell isolation
system [39]. Both Horgan et al. (level 4) and Ratanalert
et al. (level 3) evaluated the effect of eliminating the practice
of shaving, which led to a reduction in infection rates in both
studies, with the latter demonstrating significant between
group differences [36, 37]. A prospective, nonrandomized
study by Haliosis et al. (level 3) compared Ioban™ with plain
surgical drapes. The only two cases of infection occurred with
plain drapes, but the sample size was too small to demonstrate
significance differences between groups [28].

Other studies assessed intraoperative factors. In Tulipan
et al. (level 4) and Rehman et al. (level 4), implementation
of double gloving—and removing the outer glove prior to
implant handling in the latter study—resulted in significant
reductions in infection rates compared with historical controls
[31, 35]. Faillace et al. (level 4) implemented a Bno touch^
policy (described previously) and additionally separated skin
and shunt instruments to reduce contamination, resulting in a
three-fold reduction in infection (p=0.058), but may have
been inadequately powered [38]. Two studies examined
wound irrigation. Theophilus et al. (level 2) noted that a
methicillin-containing solution yielded an 11.1 %
(nonsignificant) absolute reduction in shunt infection com-
pared to saline without antibiotics [29]. Hayashi et al. (level
3) found that irrigation with saline or an amikacin-containing
solution yielded significant and similar reductions in infection
when compared with no irrigation at all [30].

With regards to wound closure, Rozzelle et al. (level 1), in a
randomized, controlled, double-blinded trial, observed that
triclosan-impregnated antimicrobial sutures compared to
polyglactin sutures (Vicryl™, Ethicon, Somerville, NJ) for
closure of the galea resulted in a significant reduction in in-
fection rate (4.3 vs 21.1 %, p=0.038) [33]. Eyman et al. (level
3) compared skin closure with Dermabond® (Ethicon,
Somerville, NJ) alone to standard nonabsorbable suture and
found an absolute reduction in shunt infection of 17 % with
Dermabond® but did not provide any statistical analysis [32].

Nonstandard antibiotic prophylaxis Three studies were iden-
tified that investigated nonstandard options for antibiotic pro-
phylaxis (Table 4). Tacconelli et al. (level 1) found thatT
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perioperative prophylaxis with intravenous vancomycin, com-
pared to cefazolin, significantly reduced shunt infection rate in
a hospital known to have a high methicillin-resistant
Staphylococcus aureus (MRSA) prevalence [40]. Ragel
et al. (level 3), in a single-center, retrospective analysis, found
that a surgeon who used IT gentamicin and vancomycin had a
reduced infection rate (0.4 %) compared to surgeons that used
either IT gentamicin alone (5.4 %) or no IT antibiotics (6.6 %)
[41]. No statistics were provided for these analyses. In Nejat
et al. (level 1), use of ceftriaxone or sulfamethoxazole-
trimethoprim was associated with similar rates of postopera-
tive infection [34].

Discussion

Shunt infection represents a major complication with signifi-
cant patient morbidity and an associated large, and potentially
largely preventable, cost. To our knowledge, this is the first
systematic review that examines the effect of interventions de-
signed to reduce shunt infection, outside of studies describing
AISs and systemic antibiotic prophylaxis. Overall level of evi-
dence was low in studies utilizing comprehensive protocols.
While every study observed a decrease in infection rate, few
studies demonstrated significance. Only noncompliance with
preoperative 5 % chlorhexidine gluconate hair wash (p=
0.051) and surgical scrub with antiseptic foam (p=0.01) were
associated with shunt infection in the studies reviewed. In the
single-variable intervention studies, only double gloving, with a
glove change prior to implant handling, antimicrobial suture, or
a no-shave policy were associated with a statistically significant
reduction in shunt infection. Although systemic prophylactic
vancomycin decreased shunt infection compared with
cefazolin, the study was performed in a hospital with a high
prevalence of MRSA, and it is unclear if the effects would be
similar in a hospital with average or lower MRSA prevalence.

This study has limitations. First, the study design of the
comprehensive protocol studies limits the scientific validity
of their results. All studies with control groups used historical
controls. In these centers, infection rate was noted to be high,
leading to the construction and implementation of surgical
protocols to reduce infection. As such, the participating sur-
geons and OR personnel are subject to the Hawthorne effect;
study participants are more likely to alter their behavior know-
ing that prior infection rates were high and compliance and
outcomewere being closelymonitored [42]. In addition, given
that most protocols implemented more than one variable, it is
difficult to determine which variables actually may have led to
the reduction in shunt infection. Prospective, randomized,
controlled studies assessing each intervention separately—or
a few interventions grouped together—are needed to further
our understanding of the optimal protocols to prevent shunt

infections. Because of the heterogeneity of study methods and
intervention variables, no summary statistics could be reason-
ably derived from the results of this systematic review. Last,
six of seven comprehensive protocol studies specifying pop-
ulation age were limited to the pediatric population.
Therefore, the results of these studies might not be generaliz-
able to the adult hydrocephalus population. Conversely, many
of the single variable intervention studies included both pedi-
atric and adult patients.

While we have focused on the literature studying infection
in shunt surgery, data from studies evaluating infection in
craniotomy or general surgical literature may be applicable
to shunt surgery. One area of contention in the neurosurgical
community is the practice of hair removal; while some argue
that this improves visualization and optimizes skin closure,
there is no evidence to suggest that hair sparing increases
infection rates [43, 44]. However, if hair removal is per-
formed, clipping is associated with a lower infection rate than
shaving with razors [45]. Two studies in our review demon-
strated higher infection rates with shaving compared to no
shaving, but hair clipping was not specifically evaluated.

The choice of surgical preparation solutions has been in-
vestigated by multiple groups. Darouiche et al. conducted a
randomized trial across 6 hospitals in 849 patients comparing
chlorhexidine-alcohol with povidone-iodine for clean-
contaminated non-neurosurgical surgery [46]. They observed
a statistically significant reduction in superficial and deep
wound infections in the chlorhexidine-alcohol group. A
meta-analysis by Noorani et al. reported similar benefits of
chlorhexidine-alcohol for non-neurosurgical preoperative an-
tisepsis in clean-contaminated wounds [47]. A recent
Cochrane meta-analysis suggested that alcohol-based solu-
tions may be the most effective at preventing surgical site
infection in clean surgery [48]. Interestingly, in the present
systematic review, we noted that chlorhexidine-based prep
was integrated into several comprehensive and single-
variable protocols. One study further identified that noncom-
pliance with 5 % chlorhexidine-gluconate hair wash was as-
sociated with increased infection [20]. Due to the underpow-
ered nature of some studies, the effect of skin surgical prep as
an independent variable could not be fully ascertained.

Given the heterogeneity of studies captured through our
systematic review, as well as individual habits and practices,
it is not surprising that current practices to control infection
rates following shunt surgery remain variable. A 2009 Web-
based survey given to pediatric neurosurgeons who were
members of the American Association of Neurological
Surgeons and the Congress of Neurological Surgeons re-
vealed wide variation in both knowledge and use of certain
interventions [49]. For example, intraventricular antibiotics
were used by 27 % of respondents while antibiotic-
impregnated sutures were used by 14 out of the 59 respon-
dents who were familiar with them. In reviewing other
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surgical factors, 62 % of those surveyed used double gloving,
90 % limited shunt contact with skin, and 45 % handled shunt
components only with instruments. The only universally ap-
plied intervention was perioperative systemic antibiotic pro-
phylaxis, either with vancomycin or a cephalosporin.With the
emergence of higher quality studies in recent years and
through systematic consolidation of the literature, as in the
current review, we hope that practice patterns in reducing
shunt infection will become more standardized and evi-
dence-based.

Conclusion

To our knowledge, this is the first systematic review of studies
evaluating the effect of interventions to reduce shunt infection,
beyond the accepted use of intravenous, perioperative antibi-
otics and AISs. The use of surgical scrub with antiseptic foam
and the omission of a 5 % chlorhexidine gluconate preopera-
tive hair wash were both associated with an increase in shunt
infection. Only antibiotic-impregnated suture, a no-shave pol-
icy, and double gloving with glove change prior to shunt han-
dling, significantly reduces the incidence of shunt infection.
For hospitals with high MRSA prevalence, use of periopera-
tive intravenous vancomycin rather than cefazolin significant-
ly reduces shunt infection. This analysis will aid institutions
that seek to design and implement a surgical protocol or adopt
surgical practices aimed at reducing the incidence of shunt
infection.
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