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Abstract Infections of cerebrospinal fluid (CSF) shunts re-
main a common surgical complication causing significant
morbidity in children with hydrocephalus. As most of the
literature regarding these infections includes only small co-
horts from a single institution’s experience, there remain large
knowledge gaps and little support for the prevailing manage-
ment strategies. Regarding the microbiology of shunt infec-
tions, little has changed in the past 10 years, other than the
emergence of methicillin-resistant strains of coagulase-
negative staphylococcus (CoNS) and Staphylococcus aureus,
which remain the two predominant etiologic agents. Molecu-
lar diagnostics such as multiplex PCR have been used to
identify the complex microflora of shunt infections and in
the future could prove a useful adjunct for early diagnosis
and targeting of antimicrobial therapy. Antibiotic-impregnated
catheters for use in external ventricular drains and CSF shunts
have been adopted into clinical practice and appear to reduce
the risk of shunt infection by susceptible organisms.
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Introduction

In the early 1950s, a pediatric neurosurgeon named Eugene
Spitz, with the help of John Holter, a patient’s father, developed
the use of cerebrospinal fluid (CSF) shunts and revolutionized
the treatment of hydrocephalus [1]. Ventriculoperitoneal (VP)
shunts, the most common type used presently, serve to bypass
obstructions in CSF circulation by diverting CSF directly to the
peritoneal cavity. An estimated 40,000 such shunts are placed
annually in the USA [2].

After more than 60 years of widespread use, infection
remains a substantial complication of CSF shunting proce-
dures. Approximately 8—10 % of all shunts placed become
infected, resulting in thousands of shunt removals, replace-
ments, and significant morbidity and mortality [3—5]. Despite
the high incidence of CSF shunt infections, there remain no
universal guidelines as to their management and significant
variation in practice is found between institutions. Recent
studies challenge the traditional treatment modalities through
the use of adjunctive intraventricular antibiotics, shortened
antibiotic courses, or use of antibiotics such as linezolid,
which may better penetrate biofilms. Other research has cen-
tered on preventing infectious complications through stan-
dardized protocols directing perioperative technique and the
use of antibiotic-impregnated catheters. This article will re-
view the evolving microbiology of CSF shunt infections as
well as the most recent evidence on the prevention and man-
agement of these challenging infections.

Challenges to the Study of CSF Shunt Infections

Literature on CSF shunt infections consists primarily of small
retrospective cohort studies examining infection rate, risk
factors for infection, pathogens identified, and occasionally
outcomes from a single institution. There is a paucity of large,
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multi-center, and prospective randomized studies in children.
It is therefore difficult to estimate the true incidence of CSF
shunt infection, let alone make recommendations regarding its
management.

Reported rates of CSF shunt infection between institutions
vary greatly, due to different definitions used for shunt infec-
tion, different lengths of surveillance, and different patient
populations and age groups studied as well as a variety of
factors intrinsic to the study site. In one recent multi-center
study of 41 US children’s hospitals, the CSF shunt infection
rate ranged widely by hospital from 4.1 to 20.5 %. After
adjusting for a collection of significant patient, hospital, and
surgeon factors, the range narrows to between 8.8 and 12.8 %
per patient. This indicates that much of the variability lies in
the presence of known patient risk factors such as younger
age, number of previous shunt revisions, and intraventricular
hemorrhage (IVH) as the cause of hydrocephalus [5, 6].

The small size and heterogeneity of the pediatric
patient population make it difficult to sufficiently power
any prospective studies comparing interventions aimed
at prevention and treatment of shunt infections. A few
meta-analyses and multi-center reviews have sought to
combine the experience of smaller institutions to help
answer questions such as the efficacy of antibiotic-
impregnated systems (AIS) [7e, 8, 9, 10e°].

Pathogenesis and Risk Factors

It is traditionally accepted that most CSF shunt infections
result from colonization of the shunt at the time of surgery.
This conclusion is supported by both the timing of most shunt
infections, which most commonly occur in the first few
months following surgery, as well as the predominant isola-
tion of causative microorganisms that are found to colonize
the skin. This theory is supported by recent studies. In one
retrospective cohort of 333 CSF shunt placements in children
from Korea, 51.4 % of infections took place within 1 month of
insertion and 91.4 % occurred within 3 months [11]. Of shunt
infections in a series from Turkey, 71.4 % occurred within
4 months of shunt insertion [12].

Early identification and treatment of CSF shunt infections
can reduce morbidity and mortality. This requires an under-
standing of the most common presenting clinical signs and
symptoms of shunt infections and of the risk factors that help
define the population at risk. Several of these risk factors for
cerebrospinal fluid shunt infections are summarized in Table 1.
A high index of suspicion is required for identifying VP shunt
infections, as they can often be occult. Fever is almost univer-
sally present; however, more specific signs such as seizures,
neurologic changes, or local inflammation may only be pres-
ent in 30-40 % of cases [11, 12]. In cases of infections caused
by low-virulence organisms such as Staphylococcus
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Table 1 Risk factors associated with infection of cerebrospinal fluid
shunts and external ventricular drains

CSF Shunt Infection Risk Factors
Shunt placement under 1 year of age®
Hydrocephalus resulting from hemorrhage®
Previous shunt revisions®
Ventriculoatrial or complex initial shunt®
EVD Infection Risk Factors
Length of EVD placement beyond 10 days®
Longer hospital stay®
Higher maximum EVD drainage®

dLeeetal [11]
®Simon et al. [13]
¢ Simon et al. [14]
9Kim et al. [15]

¢ Topjian et al. [16]

epidermidis, fever may be absent or low grade and lethargy
may be the most common presenting sign, reflecting progres-
sive shunt malfunction. Many laboratory tests have been
evaluated for use in screening patients for VP shunt infections.
In one series of 92 shunt infections, 98 % of cases had an
elevated C-reactive protein (CRP), defined as >3 mg/L, indi-
cating that a normal value may be useful in ruling out shunt
infections [17].

Risk factors for shunt infection identified in the Korean
cohort include post-hemorrhagic hydrocephalus and age
<1 year at time of insertion [11]. Shunts placed in the first
12 months of life also had the highest complication rate in a
study of children in Kosovo, supporting previous reports that
show children, especially infants, are more likely than adults
to develop CSF shunt infections [18]. This is most likely due
to immaturity of the infant immune system and skin barrier
and a higher density of bacteria colonizing the skin in neo-
nates admitted to the intensive care unit [19, 20].

Past studies have identified previous shunt infection and
shunt revision as risk factors for CSF shunt infection, again
supporting the theory of contamination at the time of surgery.
A recent study of repeated shunt infections in children report-
ed that of those who develop a second shunt infection, 60 and
47 % will go on to develop a third and fourth shunt infection,
respectively [21¢]. In virtually all of these instances, multiple
shunt hardware revisions are involved. Another look at the
risk of infection following CSF shunt revision revealed a
significantly higher risk of infection after revision when com-
pared to the risk at initial placement (HR 3.0, 95 % CI 1.9-4.7)
that increased with the number of revisions [13]. This creates a
frustrating cycle of shunt infection or malfunction requiring
revision, which can then be complicated by re-infection. A
retrospective review of 64 pediatric patients who had VP
shunts placed at the University of Rochester Medical Center
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from 1990 to 1996 showed that over the ensuing 20 years of
follow-up, 84.5 % required one or more shunt revisions, 9 %
of which were because of infection [22].

Traditional Microbiology

As previously noted, the microbiology of cerebrospinal shunt
infections follows closely along the lines of bacteria that are
likely to contaminate or colonize the shunt at the time of
placement. Table 2 summarizes some of the larger studies in
an attempt to illustrate some of the consistencies in microbi-
ology isolates found in studies across decades and continents.
In nearly every study, Staphylococcus species are the predom-
inant isolates obtained. This likely reflects their role as prom-
inent skin flora. CoNS have proven to be the most common
pathogen accounting for nearly 75 % of infections in some
series. These bacteria are the prototype for device-related
infections secondary to their ability to create a biofilm on the
catheter material that is able to evade the immune system and
antimicrobials. Gram-negative bacteria are the next most com-
mon group of pathogens isolated. The presence of these
bacteria most likely represent colonization from the intensive
care setting as well as their role as common pathogens in the
neonatal period. The finding of other classifications of other
skin-colonizing bacteria such as diphtheroids and anaerobic
bacteria is somewhat more variable. This may be a result of
inconsistent culturing practices as well as variable antibiotic
prophylaxis practices during the neurosurgical procedure.
There have been occurrences of VP shunt infections in-
volving more than one organism. One major source of these
polymicrobial infections is the gastrointestinal tract. In some
cases, the distal end of the shunt catheter has been reported to
perforate the bowel and result in contamination and infection
of'the peritoneal end of the catheter [30]. A major clue that this
may have occurred is the microbiology of these infections.

CSF cultures growing enterobacteriaceae and anaerobes such
as Bacteroides fragilis should prompt clinicians to consider an
enteric source of VP shunt infection and evaluate for the
presence of a perforated viscus.

Current Trends in Management

Although there are no universally accepted guidelines for the
management of CSF shunt infections, most cite the results of a
meta-analysis by Schreffler et al., which pooled available data
on therapy and outcomes from case reports, case series, and a
single randomized control trial [31, 32]. The most conserva-
tive practice involved immediate removal of the shunt follow-
ed by placement of a temporary external ventricular drain
(EVD) or use of serial ventricular taps and intravenous (IV)
antibiotics with or without intraventricular antibiotics. This
intervention was compared to immediate shunt replacement
with IV antibiotics, again with or without intraventricular
antibiotics; and both were compared to the use of IV antibi-
otics without shunt replacement. The most conservative ap-
proach emerged as the superior modality with a cure rate of
88 %, compared to 64 % in the immediate shunt replacement
group and only 34 % of those who received antibiotics alone.
To date, most non-surgical management approaches of CSF
shunt infections have not been successful, most likely due to
the ability of the most common pathogens to form biofilms on
the shunt hardware, which limit antibiotic penetration [17].
The authors concluded that this approach of shunt removal
followed by temporary CSF divergence using EVD would be
the most effective method of CSF shunt infection treatment as
long as the rate of EVD infection remained low [31]. A survey
of 84 pediatric neurosurgeons demonstrated that approximate-
ly 2/3 practice shunt removal with EVD placement as first-line
management of cerebrospinal fluid shunt infections; however,
the same survey demonstrated marked variability in the

Table 2 Microbiological

etiology of cerebrospinal fluid Source CoNS  S.aureus  Gram-neg  Streptococcus ~ Other  Multiple  Sterile
shunt infections, by rods including
proportion (%) of isolate Enterococcus
Leeetal. [11] 46 23 8.6 3 6 11.5
Von Der Brelie etal. [17] 38 5 7 12 38
Turgut et al. [12] 22 24 16 5 3 16 30
Tuan et al. [21¢] 56 19 7 11 10
Odio et al. [23] 44 27 19 2 8
Enger et al. [24] 78 11 11
Ronan et al. [25] 17 30 24 2
Kontny et al. [26] 57 4 7 36 14
CoNS coagulase-negative Mancao et al. [27] 48 24 10 7
Staphylococcus McGirt et al. [28] 53 26 9 4 4
In several studies, more than one Wang et al. [29] 24 24 26 45 2 19

pathogen was identified
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duration of antibiotic treatment, ranging from 2-21 days of
treatment from the first sterile culture for staphylococcal
species and 2-37 days for infections with a gram-negative
bacillus [33].

While there is little doubt about the morbidity associated
with CSF shunt infections, the mortality associated with them
is less clear. Some of the best data can be gleaned from the
meta-analysis described above. In comparing the treatment
groups, the conservative therapy group that underwent remov-
al of the shunt and temporary CSF diversion experienced a
5.7 % mortality rate. Those who received antibiotic therapy
with no surgical intervention had 20.4 % mortality rate. It
should be noted, however, that a selection bias could be
present, as the patients who did not undergo a surgical proce-
dure may have been unusually complex with co-morbidities
making them poor surgical candidates. Finally, the literature
reminds us that infection alone is a predictor for morbidity and
mortality. In Tuli’s review of 907 patients who received shunts
over 10 years, the greatest predictor of death was the presence
of infection with a hazard ratio of 1.66 [34].

Duration of systemic antibiotic treatment varies greatly,
usually based on the organism isolated and how quickly the
CSF becomes sterile. In this area, there are also no controlled
prospective randomized trials comparing different regimens.
In general, with common organisms such as CoNS, antimi-
crobial therapy is continued for 7-10 days after CSF cultures
are negative before re-shunting, with some advocating for a 2—
5-day interval off of antimicrobials before replacing the shunt
to insure clearance of the infection [17, 35]. For more virulent
and difficult to clear organisms such as S. aureus or gram-
negative bacilli, recommendations range anywhere from 10 to
21 days of antimicrobial therapy following negative cultures
before re-shunting [35, 36]. The length of time during which
the shunt is externalized while the patient receives systemic
antimicrobial therapy must be weighed against the significant
risk of retrograde infection from the external ventricular drain,
which increases with duration of ventriculostomy placement
and approaches 5-8 % [37].

Perhaps no topic is more controversial than the use of
intraventricular antibiotics as an adjunct therapy in the treat-
ment of shunt infections. Several groups have demonstrated
more rapid sterilization of the CSF and excellent overall
treatment success rates with shorter durations of antimicro-
bials through a more aggressive approach using adjunctive
intraventricular antimicrobials in addition to shunt externali-
zation and intravenous antimicrobials [38, 39]. Historically,
there is only one multi-center randomized controlled study
evaluating the use of intraventricular antibiotics in pediatric
patients. This study examined the role of intraventricular
gentamicin in the treatment of neonatal meningitis due to
gram-negative enteric bacilli, mostly Escherichia coli and
Salmonella species. This study was terminated early second-
ary to higher mortality rates in the intraventricular antibiotic
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group [40]. Later analysis of the CSF from these patients
noted higher levels of endotoxins and interleukin-1 beta con-
centrations in the CSF of the patients who received intraven-
tricular antibiotics versus those who received intravenous
antibiotics alone [41]. Other antibiotics have been associated
with complications when administered intraventricularly. Re-
ports of toxicity with cefazolin and nafcillin administration
make the use of intraventricular beta-lactam antibiotics less
acceptable [42, 43]. Conversely, more recent data suggests
that intraventricular antibiotics may play a role in the treat-
ment of shunt infections. James et al. reports on the develop-
ment and deployment of a protocol that combines administra-
tion of intraventricular antibiotics for 2 weeks with intrave-
nous antibiotics for 3 weeks for the management of compli-
cated shunt infections. The authors report that when intraven-
tricular antibiotics were used in combination with complete
removal and replacement of the shunt, they achieved both
short and long-term microbiologic and clinical cure in 25
consecutive patients with no morbidity attributable to the
intraventricular antibiotics [39, 44]. Our group has had limited
experience with the use of intraventricular antimicrobials, but
reserve them for use in cases in which shunt removal is not
possible or when CSF cultures have failed to clear with use of
intravenous antimicrobials alone.

Emerging Microbiological Trends

The most common etiologic agents isolated from recent stud-
ies of CSF shunt infections are listed in Table 2 and remain
largely unchanged from those traditionally reported. CoNS
and S. aureus remain the predominant shunt infection patho-
gens isolated. However, the emergence of methicillin-resistant
S. epidermidis (MRSE) (at rates reported between 70-80 % of
all CoNS in some institutions) in addition to methicillin-
resistant S. aureus (MRSA) is a significant trend and should
be considered when choosing initial empiric antimicrobial
therapy [11, 17].

In the past 10 years, the increased use of anaerobic
culture techniques and prolonged incubation time have
led to the increased recognition of diphtheroids, such as
Propionibacterium acnes, as common pathogens responsi-
ble for shunt infection, causing as many as 17 % of shunt
infections in one series [45, 46]. It has been suggested by
some investigators that CSF cultures should be incubated for
up to 10 days in order to grow fastidious organisms or those
exposed to antibiotics prior to collection [47]. Fungal infec-
tions of cerebrospinal fluid shunts, especially Candida spp.,
remain rare, but have been rising, especially in patients with
known risk factors for invasive fungal infection such as
broad-spectrum antibiotic use, prematurity, immunocompro-
mised state, steroid use, and indwelling bladder and central
venous catheters [48].
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Molecular diagnostics such as polymerase chain reaction
(PCR) are being investigated as potential diagnostic tools for
identifying pathogens in shunt infections. One early study of
86 CSF samples from shunts in adults found that out of 56
PCR-positive specimens, 42 had sterile cultures. Most of these
culture-negative samples occurred after antibiotic use. P. acnes
and S. aureus were the most commonly isolated pathogens by
PCR [49]. A recent study utilized 16S rRNA gene amplifica-
tion to evaluate the microbiota of CSF shunt infections in
eight children. In addition to the usual bacterial pathogens,
they were able to identify a large variety of bacterial and
fungal organisms that were not recovered by conventional
culture, some of which persisted after antimicrobial treatment.
This highlights the importance of obtaining anaerobic and
fungal cultures of CSF and utilizing prolonged incubation
times to increase detection of shunt pathogens as well as a
significant trend toward the use of molecular diagnostics in
this field [50¢].

Current and Investigational Therapies
Antimicrobial Therapy

Empiric antimicrobial therapy for CSF shunt infections should
include agents that have bactericidal activity against the most
common pathogens isolated as previously discussed and
which possess the ability to penetrate into the central nervous
system. Traditional use of anti-staphylococcal penicillins for
empiric staphylococcal coverage and perioperative prophy-
laxis has been replaced by the use of vancomycin due to rising
rates of MRSE and MRSA. Not surprisingly, the use of
vancomycin was associated with a 20 % higher treatment
success rate than the use of flucloxacillin in a recent study of
CSF shunt infections from a center with a MRSE rate of 68 %

[17]. Initial empiric antimicrobial therapy for CSF shunt in-
fections should also include broad coverage for gram-negative
bacilli, including Pseudomonas spp., with an agent such as
ceftazidime, cefepime, or meropenem, depending on the pa-
tient’s own history and institutional prevalence of extended
spectrum beta-lactamase-producing organisms. Table 3 in-
cludes suggested management techniques and antibiotic
choices based on the organism isolated.

Although a complete shunt system removal is preferred in
the management of CSF shunt infections, there are situations
in which the patient cannot tolerate surgery to remove the
shunt. Successful non-surgical treatment of CSF shunt infec-
tions with linezolid has been reported [51]. This prompted a
look at the in vitro action of this drug, and other commonly
used first-line antibiotics, on biofilms. Linezolid was shown to
eliminate the biofilms of MRSE and MRSA at drug levels
achievable by intravenous or oral administration. Vancomycin
also showed lasting effects against staphylococcal biofilms,
but only at the higher concentrations achievable by intraven-
tricular administration. Neither drug however was effective
against the biofilms of Enterococcus faecalis or Enterococcus
faecium [2]. Although more clinical experience is necessary,
the use of linezolid and/or intraventricular vancomycin may
be useful alternative therapies for clearing shunt infections
when surgery is not an option or adjuncts for use when CSF
cultures remain persistently positive.

Operative Management

As the management of CSF shunt infections involves invasive
surgery to remove the shunt and long courses of antibiotics,
much research has been appropriately focused on developing
institutional standardized protocols to prevent shunt coloniza-
tion during its initial placement, targeting such practices as
hand-washing, preoperative preparation of the patient’s head,

Table 3 Common pathogens and management techniques of CSF device infections

Bacteria Predisposing conditions

Surgical management

Antibiotic therapy”

S. aureus Recent surgery

Newborns/prematurity

Coag.-neg. Staph/diphtheroids Recent surgery
Newborns
Indolent presentation

Pseudocyst presence

P acnes

VP shunts

Intensive care settings
Bowel perforation
Pseudocyst presence
Bowel perforation

Gram-negative bacilli

Anaerobic bacteria

Externalization/removal

Vancomycin, cefazolin or

nafcillin/oxacillin
Externalization/removal Vancomycin
Externalization Penicillin®

Distal shunt removal
Cyst drainage
Externalization/removal removal

Third-generation cephalosporins
of the distal shunt

Repair of perforation

Cyst drainage

Removal of the distal shunt
Repair of perforation

Metronidazole,
piperacillin/tazobactam

# Systemic antibiotic duration is variable and lacks literature support. Please refer to the text under the section on “Current Trends in Management”

° Arnell et al. [46]
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double-gloving, and minimal handling of the shunt catheter,
among others. In a small study from Saudi Arabia, the simple
practice of double gloving and removing the outer set of
gloves before handling the shunt demonstrated a statistically
significant reduction in CSF shunt infection rate, from 16.33
to 3.77 % (P=0.046); however, there was an alarmingly high
infection rate in the control group [52]. A study by the Hy-
drocephalus Clinical Research Network (HCRN) at four pe-
diatric hospitals demonstrated a 36 % relative risk reduction in
CSF shunt infection rates, from 8.8 to 5.7 % (P=0.003),
through the institution of an 11-step protocol that standardized
key components of CSF shunt placement, such as hand-
washing technique, patient positioning, preoperative hair
washing, and use of antibiotic-impregnated sutures [53¢].

Traditional practice for shunt reinsertion following an in-
fection is to avoid the ventricular entry site that became
infected and create a new shunt track. However, in a review
of recurrent shunt infections in one institution, reusing recent-
ly infected ventricular entry sites carried the same risk of re-
infection as switching to a new entry site [54]. Efforts to
improve surgical technique and the practices surrounding
shunt placement are integral to infection control and minimiz-
ing surgical shunt infections, and more research into this area
of practice is needed.

Antibiotic-Impregnated Catheters

One of the most-studied interventions to prevent CSF shunt
infections in recent years has been the use of antibiotic-
impregnated systems (AIS). In 2003, catheters impregnated
with rifampicin plus either clindamycin or minocycline or
with silver nanoparticles were introduced for use in EVD
and CSF shunts, with the hopes of preventing bacterial colo-
nization and infection. The release of antibiotics from these
catheters into the lumen and surrounding tissues can last for
approximately 50 days, which covers the period of highest
risk for post-operative shunt infection. In preliminary in vitro
and animal studies, these materials were shown to reduce

catheter colonization [10+°]. The outcomes of the largest, most
significant studies evaluating the use of AIS in preventing
EVD and VP shunt infections are summarized in Table 4.
One of the first, albeit small studies, to evaluate the use of
antibiotic-impregnated shunt (AIS) systems in humans dem-
onstrated a significant decrease in shunt infections with staph-
ylococci organisms, with 10 present in the control group
compared to none in the AIS group (P=0.038) [56]. A pro-
spective, double-blinded, randomized, controlled trial in
adults compared plain catheters used for external ventricular
drains (EVD) to those impregnated with silver. The risk of
CNS infection in the silver group was 42.5 % lower than that
of the plain EVD group (21.4 % vs 12.3 %, P=0.043) [55¢°].
A prospective observational study of AIS at King’s College
Hospital in pediatric and adult patients demonstrated a com-
paratively low infection rate of 3.2 %, including only 4 infec-
tions from among 125 shunt placements. All four infections
were with rifampicin-resistant S. epidermidis, implying a se-
lection of antibiotic resistant strains [57]. The largest set of
data on the use of antibiotic-impregnated shunts in pediatric
patients comes from a multi-center prospective observational
study from three sites in the U.K.. The researchers compared
infection rates in patients receiving antibiotic-impregnated
shunts to historical controls with traditional shunts. Although
the pooled data from the three sites demonstrated a signifi-
cantly lower infection rate in the group receiving antibiotic-
impregnated shunts (OR 0.60, 95 % CI 0.38-0.93), the con-
fidence intervals from the individual sites had significant
overlap [7¢]. Several groups have reported lower infection
rates with the use of antibiotic-impregnated catheters, but
many studies are underpowered to show a significant differ-
ence or used historical controls instead of randomized con-
trols, making them vulnerable to bias. Others used AIS com-
bined with minimal handling protocols or other bundled in-
terventions, and although these studies showed reductions in
CSF shunt infections, it is difficult to independently evaluate
the contribution of the AIS [58]. Although the collective
evidence for a beneficial role of AIS in preventing shunt

Table 4 Studies comparing EVD and VP shunt infection rates between AIS and non-AIS

Source Year Description Outcome
published
Ratilal et al. [8] 2006 Meta-analyses of 17 trials, 2,134 participants AIS were associated with a decrease in shunt infections
(OR 0.21, 95 % CI1 0.08-0.55)

Steinbok et al. [9] 2010 Prospective non-randomized registry of 10 sites, 440 3.6 % absolute risk reduction in shunt infections in the
participants AIS group, which was not statistically significant

Kandasamy et al. [7¢] 2011 Meta-analysis of 3 sites, 581 AIS procedures compared AIS associated with a decreased odds of developing a
to 1,963 historical non-AlIS procedures shunt infection (OR 0.60, 95 % CI 0.38-0.93)

Thomas et al. [10e¢] 2012 Meta-analysis of 12 studies, 3,284 participants, adult and Statistically significant difference favoring AIS, RR 0.37,
pediatric patients CI10.16-0.86, P=0.02

Keong et al. [55¢¢] 2012 Double-blind, prospective, RCT of silver-impregnated ~ 42.5 % relative risk reduction, 9.1 % ARR, in EVD

EVD versus plain EVD, 2 sites, 325 participants infection in the silver EVD group (P=0.04)

@ Springer



Curr Infect Dis Rep (2014) 16:427

Page 7 of 9, 427

infections is promising, well-designed, adequately powered,
double-blinded, randomized control trials are necessary before
their benefit can be confirmed.

Conclusions

CSF shunt infections remain a significant and challenging
complication in children with hydrocephalus. Although im-
provements in surgical technique, perioperative antibiotic pro-
phylaxis, and early recognition and treatment of these infec-
tions have resulted in lowered infection rates and associated
morbidity, CSF shunt infection rates remain unacceptably
high. The microbiology of these infections is well established,
but has been impacted by the emergence of multi-drug-
resistant pathogens such as MRSE and MRSA. Molecular
diagnostics, such as multiplex PCR, will likely play an in-
creasing role in rapid and comprehensive identification of
CSF shunt infection pathogens and may further identify pre-
viously less appreciated co-pathogens. Sufficiently powered,
randomized control trials are urgently necessary to establish
the best management practices relating to these infections,
including the duration of antibiotic therapy, use of adjuvant
intraventricular antimicrobials, and efficacy of AIS.
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