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ABSTRACT

Objective A systematic review was conducted of studies
comparing time to cerebrospinal fluid (CSF) sterilisation or
rate of recurrence with different treatment strategies for
CSF shunt infections.

Methods A librarian-directed search was conducted of
Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Ovid Medline Daily and Ovid Medline, Ovid
Embase, Wiley Cochrane Library, CINAHL Plus with Full
Text via EBSCOhost, Scopus Advanced Search, and Web of
Science Core Collection from 1990 to May 2019. Studies
of any design that compared outcomes in groups of any
age with different management strategies were included.
Studies that compared complete versus incomplete
shunt removal were excluded. Quality assessment was
performed with the Newcastle-Ottawa Scale.

Results The search identified 2208 records, of which

8 met the inclusion criteria. All were cohort studies of
moderate quality. Four studies compared the duration

of antibiotics; none demonstrates that a longer course
prevented recurrences. Two studies analysed addition of
rifampin, with one showing a decrease in recurrences
while the other had a small sample size. No studies
analysed the addition of intraventricular antibiotics, but
one showed equally good results with once versus twice
daily administration. One study reported no difference in
recurrences with placement of antibiotic-impregnated
catheters. Recurrence rates did not differ with shunt
replacement minimum of 7 days vs less than 7 days after
CSF became sterile. There were no recurrences in either
group when shunt replacement was performed after
sterile CSF cultures were obtained at 24 vs 48 hours after
antibiotics were discontinued. A new shunt entry site did
not decrease recurrences.

Discussion The main limitations are the lack of
high-quality studies, the small sample sizes and the
heterogeneity which precluded meta-analysis. Addition

of rifampin for staphylococcal infections may decrease
relapse but requires further study.

INTRODUCTION

Cerebrospinal fluid (CSF) shunt infections
impart significant morbidity and occasional
mortality in adults and children." Delay
in sterilisation of the CSF, relapse (recur-
rence of infection with the same pathogen
as it was not eradicated initially) and rein-
fection (a new infection, sometimes with a

,! Dolores Freire," Liza Bialy

Strengths and limitations of this study

» There is great heterogeneity in the management of
cerebrospinal fluid (CSF) shunt infections, indicating
the need for accurate outcomes data.

» There are no previous studies that analysed out-
comes of more than one intervention for manage-
ment of CSF shunt infections.

» The main limitation is that it was not practical to lim-
it the study to randomised controlled trials.

» Only studies published in English or French were
included.

» Changes in surgical techniques and infection control
measures over the 29-year study period might have
impacted the outcomes.

different pathogen) are clearly undesirable
outcomes. The Infectious Diseases Society
of America (IDSA) guidelines state that the
optimal management is removal of the shunt,
placement of an external ventricular drain
(EVD) and then placement of a new shunt
(strong recommendation, moderate quality
evidence).2 However, the optimal choice,
duration and route of administration of anti-
biotics and the optimal timing for replace-
ment of the shunt following CSF sterilisation
are not established,l 2 resulting in signifi-
cant heterogeneity in management between
centres and between neurosurgeons.”

A systematic review of studies that compared
interventions in patients with CSF shunt
infections was performed. The outcomes of
interest were (1) time to CSF sterilisation, (2)
prevention of relapse and (3) prevention of
reinfection.

METHODS

We report our study in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (online supple-
mental file 1).*
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Box1 Medline search strategy:

1. cerebrospinal fluid shunts/ or ventriculoperitoneal shunt/ or ((csf or
cerebrospinal fluid or ventriculoperitoneal or ventricle peritoneum)
adj shunt*).ti,ab,kf. (12401).

2. exp Bacterial Infections/ or exp Wound Infection/ or (infect* or rein-
fect* or re-infect®).ti,ab,kf. (2199367).

3. 1and 2 (2749).

4. exp Anti-Bacterial Agents/ or (anti-bacterial or antibacterial or an-
tibiotic* or anti-biotic* or rifampicin or antibiotic* or vancomycin or
tigecylcine or meropenem or gentamicin or linezolid or daptomycin
or acetylcysteine or colisin).mp. (913334).

5. exp Injections, Intraventricular/ or exp Infusions, Intraventricular/
or ((Intraventricular or ivt or icv or intracerebroventricular or
intracerebro-ventricular or brain ventricle) adj3 (antibiotic* or anti-
biotic* or antibacterial or anti-bacterial or infus* or inject* or ad-
minist*)).ti,ab,kf. (27852).

6. ((treat* or therap* or manag*) and (infect* or reinfect* or re-infect*)).
ti,kf. or ((treat* or therap* or manag*) adj5 (infect* or reinfect* or
re-infect*)).ab. (204224).

7. 4or5or6(1070585).

8. 3and 7 (1114).

9. exp Bacterial Infections/dt, su, th [Drug Therapy, Surgery, Therapy]
(230287).

10. exp Wound Infection/dt, su, th [Drug Therapy, Surgery, Therapy]
(10766).

11. 9or 10 (237739).

12. 1and 11 (533).

13. (reimplant* or re-implant* or re-installinstal* or reinstall* or replac*
or new shunt*).mp. (456491).

14. 3 and 13 (205).

15. 8 or 12 or 14 (1307).

Ovid Medline and Epub Ahead of Print, In-Process & Other Non-Indexed
Citations and Daily (from 1990to 20 May 2019).

Search strategy

A research librarian conducted a comprehensive
literature search in May 2019 (box 1). The search
strategy combined subject headings and keywords for

cerebrospinal flui shunts, antibiotics and infections.
Searches were conducted in the following electronic
databases: Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid Medline Daily and Ovid Medline,
Ovid Embase, Wiley Cochrane Library, CINAHL Plus with
Full Text via EBSCOhost, Scopus Advanced Search, and
Web of Science Core Collection. The search for records
was limited from 1990 to May 2019.

Study selection

The search results were uploaded to EndNote (V.X7;
Clarivate Analytics, Philadelphia, Pennsylvania), and all
duplicates were removed. Two independent reviewers
(JLR, LB) screened the articles for inclusion, first by title
and abstract and then by full text. Inclusion criteria were
studies of any design that compared treatmentrelated
outcomes with different management strategies in any
age group (table 1). Studies were excluded if they were
not published in English or French, had five or fewer
patients, or if they compared complete with incomplete
shunt removal. Although complete removal may not be
the optimal strategy for a given patient, it seems highly
unlikely that incomplete shunt removal will lead to better
infection-related outcomes than will complete removal.
Any disagreements with regard to study inclusion were
resolved during a consensus meeting.

Definitions

Relapse was defined as a recurrence with the same
pathogen (identical genus, species and antimicrobial
susceptibilities) within 3 months of antibiotics being
stopped.” Reinfection was defined as infection with the
same or a different pathogen 91 or more days after anti-
biotics were stopped.

Data extraction
One reviewer developed and piloted a data extraction
form in Microsoft Office Excel (V.2016; Microsoft

Table 1 Selection criteria for systematic review of management of cerebrospinal fluid shunt infections

Inclusion criteria

Exclusion criteria

Study design » Primary research with a comparison » Reviews.
group. » Primary research without a comparison group.
» Case reports.
» Guidelines/protocols.
» Opinion pieces including commentaries, editorials
and letters.
Setting » Any study setting. » None.
Participants/population » Children and adults. » None.
Intervention(s), » Treatments for shunt infections. » Studies comparing other strategies to removing the
exposure(s) entire original infected shunt.
Comparator(s)/control » Any other management strategy. » None.
Outcome(s) » Incidence of infection or reinfection. » None.
» All other outcomes.
Other » English or French. » All other languages.
» More than 5 patients. » 5 patients or fewer.
2 Robinson JL, et al. BMJ Open 2020;10:¢038978. doi:10.1136/bmjopen-2020-038978



Records identified through database search
n=4,213

IDENTIFICATION

A 4

n=2,208

Records after duplicates removed

A 4

Records screened by title and abstract

Records excluded

n=2,208

O
Z
2
w
w
4
O
w

A 4

Full text records assessed for eligibility
n=85

n=2,123

Full text records excluded, n = 77
n = 35 study design

ELIGIBILITY

Studies included in systematic review, n =8

INCLUDED

\ 4

n = 27 comparison group
n =10 intervention
n =5 duplicate

Figure 1

Corporation, Redmond, Washington), then extracted
data from each included study. A second reviewer verified
the data extraction, checking for accuracy and complete-
ness. All disagreements were resolved via discussion.

Quality appraisal

The methodological quality of each included study
was assessed using tools tailored to the type of research
design. Since all of the included studies were prospective
or retrospective cohorts, the Newcastle-Ottawa Scale® was
used. Each study was awarded an overall star value, up to
a maximum of nine stars. All appraisals were completed
independently by two reviewers (JLR, DF). Discrepancies
were resolved through discussion.

Data synthesis
Because of the heterogeneity of interventions, the
primary analysis is narrative.

Patient and public involvement
No patients were involved.

RESULTS

Study selection

We identified 2208 unique records via the search. We
screened 85 records by full text, and of these 8 primary
studies were eligible for inclusion (figure 1).

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram.

Study characteristics

Table 2 describes the included primary studies.”® ' All
were cohort studies published from 1995 through 2019.
Seven studies enrolled children only, while one enrolled
adolescents and adults."’ Data were collected over a
minimum of 4 and a maximum of 34 years (table 2). One
study analysed delay in CSF sterilisation,'’ while all others
analysed recurrence rates. Only one study provided defini-
tions for recurrences due to relapses versus reinfections’;
however, the authors of that study did not distinguish
between relapse and reinfection in the results. Follow-up
varied from 6 months' to 12 years.” Commonly, data
were incomplete as the main focus of the study was not
the comparison analysed in the current systematic review
(table 2).

Adverse events linked to the management strategy were
described in only two studies,”® where seizures occurred
in 5 of 79 children receiving intraventricular antibiotics
two times per day (6%) vs 0 of 33 children receiving them
daily. However, one child seized prior to receiving intra-
ventricular antibiotics, and in all cases children continued
to receive intraventricular antibiotics with no ongoing
seizures.

Study quality

Seven of the cohort studies were retrospective chart
reviews, while in the eighth study a database of patients
entered prospectively was analysed retrospectively.’
None of the studies was randomised. The management
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strategy was presumably at the discretion of the treating
clinician in all studies, except for two by the same authors
where the routine management strategy changed
over time.” ® Follow-up for relapses was presumed to
be almost complete in all studies as only tertiary care
centres would care for patients with shunt infections,
so it seems unlikely that the child would be seen at a
different centre within 3 months of the end of therapy.
However, reinfection can occur years after shunt place-
ment. Based on the Newcastle-Ottawa Scale all studies
were of good quality (seven stars) (table 3). The main
source of bias in all studies was ‘comparability’ as it was
difficult to establish whether controls and cases had
similar characteristics.

Duration of antibiotics

The 2004 and 2017 Infectious Diseases Society of America
(IDSA) guidelines specify a suggested duration of antibi-
otics based on the pathogen and the time to CSF sterili-
sation.” Simon et af’ found no improvement in outcomes
with adherence to the guidelines and no evidence that
continuing antibiotics beyond the duration indicated in
the guidelines prevented recurrences, but the sample
size was small; 9 of 74 children (12%) who were treated
longer than recommended (95% CI 6% to 22%) and 2 of
20 (10%) who were treated for a shorter time than recom-
mended (95%CI 1% to 32%) developed recurrences.
Using the same data set, Simon et al'' reported no differ-
ence in recurrences if antibiotics were administered for a
total of <7 days, 8-14 days or >14 days (only ORs rather
than data are provided).

One study reported a median duration of intravenous
antibiotics of 7.5 days (IQR 0-17) in 100 children with
recurrences vs 9 days (IQR 0-16) in 575 without recur-
rences (p=0.98); itis not clear why some children received
0 days of antibiotics as there were no deaths reported.' In
another study, the mean duration of antibiotics (presum-
ably given intravenously) was 17.4 days in 18 children with
recurrences and 16.2 days in the other 52 children; anti-
biotics were continued for a mean of 14.0 days following
CSF sterilisation in 17 cases with recurrences vs 12.7 days
in 66 without recurrences.” A shorter course of 7-12 days
of intravenous antibiotics resulted in cure for 40 chil-
dren with uncomplicated shunt infections who received
concurrent intraventricular antibiotics.”

Use of rifampin

One study showed a statistically significant decrease in
recurrences in patients treated with rifampin,11 while
another study had too small of a sample size to reach a
conclusion on the effect of rifampin on delayed CSF ster-
ilisation (7 patients received rifampin while 44 did not) 0
The analysis in the former study included all pathogens,
while it appears that the analysis in the latter study was
more appropriately limited to patients with staphylo-
coccal infections (since rifampin is unlikely to cover other
pathogens).

0o
S E
o 3
L El~ ~ ~ ~ ~ ~ ~ ~
T %
e
[~
"6‘5"’
>0
1 N EE FE E
g.g-g>- > > > > > > >
Q=0
o
<L -
=
meg
328
STED| 8 3 3 3 3 3 3 3
50> > > = > > > >
2385
6% 3
-+ O
-
(=]
T o
EElg s 8 5 8 s 8 ¢
3.‘..;>— > > > > > > >
Q
» ©
(2]
<
@0 .8
[
"6§_>.g
©
2ocfle o 2 o 2 o @ @
=c 0o 5 =1 S =1 S =1 S =
Q% L o %) %) 7] %] %) 0 7] 0
N:o C C o o = c C C
§ocelsd 2 2 3 3 3 3 3
Qn DO o o (e} ) o) ) o o
Efoo|2 2 z Z b4 4 z =
o000
O£T 2
O u=
[ShNe)
S
Q
°o % e
0“‘_,1-'>.
5555518 8¢ 8 8 8 8 8 8
8§3t*§>‘ > = = = = = =
8
Se 58
62w
-
o
€
Ko e 2
3 E2l8 ¢ 8 & 8 § 8 3
A3 s8> £ = = £ £ = =
Tt X
®© [T
; [4]
(7]
] <
i
o=
Q
L)
= .
ct
Q S5
O c c
= 5 8
) co| 3 3 3 3 3 3 3 3
Z sSaol> > > > > > > >
=
) 0 o
0 Q
= G X
o)) (/2]
c
17
o
= -
% 3]
[}
- 85
% c c
1) 28
& ol 8 3 3 ) 3 3 3 3
3 .g%>- > > > > > > >
> o o
- n o
= O X
@ g0
3 )
o o
>
©
=
(2] N o © —
S 8_08\- © = - = =
-
™ glgs 8’8 % & T |8 %
o O © = @ £ [ 9] 9] 9]
o 8| 88 98 0wy E° S co €& 9
Q £l 235 ¢35 =% P~ 8 6> 6w SO
| Eg Eg 90 2~ S0 £- Ex- £
© =} G o OO 00 O £Eo =Eo E£Eo
| o <| 50 50 ¥XN 0N £+~ O O O

6

Robinson JL, et al. BMJ Open 2020;10:2038978. doi:10.1136/bmjopen-2020-038978



Intraventricular antibiotics

James and Bradley® described no relapses or reinfections
when intraventricular antibiotics were given once or twice
daily for 1-8 days in conjunction with 7-12 days of intra-
venous antibiotics for uncomplicated shunt infections
(monomicrobial infections with a single shunt)® or for 21
days with complicated shunt infections. In other studies,
5 of 86 patientsw and 5 of 41 children’ were given intra-
ventricular antibiotics. (It is possible that intraventricular
antibiotics were given but not mentioned in the other
included studies.) Data are not provided, but the authors
of one of the studies stated that the rate of recurrences
did not differ in those who received intraventricular
antibiotics.”

Antibiotic-impregnated catheter

Relapse or reinfection occurred in 8 of 64 children (13%)
with antibioticimpregnated catheters placed following
an initial infection vs 30 of 169 (18%) without (p>0.05).""

Timing of shunt replacement
There were no recurrences in either group when shunt
replacement was performed after sterile CSF cultures
were obtained at 24 (n=15) vs 48 (n=25) hours after anti-
biotics were discontinued; negative cultures at 24hours
were considered to be sterile.” With daily CSF collection,
there was no advantage to waiting 7 days after CSF became
sterile to replace the shunt versus waiting a shorter time,
but the minimum waiting time prior to shunt replace-
ment was not studied.” One study described a higher
rate of recurrences with immediate versus delayed shunt
replacement (3 of 7 (43%) vs 1 of 22 (5%)),° but presum-
ably in the former group they did one-step shunt replace-
ment, which is no longer a recommended strategy.”

In one study, the median time from the first culture-
positive CSF to shunt replacement was 16 days in cases
that led to recurrences vs 13 days in those that did not."!

Technique for shunt replacement

Recurrences were reported in 8 of 35 cases (23%) where
a new entry site was used for the shunt vs 8 of 28 (29%)
where the original site was used (p>0.05).”

DISCUSSION

Management of shunt infections is primarily based on
expert opinion due to the absence of high-quality studies.”
The current review found eight studies describing a
wide variety of interventions. There did not appear to
be a link between the total duration of antibiotics and
subsequent recurrences; the minimum duration has not
been established. The optimal timing of shunt replace-
ment was not clear, but as one might predict delayed
shunt replacement decreased recurrences versus imme-
diate shunt replacement.5 However, there did not appear
to be evidence for waiting beyond documentation of
CSF sterilisation to replace the shunt. There were no
studies analysing the benefit of adding intraventricular

to intravenous antibiotics. Use of rifampin appeared to
decrease recurrences, presumably given orally in the
setting of staphylococcal infections''; the optimal dose
and duration are not clear. The IDSA guidelines contain
a weak recommendation based on low-quality evidence:
‘If the staphylococcal isolate is susceptible to rifampin,
this agent may be considered in combination with other
antimicrobial agents for staphylococcal ventriculitis and
meningitis’.” The IDSA guidelines make a strong recom-
mendation (again based on low-quality evidence) that
rifampin be added if there is retained intracranial or
spinal hardware.” Use of rifampin at the time of initial
shunt placement warrants further study.

Patients with CSF shunt infection are more prone than
others to subsequent infections, as demonstrated by the
recurrence rates above 10% in the larger studies in this
review.”"" A recent Cochrane review reported that when
placed initially, antibiotic-impregnated shunts (typically
containing clindamycin and rifampin) did not decrease
infection rates,"” but thiswas based on only one randomised
controlled trial (RCT)." A subsequent, much larger RCT
by Mallucci et al’> demonstrated that antibiotic (but not
silver) impregnated shunts decreased infections in initial
shunts with a number needed to treat of approximately
25. The only study in the current review that analysed the
efficacy of antibiotic-impregnated shunts in preventing
recurrences (vs initial infections) was underpowered to
show an advantage.'' In one study, antibiotic-impregnated
shunts shifted the pathogens, causing subsequent infec-
tions from Gram-positives to Gram-negatives, ° although
another study showed no such effect."” The Mallucci et
al study demonstrated that antibiotic impregnation may
prevent Gram-positive but not Gram-negative infections. "
One study reported a trend towards a higher recurrence
rate when antibiotic-impregnated shunts were revised
with antibiotic-impregnated components versus compo-
nents that were not antibiotic-impregnated.'”

Relapses are due to inadequate surgical or medical
therapy of the shunt infection or infection control lapses
when the shunt is replaced. Infections typically occur
within 8 months of shunt replacement.” Reinfection is
often attributable to intervening shunt manipulation, but
can also be due to factors that are unrelated to the shunt,
such as intra-abdominal infection or spontaneous bacte-
rial meningitis.” Future studies should attempt to distin-
guish between relapse and reinfection as it is presumably
only relapses that can be prevented by optimal manage-
ment of a shunt infection. Barriers to categorising infec-
tions as relapses versus reinfection are that (1) the upper
limit of time after which a recurrence cannot be a relapse
is not known (3 months was arbitrarily chosen for the
current study as most infections occur within 3 months
of shunt placement and this definition was used in a
previous study’); and (2) early recurrence with the same
pathogen (even if confirmed by molecular typing) can be
a reinfection rather than a relapse.

The main limitation of this systematic review is the
small number of studies, all of which were observational.
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Some studies were reasonably large, but the subgroup of
patients receiving a given intervention was always rela-
tively small (maximum 64 patients)."’ One confounding
factor is that a variety of surgical approaches were used
in the studies. The strategy that is now recommended
(placement of an EVD followed by replacement of the
shunt) was used less in decades past and is still not always
practical. Often patients in a given study had inconsis-
tent surgical management. None of the study results
distinguished between relapse and reinfection and none
reported the timing of recurrences relative to the initial
shunt infection. Intervening shunt manipulation is a risk
factor for reinfection that was inconsistently described in
the studies. Because CSF shunt infections are relatively
uncommon, some studies spanned decades. During this
time, advances in surgical technique, shunt technology
or infection control practices in the operating room and
changes in the antibiotics selected” could have changed
the outcomes. There are many confounding factors
that influence the duration of antibiotics prescribed
and the timing of shunt replacement. The language
limitation might have resulted in exclusion of relevant
studies. Although it seems highly unlikely that incom-
plete shunt removal would lead to less recurrences than
would complete shunt removal, inclusion of studies that
compared these interventions could have led to an esti-
mate of how many shunts need to be completely removed
to prevent one relapse.

The 2017 IDSA guidelines® recommend a total course
of antibiotics of 10-14days (but potentially a 2I-day
course for Gram-negative pathogens). The current study
suggests that even 7 days is sufficient in many cases, but
does not provide evidence for the optimal duration with
specific pathogens. The IDSA guidelines recommend
that a new shunt be placed on day 3 after CSF is sterile
for coagulase-negative staphylococci infection, on day 7
for Cutibacterium acnes (formerly Propionibacterium acnes)
and on day 10 for all other pathogens.? The current study
suggests that success can often be achieved with no delay
in shunt replacement once CSF is documented to be
sterile, but again it does not provide evidence for specific
pathogens.

In conclusion, CSF shuntinfections are rare and optimal
management presumably varies by pathogen. Shuntinfec-
tions are relatively rare. It is unrealistic to expect that
there will soon be adequately powered randomised trials
of the choice or duration of antibiotics or of the timing
of shunt replacement as such trials would be costly and
difficult to organise as they would require participation
of a very large number of neurosurgical centres. However,
it may be possible to do a randomised trial of addition of
rifampin for staphylococcal infections. It seems prudent
to advise that pending more data, clinicians follow the
2017 IDSA guidelines” in hopes that sufficient data can
eventually be collected on failures to allow for optimisa-
tion of management. Molecular typing of pathogens from
early recurrences should be performed when practical.
Given the difficulty in performing RCTs, registries such

as the Hydrocephalus Clinical Research Network'' allow
for application of consistent definitions for infection,
relapse and reinfection and for comparison of manage-
ment strategies.

Contributors JLR conceived of the study and designed it, participated in the
search, assessed the articles for quality, analysed the data and wrote portions of
the first draft of the manuscript. DF performed data extraction, assessed the articles
for quality and wrote the first draft of the abstract. LB participated in the search,
compared quality assessment results and wrote portions of the first draft of the
manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data sharing not applicable as no datasets generated
and/or analysed for this study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Joan L Robinson http://orcid.org/0000-0001-9831-5681
Liza Bialy http://orcid.org/0000-0002-5861-2769

REFERENCES

1 Simon TD, Schaffzin JK, Stevenson CB, et al. Cerebrospinal fluid
shunt infection: emerging paradigms in pathogenesis that affect
prevention and treatment. J Pediatr 2019;206:13-19.

2 Tunkel AR, Hasbun R, Bhimraj A, et al. Infectious Diseases Society
of America’s Clinical Practice Guidelines for Healthcare-Associated
Ventriculitis and Meningitis. Clinical Infectious Diseases 2017;02.

3 Simon TD, Kronman MP, Whitlock KB, et al. Reinfection rates
following adherence to infectious diseases Society of America
guideline recommendations in first cerebrospinal fluid shunt infection
treatment. J Neurosurg 2019;23:577-85.

4 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration. J
Clin Epidemiol 2009;62:e1-34.

5 Ronan A, Hogg GG, Klug GL. Cerebrospinal fluid shunt infections in
children. Pediatr Infect Dis J 1995;14:782-6.

6 Wells GA SB, O’Connell D. The Newcastle-Ottawa scale (NOS) for
assessing the quality of nonrandomised studies inmeta-analyses.
Available: http://www.ohri.ca/programs/clinical_epidemiology/oxford.
asp [Accessed 13 Dec 2019].

7 James HE, Bradley JS. Aggressive management of shunt infection:
combined intravenous and intraventricular antibiotic therapy for
twelve or less days. Pediatr Neurosurg 2008;44:104-11.

8 James HE, Bradley JS. Management of complicated shunt infections:
a clinical report. J Neurosurg Pediatr 2008;1:223-8.

9 Kestle JRW, Garton HJL, Whitehead WE, et al. Management of shunt
infections: a multicenter pilot study. J Neurosurg 2006;105:177-81.

10 Pelegrin |, Lora-Tamayo J, Gémez-Junyent J, et al. Management of
ventriculoperitoneal shunt infections in adults: analysis of risk factors
associated with treatment failure. Clin Infect Dis 2017;64:989-97.

11 Simon TD, Kronman MP, Whitlock KB, et al. Reinfection after
treatment of first cerebrospinal fluid shunt infection: a prospective
observational cohort study. J Neurosurg Pediatr 2018;21:346-58.

12 Simon TD, Hall M, Dean JM, et al. Reinfection following
initial cerebrospinal fluid shunt infection. J Neurosurg Pediatr
2010;6:277-85.

13 Arts SH, Boogaarts HD, van Lindert EJ. Route of antibiotic
prophylaxis for prevention of cerebrospinal fluid-shunt infection.
Cochrane Database Syst Rev 2019;6:Cd012902.

8

Robinson JL, et al. BMJ Open 2020;10:2038978. doi:10.1136/bmjopen-2020-038978


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9831-5681
http://orcid.org/0000-0002-5861-2769
http://dx.doi.org/10.1016/j.jpeds.2018.11.026
http://dx.doi.org/10.3171/2018.11.PEDS18373
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://dx.doi.org/10.1097/00006454-199509000-00010
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1159/000113111
http://dx.doi.org/10.3171/PED/2008/1/3/223
http://dx.doi.org/10.3171/ped.2006.105.3.177
http://dx.doi.org/10.1093/cid/cix005
http://dx.doi.org/10.3171/2017.9.PEDS17112
http://dx.doi.org/10.3171/2010.5.PEDS09457
http://dx.doi.org/10.1002/14651858.CD012902.pub2

3

Open access

14

15

Govender ST, Nathoo N, van Dellen JR. Evaluation of an antibiotic-
impregnated shunt system for the treatment of hydrocephalus. J
Neurosurg 2003;99:831-9.

Mallucci CL, Jenkinson MD, Conroy EJ, et al. Antibiotic or silver
versus standard ventriculoperitoneal shunts (basics): a multicentre,
single-blinded, randomised trial and economic evaluation. Lancet
2019;394:1530-9.

16

17

Simon TD, Kronman MP, Whitlock KB, et al. Patient and treatment
characteristics by infecting organism in cerebrospinal fluid shunt
infection. J Pediatric Infect Dis Soc 2018;15:15.

James G, Hartley JC, Morgan RD, et al. Effect of introduction of
antibiotic-impregnated shunt catheters on cerebrospinal fluid shunt
infection in children: a large single-center retrospective study. J
Neurosurg Pediatr 2014;13:101-6.

Robinson JL, et al. BMJ Open 2020;10:e038978. doi:10.1136/bmjopen-2020-038978


http://dx.doi.org/10.3171/jns.2003.99.5.0831
http://dx.doi.org/10.3171/jns.2003.99.5.0831
http://dx.doi.org/10.1016/S0140-6736(19)31603-4
http://dx.doi.org/10.3171/2013.10.PEDS13189
http://dx.doi.org/10.3171/2013.10.PEDS13189

	Treatment strategies for cerebrospinal shunt infections: a systematic review of observational studies
	Abstract
	Introduction﻿﻿
	Methods
	Search strategy
	Study selection
	Definitions
	Data extraction
	Quality appraisal
	Data synthesis
	Patient and public involvement

	Results
	Study selection
	Study characteristics
	Study quality
	Duration of antibiotics
	Use of rifampin
	Intraventricular antibiotics
	Antibiotic-impregnated catheter
	Timing of shunt replacement
	Technique for shunt replacement

	Discussion
	References


