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Abstract. Hydrocephalus is among the most common
pediatric conditions treated by neurosurgeons. An antibi-
otic-impregnated shunt (AIS) was designed to reduce the rate
of shunt infections. The objective of this systematic review and
meta-analysis was to assess the efficiency of AIS in reducing
the rate of shunt infection compared with standard shunts
(SSs). A systematic search of PubMed, EMBASE, Medline,
Cochrane Library, TRIP Database, CINAHL and Google
Scholar databases was performed. Eligible studies included
observational studies and randomized controlled trials (RCT)
that compared the effects of AIS and SS for preventing
shunt infections in pediatric patients. Twelve observational
studies and one RCT conducted from January 2005 through
October 2019 involving 7,952 pediatric patients were included
in the analysis. The use of AIS significantly decreased the risk
of CRI [risk ratio (RR) 0.42; 95% confidence interval: 0.33 to
0.53; P<0.00001] with no statistical heterogeneity across the
included studies (I?=42%). This analysis demonstrates that the
use of AIS significantly reduces the risk of shunt infection in
pediatric patients.

Introduction

Hydrocephalus is the most common pediatric neurosurgical
diagnosis, and the majority of patients require implantation of a
cerebrospinal fluid diversion device,a shunt. Prevention of shunt
infection is pivotal, since this could cause shunt malfunction,
scarring and ventricular loculation with potentially devas-
tating consequences for the patient (1-6). Furthermore, shunt
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infection is considered one of the most costly implant-related
infections, with a cost of over 50,000 USD per infection in the
United States (7).

The majority of shunt infections result from colonisation
of the device by non-pathogenic gram-positive cocci, such as
Staphylococcus epidermidis and S. aureus, and are acquired
during surgery (1,8,9). One approach to reducing shunt-related
CSF infection is to use antibiotic-impregnated shunt (AIS)
shunt catheters instead of a standard shunt (SS). AIS have been
available for more than a decade, and contain 0.054% rifampin
and 0.15% clindamycin, shown to effectively prevent coloniza-
tion (10-12).

Several studies have been published to evaluate the
effectiveness of AIS in reducing shunt infection in pediatric
population compared to SS. The most recent meta-analysis
by Klimo et al on this subject was published in 2014 (13).
However, since then numerous new trials have been published
comparing AIS with SS in pediatric patients.

A primary objective in the present study is to update the
meta-analysis with systematic search of new studies comparing
the use of AISs and SSs for the prevention of shunt infections
in the pediatric population.

Materials and methods

Study design and search strategy. A search, systematic review
and meta-analysis of eligible studies was conducted in the
major databases (PubMed, EMBASE, Medline, Cochrane
Library, TRIP Database, CINAHL and Google Scholar), using
the MeSH or free text terms for all eligible articles published
up to 31st October 2019. The search was restricted to studies
performed on human pediatric subjects. No restriction on
language or publication period was set. The reference lists
from all the included studies were also searched for any addi-
tional eligible articles.

This systematic literature review was performed following
the guidelines of the PRISMA statement (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) and
Cochrane Handbook for Systematic Reviews of Intervention
while using the following MeSH subject headings: (‘cerebro-
spinal fluid shunts’ OR (‘cerebrospinal fluid” AND (shunt* OR
catheter®*) OR ‘shunt system’) AND (‘antibiotic-impregnated’
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Figure 1. Flow diagram of the selection of studies and specific reasons for exclusion from the present meta-analysis. RCT, randomized controlled trials.

OR (antibiotic AND impregnated) OR Ventriculo-Peritoneal
System AND infection.

Selection criteria. All studies comparing AISs and SSs in
pediatric patients (<18 years) were included. Duplicates, case
reports, case series were excluded.

Risk of bias in individual studies. Missing data were requested
from the original authors through electronic correspondence
or mail. We examined the methodological quality of each
study included in our meta-analysis by data on random assign-
ment, treatment allocation concealment, group similarity at
baseline, eligibility criteria specified, blinding, lost to follow
up percentage and use of intention to treat analysis by using
quality assessment scale. Two authors independently assessed
the quality of included studies. Inconsistency over the quality
scores was resolved by discussion among all the authors
until subsequent agreement was reached. Missing data were
requested from the original authors through electronic corre-
spondence or mail. Publication bias was assessed by using the
Begg's funnel plot analysis.

Data collection and analysis. The essential information was
extracted carefully and independently from each included
study by two authors: the first author's name, year of publi-
cation, age range of participants, number of participants
(Antibiotic Impregnated Shunt/Conventional Shunt group),
number of procedures, number of infections and Quality
Score. Any disagreement was resolved by discussion.

Statistical analysis. Pooled risk ratio (RR) with 95% confi-
dence intervals (CIs) and publication bias were calculated
using Review Manager Statistical Software [RevMan,
version 5.3; Nordic Cochrane Centre (Cochrane Collaboration),
Copenhagen, Denmark; 2014]. We investigated the presence of
heterogeneity of the included studies by using the Cochran's
Q statistic and I?> metric tests. If the I> was <50% then a

fixed-effects model was used, otherwise a random-effects
model was used to combine the results.

Results

Identification of relevant studies. A total of 803 published
articles were retrieved from the systematic search during
the initial screening (Fig. 1). Out of this number, 789 studies
were excluded because of irrelevancy (n=762), and duplicate
records (n=27). One additional study was excluded after title
and abstract review due to lack of definite outcome (n=1).
Thus, a total of 12 observational studies and one randomized
controlled trial (RCT) were included for systematic review and
meta-analysis.

Characteristics of eligible studies. Table I summarizes the
characteristics of the selected studies, including number
of participants, age group, number of surgical procedures,
number of CSF infections, and study conclusions. There were
a total of 2,860 pediatric patients in the AIS stunt group, and
5,092 pediatric patients in the SS group, with a number of
patients in each study ranging from 11 to 1,963. Two of the
studies, by Mallucci et al (14) and Eymann et al (18) included,
not only pediatric, but also adult patients, and separate data
are reported for these two groups (13,14). Twelve of the
13 included studies were single-institution, while one study,
by Hayhurst et al was a retrospective multicentric cohort
study (15). Studies were published between January 2005 and
October 2019.

Meta-analysis: shunt-related CSF infections. There was a
total of 463 CSF infections reported in the selected observa-
tional studies (16-26). Of these, 366 were associated with the
use of SS, yielding an infection rate of 7.48%. In the pediatric
patients receiving AIS, 97 CSF infections were reported, with
an infection rate of 3.65%. Four infection events associated
with the use of SS, and three events, associated with the use



3777

EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3775-3781, 2020

PIO Teak |

uey) Jo3unok
sjuenjed owerpad
NSLYSIY Ut uonoajur

wunys JA Suronpai ut SIBAA 1 01 T°(Q Apmis 110400 (12) S102
€l 9¢/S [44)! 9ATIO9YJ I STV (92/20) 81 USIP[IYD 9¢/TC ¢102-200¢ Aea aAndadsonay ‘v 2 vjyey L
uonendod
1 Y31y oy ut (s1e34 0T
suonosajut (0LS/208) 0 Aep ) Apms 110405 (02) 6002
It 0LS/¥9  C0S/91 pasnpal STV TLO'T USIpTIYD 0LS/20S L00C-L661 vsn aAndadsonay ‘Ip j2 1¥IRd 9
USIp[Iyo
ur SUOT}OJuI
junys Arewrd jo (sreak g
Joquinu Y) 90npal 0} Kep 1) Apmjs 11040d (61) 600T
4! ce/e0 ve/10 0 readde g1V (TTve) 98 UIPIIYD ve L00T-200T Auewron oanoadsonay  ‘qv 12 uuewiy S
S9JRUOAU
Aprernonred
‘sdnoi3qns urejrad
ur SUOnOJuL Apmjs 11040d
junys jo Joquinu s1eak 91 0) pueaI] JLUAOT N (S1) 8002
61 LL/8O  vIT/TC onparued STV (LL/Y1T) 16T [ WaIPIIYD LLIVIT 900¢-200¢ 3N sAndadsonay /v 12 3smykeq 14
(2T/90)
8 USIP[IYd
“(86/1L1) (s1ah Z1 01
SO0 pue sdjel 69 s)npe sAep 7) UdIp[IyYo
uonosajur -(oc1/L61) ‘(s1e94 98-81) Apms 110400 (81) 800C
Sl /e 9U/10 9oNpaI STV LT TeI0L Sinpy /9T 9007-8661 Auewron oanocadsonsy ‘v 12 uuewAg €
juedyIugIs
A[reonsne)s jou
mq dnoi3 v ur (sreak g 03 () Apms 110400 (L1) LOOT
€l 08/L0  08/¥0 SS9[ 9jel UONOIJU] (08/08) 091 USIPIIYD 08/08 ¥00Z-€00¢ vsn aAndadsonay ‘Ip 32 uRy] C
STV Y pajou (s1eak L]
UOTI09JUT Junys 0] syjuow 9) Apn3s 11040d (91) 00T
81 9%/L0  TE/T0 SOUSPISUT JoMO] (91/2€) 8L USIP[IYD /T £00¢-200¢C vsn aAndadsonay ‘v 12 uekry I
(¢¢) pi12poo], dnoi3  dnoi3 uoIsnN[oOu0d (STV-uou/SIv) dnoi3 a3y SIV-uou/SIy porad Anuno) u3isop oY) 1Bk ‘ON
2100s Ayrend)  SIV-UON  SIV sloyiny sainpacoid Jo "ON ‘syuedronaed jo o  ApmS Apnis ‘s1oyIny Apmis
SuOT)OUI
JO Ioquuny

*STSATeUR-2)UWI S} UT PApN]ouT SAIpn3s paysiiqnd ay) Jo sonstajoeIeyd Apnis Arewnid ‘| 9[qeL,



QIU and WU: ANTIBIOTIC-IMPREGNATED SHUNT VERSUS CONVENTIONAL SHUNTS

3778

sjuaned 3N ur
syunys onoIquue jo
uondope oy 110ddns [e11}) [01U0D &1 6102
81 00¢/y  10T/€ 0] 90UAPIAD S3pIAOI  (00T/10T) 10 SIedk [6 03 | 9€6/8¢€S LTOC-€10C 3N pazrwopuey /v j2 1NN €l
(sypuouwr 9>)
porrad aaneradoisod
Apres oy Sunmp
snjeydaooipAy yim
UQIP[IYD UI UOT}OJUT
wunys S0 JO souapIout
paonpar Apueoyrusis s1eak 91 0] | Apmjs 110409 (92) S00T
LT 80¢/Cc  svl/T 19041ed STV (807/SP1) €€ USIP[IYD 80¢/SY1 #00C-100C PpuefIejy 2anoadsonay — ‘7v 42 eqqniog 4!
syuedwr Junys UOISIAI
UB[O puB 040U 3P UL

$OJBI UOT)OQJUT 9ONPAI S180A 91 0} | Apmys 10Y0d  (G7) 1107 ‘v 12
91 €961/SS1 185/0¢  Apueoyrudis Aew STV (€96°1/18S) #75°C USIP[IYD €961/18S LO0T-L661 2N aAndadsoney Auresepuey 1T
snjeydosoipAy

[elRUOSU UI
[e101Juaq 9q Aew
uswiIgal onorquue
saneradorrad y-g4 skep 87> Apmys 110409 (€D L10T
4! €a/C v/l © pue sIsjotes S1vV (€2/T0) Ly UaIpIYD €eve S10T-C00T erfensny  aanoadsonoy ‘v 12 1930e( 01
suonendod juejur pue
oerpad [e1ouad yjoq
ur S9Jel UONOIJUI JUNYS
saaoxdwir Appueoyrugdis SIBOA [ 01 ' Apn3s 311040d #2) ¥10T
91 ¢651/69  00S/v Suiqm STV Jo a1 (26S°1/00S) T60'C USIPIYD ¢651/00S 600C-€661 3N aAndadsonay ‘Ip 32 sawef 6
9Bl UONOJUT
junys JSD seonpar
Apueoyrugis [000301d
uonuaaaxd uonoojur

Junys € 03 UIDAWOdoUBA s1eak [ [< Apnis 1104yod  (7) 810T ‘v 12
Sl €97/81  66%/S1  daneradoenur SUIPPY  (£97/661) TOL USIPID €9¢/661 1102-010T PUe[oyIoN dandadsonay Hopurg uea 8
(¢¢) w12 ooy, dnoi3  dnoi3 uoIsN[OU0d (STV-uou/SIv) dnoi3 a3y SIV-uow/STy porxad Anuno)) u3Isop (Joy) ek ‘ON
2100s Ayfend)  SIV-UON  SIV sioyny sarnpaocoid Jo ‘ON ‘sjuedronaed jo oN  ApmiS Apmis ‘sioyIny Apmis
SUOT}OJUL
JO IoquInN

‘panunuoD ‘I J[qeL,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3775-3781, 2020 3779

Al shunts  Conventional shunts Risk ratio Risk ratio Risk ratio
Study of Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl N-H, Fixed, 95% Cl
1.2.1 Observational
Aryan el al 2005 1 12 7 46 23% 021003159 —_—
Erymann ef al 2008 1 M 3 27 15% 022 [002,18¢4] -
Eymann et al 2008 1 % 3 2 13% 028p03.257] - 1
Hayhurst ef al 2006 M B 7 A7% 084 [0.44,204] -1
Jaeger et al 2017 1 N 2 3 08% 048005483 —
James ef al 2014 4 500 it} 1562 132%  0.18[0.07.050] _—
Kan ef al 2007 {4 80 7 80 28% 0577188 e
Kandasamy el 2l 2011 0 s 155 1963 283%  OB5[0.45.09) -
Lindert et al 2018 15 409 18 63 94% 04 P23.088) —_—
Parker el 2l 2009 16 502 it} 570 240%  028[017.048) -
Raffa et al 2015 1 2 5 2B 18% 02403187 -1
Sciubba et al 2005 2 145 25 208 82%  0.11[003,048]
Subtotal (85% Cly 2659 4892 98.4% 0.42 [0.33,053] .
Total events ar 366
Heterogenaity: Chi* = 1885, of =11 (P=0.08), I = 2%
Test for overall effect Z =734 (P <000001)
122 RCT
Mallucc et al 2019 I L] 200 16% 075[017.329) -1
Subtotal (95% Cly o 200 18% 075[0.47.329] *
Total events 3 4
Heterogeneity: Mot appicable
Ted for overall effect Z =038 (P =070)
Total (95% Ch 2860 5092 100.0% 042 [033.053] '3
Total events 100 370
Helerogeneity: Chit=1337, df=12 (P=008), 1?=38% :DO‘I 0:1 ‘I:U 1[33:

Ted for owerall effect Z =7 33 (P <0.00001)
Test for subaroup differences; Chif =038, di=1(P=045).17=0%

Favours al shunt Favours coventional shunt

Figure 2. Forest plot for antibiotic-impregnated shunt systems versus conventional shunt systems to reduce cerebrospinal fluid infections in children based on
the fixed effect model. RCT, randomized controlled trials; CI, confidence interval.
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Figure 3. Begg's funnel plot for the studies included in meta-analysis for
antibiotic-impregnated shunt systems versus conventional shunt systems to
reduce cerebrospinal fluid infections in children based on the fixed effect
model. RR, risk ratio; RCT, randomized controlled trials.

of AIS were reported in the selected RCT (14), yielding an
infection rate of 2- and 1.4%, respectively (Fig. 2). The overall
pooled RR of CSF infection using a fixed effects model was
0.42 (95% CI: 0.33 to 0.53; P<0.00001) with no statistical
heterogeneity across the included studies (I°=42%) (Fig. 2).

These results indicated a significant decrease in CSF infec-
tion rates in the AIS group. All 13 included studies provide
sufficient details of an adequate method of allocation conceal-
ment and blinding. Begg's funnel plots were used to assess
the potential selection and performance publication bias.
As shown in Fig. 3, the shape of the funnel plot suggests the
absence of publication bias.

Discussion

In this meta-analysis, we found that the use of AIS in pediatric
patients was associated with a decreased risk of CSF infec-
tion. A SS, consisting of silastic ventricular and peritoneal
catheters, is an effective treatment for hydrocephalus (27).
However, due to CSF shunt complications, such as shunt failure
and infection, SS placement often requires revision surgery,
With infection rates approximately 3-fold higher after a first
revision and their frequency increasing with each additional
procedure (28). AISs have been introduced to prevent CSF
infections, especially in the early postoperative period (10-12).
Of thel3 studies included in the analysis, 8 reported statisti-
cally significant reduction in CSF infections associated with
the use of AIS (18-22,24-26).

In one of the earliest studies comparing AIS and SS
groups of pediatric patients, Sciubba et al (26) reported that
AIS was associated with significant reduction in CSF infec-
tion rates in children with hydrocephalus during the early
postoperative period (<6 months). This was subsequently
confirmed by Klimo er al (13), albeit AIS in the study of
Sciubba et al (26) was independently associated with a
2.4-fold decreased likelihood of shunt infection. James et al
compared an AIS study group with historical cohort of SS
procedures, and identified a significant reduction in CSF
infection rates in pediatric patients (24). At the same time,
they reported an increased rate of CSF infections in revision
surgery in the AIS group, thus questioning the efficiency of
AIS for long-term use (24).

The study of Eymann er al (18) included both adult and
pediatric patients, and showed that the infection rates were
2.18-fold higher with SS than with AIS. Similarly, in a subse-
quent study by the same group (19), which included 56 pediatric
patients, risk score for shunt infections was significantly
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higher in the AIS study group than in the SS control group.
In a large multicenter study Kandasamy et al reported that
AIS significantly reduced CSF infection rates in de novo and
clean revision shunt implants, despite an apparent overlap of
confidence intervals in the results from various sites (25). In a
retrospective cohort study, van Lindert ef al used vancomycin
antibiotic solution to drench and flush the shunt and fill the
shunt reservoir instead of using AIS, and reported a significant
decrease in infection rates (an absolute risk reduction of 3.8%,
and relative risk reduction of 56%) in antibiotic-treated shunt
group of pediatric patients, as well as an increase in time from
surgery to infection (22).

In their retrospective study, Parker et al examined CSF
infections in several groups of patients with high-risk factors
[prematurity, post-meningitis, conversion of external ventric-
ular drains (EVD), prolonged hospital stay]. In all high-risk
groups AIS was associated with significantly reduced rates of
shunt infections (20).

A study by Raffa er al reported for the first time the effec-
tiveness of AIS in reducing VP shunt infection in high-risk
pediatric patients <l-year-old. Additionally, AIS had a
protective effect against shunt infections in all the specific
high-risk subgroups, such as preterm newborns, children with
post-hemorrhagic or post-infective hydrocephalus, and chil-
dren with a previous EVD (21).

Five of the 13 studies included in this meta-analysis
presented negative statistical findings. While Aryan et al did
not identify a statistically significant difference in infection
rates between the AIS and SS groups, they report protective
benefits of AIS compared to SS (16). Similarly, in a study by
Kan and Kestle, there was no difference in the shunt infec-
tion rate between groups, even when adjusted for age, medical
history, diagnosis, and previous infections (17). In a retrospec-
tive cohort study of neonates (<28 days), Jaeger ef al reported a
statistically significantly delayed median time interval between
insertion and revision in the AIS group, while an overall rate
of CSF infection was unaffected (23).

In the only included RCT by Mallucci et al, AIS was asso-
ciated with a 3-fold decrease in shunt revisions. Although that
study included both pediatric and adult patients, it strongly
supported the use of AIS in patients undergoing their first
shunt insertion (14).

The limitations of the current meta-analysis arise among
others from heterogeneity of the included studies. While
most of the studies included only pediatric patients, others
included both children and adults (14,18), and a definition
of a shunt infection may vary from study to study. There
is also a variety of confounders for shunt infections, such
as age and prematurity (29-31), gender (28), former shunt
and systemic infections (32,33), previous revisions, extended
hospital stay, positive CSF cultures prior to implantation,
and the preoperative occurrence of CSF leakage or the
use of an EVD (10). While prospective, blinded, RCT may
provide more balanced information, such studies would
not be cost-effective, and would require very large patient
numbers, multicenter cooperation, and development of stan-
dard protocols (34).

Our analysis shows that AISs can substantially reduce the
risk of shunt infections. AIS, therefore, may be beneficial for
all pediatric patients with hydrocephalus who require a shunt.
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