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Abstract
Purpose The incidence of ventriculoperitoneal (VP) shunt in-
fection accounts for about 5–15%, but it can rise up to 70% in
specific high-risk subgroups. Antibiotic-impregnated cathe-
ters (AICs) have been designed to reduce shunt infections,
but reports on their efficacy are discordant, especially in
young children. The aim of this study is to assess, for the first
time, the efficacy of AICs in newborns and infants at very
high risk for shunt infection.
Methods We reviewed the medical records of newborns and
infants treated with a VP shunt for newly diagnosed hydro-
cephalus. Patients were divided in two groups: Group A was
composed by children who received AICs, whereas Group B
included children implanted with standard silicone catheters
(non-AICs). We compared the shunt infection rate in both
groups, and analyzed differences in specific high-risk sub-
groups (preterm newborns, children with posthemorrhagic or
postinfective hydrocephalus, and children with a previous ex-
ternal ventricular drainage).
Results Forty eight children younger than 1 year old were
included in our study. Twenty two patients were implanted
with an AIC, whereas 26 patients received a standard silicone
catheter. The follow-up was at least 1 year (mean 8±3 years).
The overall infection rate decreased from 34 % in non-AIC

group to 9 % in the AIC group. Moreover, AICs showed to
have a protective effect against shunt infections in all the spe-
cific high-risk subgroups analyzed.
Conclusions This study demonstrates for the first time that
AICs are effective in reducing VP shunt infection in high-
risk pediatric patients younger than 1 year old.
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Introduction

Hydrocephalus is the most common neurosurgical disease in
children, with an incidence of three to five cases per 1,000 live
births [1]. For more than 50 years, the standard of care consists
of the implant of a shunt. Although this strategy has resulted in
a significant prognostic improvement, the procedure is still
burdened with serious complications still, to date, not
completely resolved. One of the most common and critical
problems is represented by shunt infections, being frequently
associated with long-term neurological complications, such as
reduced intelligence quotient, increased risk of seizures, psy-
chomotor retardation, and shunt failure [2, 3]. In addition,
about one third of the shunt-related deaths are subsequent to
shunt infections and their complications [4].

Despite the infections rate in the overall shunted population
reaches about 15 % [5–12], it is significantly higher in some
specific patient subgroups, such as young children [2, 6,
13–15], postmeningitis or posthemorrhagic hydrocephalus
[2, 6, 8, 10, 11, 16, 17], and patients initially submitted to
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external ventricular drainage (EVD) [11, 18], rising up to
70 % in premature newborns [2, 4, 5, 10, 11, 13, 19–28].

The leading cause of shunt infection is due to colonization
from Staphylococcus epidermidis, being Staphilococcus
aureus, other bacteria, and fungi, including yeasts, implicated
as well [15, 29, 30]. These pathogens produce a glycoprotein
biofilm that allows their adhesion to the catheter, avoiding
antibiotics penetration and reducing the effect of immunolog-
ical response [17, 31, 32]. Therefore, once established, shunt
colonization is difficult to eradicate and requires shunt con-
version to EVD.

In vitro and in vivo studies demonstrated that antibiotics
incorporated into silicone rubber catheter provide local anti-
microbial activity [33, 34]. Based on this research, antibiotic-
impregnated catheters (AICs) have been introduced in the
market with the aim to reduce the incidence of cerebrospinal
fluid (CSF) shunt infection. Several studies evaluated the ef-
ficacy and safety of AICs, providing conflicting results [4, 8,
18, 19, 35–42].

In the literature, to date, only five studies have compared
AIC vs. non-AIC efficacy in reducing shunt infection rates in
pediatric patients [4, 18, 19, 38, 43]. However, in all these
studies, patients had a mean age greater than 1 year, and most
importantly, the authors did not analyze differences of AICs
efficacy in specific high-risk subgroups or differences accord-
ing to the patients’ age.

In the present study, we assessed, for the first time, the
efficacy of AICs as compared to non-AICs in reducing shunt
infection rates exclusively in newborns and infants younger
than 1 year old.We also analyzed the AICs protective effect in
specific high-risk subgroups, consisting of premature new-
borns, children with posthemorrhagic or postinfective hydro-
cephalus, and children converted from a previous EVD to a
definitive ventriculoperitoneal (VP) shunt.

Materials and methods

We examined the medical records of children younger than
1 year (neonates: 1–30 days; infants: 1–12 months) admitted
to the Neonatal and Pediatric ICU with the initial diagnosis of
hydrocephalus and submitted to their first VP shunt at the
Neurosurgical Clinic of the University of Messina, Italy, be-
tween 2002 and 2012.

Relatives signed a written informed consent for the purpose
of publication of clinical data, according to the internal regu-
lation approved by the Ethical Committee at our institution.

We collected data about age at VP shunt insertion, sex,
gestational age, etiology of the hydrocephalus, eventual pre-
vious EVD, type of shunt catheters (AICs or non-AICs), even-
tual shunt-related infections, and time to shunt infection.

Patients were divided in two groups according to the type
of catheters used for the VP shunt: Group A consisted of

newborns and infants who were implanted with ventricular
and peritoneal AICs (Bactiseal®, Codman Johnson & John-
son, Raynham, MA, USA), connected to a programmable
Hakim valve (Hakim Medos, Codman Johnson & Johnson).
Group B included all patients treated with non-AICs,
consisting of a standard silicone ventricular and peritoneal
catheter connected to the same shunt hardware of Group A.
The choice of a programmable valve was due to the possibility
to easily and noninvasively adjust the opening pressure to
adapt to changes in patient conditions. All patients who re-
ceived non-AICs were treated before 2005, because of the
lack of AICs at our institution before that period.

All cases have been submitted to antibiotic prophylaxis
consisting of intravenous (i.v.) cefazolin (first-generation
cephalosporin) 1 h prior to begin surgery, according to our
internal protocol. During surgery, we used all the known mea-
sures for reducing as much as possible the incidence of shunt
infection. We used a meticulous sterile technique, paying par-
ticular attention in draping patients, using washing solutions
with the addition of antibiotics (vancomycin 500mg in 500ml
of 0.9 % NaCl solution, applied to the shunt catheters and
valve prior to the insertion and used for washing during sur-
gery, if needed), and reducing the number of operators and
visitors in the operating theater.

We assessed the VP shunt infection rate in our series, com-
paring Group A vs. Group B. Then we weighted the shunt
infection rate in both groups according to the patients’ age
(newborns or infants) and to specific risk factors: high-risk
categories were defined a priori and included premature in-
fants (shunt placement occurred during the birth admission in
neonates less than 37 weeks gestational age), children with
postinfective (who received a VP shunt for newly diagnosed
hydrocephalus in the acute setting following a treated menin-
gitis or meningoencephalitis) or posthemorrhagic hydroceph-
alus (who were implanted with a VP shunt after a cerebral
intraventricular hemorrhage), and children converted from a
previous EVD to a definitive VP shunt (who underwent the
insertion of a new VP shunt following a previous EVD or the
removal of a previous externalized shunt system). In Group A,
the EVD consisted of a ventricular antibiotic-impregnated
catheter, whereas in Group B, it consisted of a standard sili-
cone ventricular catheter.

Our analysis included only those patients receiving follow-
up care over time at our institution, consisting of clinical ex-
amination at 1 week, 1 month, 3 months, 12 months, and
yearly thereafter following the procedure. The minimum
follow-up was 1 year for each patient (mean 8±3 years).

All patients who presented skin lacerations and/or ulcera-
tions near the shunt subcutaneous route or postoperative CSF
leakage, or patients who were submitted to other neurosurgi-
cal procedures that could be responsible of secondary CSF
infection, were excluded from the present study to avoid sam-
pling bias. Therefore, in this study, each case of infection,
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regardless of the time of presentation, was considered as pre-
sumably acquired at the time of the shunt insertion.

The presence of a shunt infection was defined exclusively
in case of a CSF culture positive to a microorganism. Other
criteria considered suspicious of infection were CSF
pleocytosis (leukocyte count, >50 leukocytes/mm3), an in-
crease of C-reactive protein serum concentration, fever, shunt
malfunction, or neurological symptoms [11, 18]. The contem-
porary presence of increased C-reactive protein, fever, and
clinical signs of shunt malfunction, including neurologic de-
terioration, were considered highly suspicious for shunt infec-
tion, leading to shunt conversion to EVD and CSF microbio-
logical analysis. However, shunt infection was confirmed ex-
clusively in case of a microbiologically positive CSF culture.

If shunt infection occurred or was highly suspected, an
empirical antibiotic treatment was immediately started. When
three CSF successive samples became sterile and pleocytosis
had been resolved, a newVP shunt was reinserted. The time of
onset of infection from shunt insertion was also recorded and
was defined as time to shunt infection.

Statistical analysis

The homogeneity of the study population among the two
groups (Group A vs. Group B) was assessed using the un-
paired Student’s t test for continuous data (age) and the Chi-
square test with Yates’ correction for nominal data (sex, pre-
maturity, etiology of hydrocephalus, and previous EVD).
Comparison of VP shunt infection rate in AIC vs. non-AIC
group and in specific high-risk subpopulations was per-
formed by using the Fisher’s exact test. Protective effi-
cacy of AICs was expressed as odds ratio (OR) with
95 % confidence interval (CI). Time to shunt infection
analysis was performed using the Kaplan–Meier plots,
the log–rank (Mantel–Cox) test, the hazard ratio (HR), and
the reciprocal HR. Statistical significance was defined as a p
value<0.05. Data analysis was performed using GraphPad
Prism version 6.00 for Windows, GraphPad Software, La
Jolla, CA, USA (www.graphpad.com).

Results

Patients’ characteristics are presented in Table 1. Forty eight
children younger than 1 year old were treated at our Institution
with the insertion of a shunt for a newly diagnosed hydroceph-
alus in the period examined. Twenty two patients were im-
planted with AICs (Group A), whereas 26 patients received
standard ventricular silicone catheters (Group B). The mean
age at VP shunt insertion was 66 days (range 1 day–1 year
old). Statistical analysis demonstrated that the two groups
were homogeneous for age at insertion, sex, etiology of hy-
drocephalus, prematurity, and for previous EVD (Table 1).

In Group A, 2 of 22 patients (9 %) were affected by shunt
infection. These two patients were infants and have been treat-
ed for posthemorrhagic and malformative hydrocephalus, re-
spectively. Infections were sustained by multidrug resistant
S. epidermidis (MDRSE) in both cases. Antibiograms showed
resistance to different antibiotics, including clindamycin and
rifampicin. In Group B, we recorded a shunt infection in 9 of
26 patients (34 %). Of these, five were premature newborns,
and four were infants. The cause of hydrocephalus was sec-
ondary to malformations in three patients, simultaneously
posthemorrhagic and postinfective in two, exclusively post-
hemorrhagic in three, and secondary to spinal disraphism in
one. Infections were sustained by S. epidermidis in five cases,
S. aureus in two cases, and Pseudomonas aeruginosa in the
remaining two cases.

When we compared the overall shunt infection rates in
Group A vs. Group B, the use of AICs was associated with a
significant protective effect against shunt contaminations (p=
0.045; OR 0.188, 95 % CI 0.035–0.996; Fig. 1).

As the risk of infection is higher in newborns than older
children, especially if born prematurely, we compared the in-
fection rate according to the age at insertion in the two groups.
Among newborns, we did not observe infections in AICs im-
planted patients, Group A (0 of 12), whereas we recorded five
shunt infections in non-AIC cases, Group B (5 of 15–33 %).
Therefore, the use of AICs was able to significantly reduce the
infection rate in this high-risk population (p=0.047; OR
0.076, 95 % CI 0.003–1.549; Fig. 2). Conversely, among in-
fants, the infection rate was 20 % (2 of 10) in Group A and
36.3 % (4 of 11) in Group B. Despite a trend toward a reduc-
tion in the shunt infection rate in the AIC group, the difference
was not statistically significant (p=0.635; Fig. 3).

Among premature neonates, no patients (0 of 10) in Group
A and 5 of 10 in Group B (50 %) were affected by shunt
infection. Statistical analysis showed a significant difference
between the two groups (p=0.032; OR 0.047, 95% CI 0.002–
1.030; Fig. 4a).

Considering patients with posthemorrhagic hydrocephalus,
1 of 8 in Group A (12.5%) and 5 of 7 in Group B (71.4 %) had
a shunt infection. The observed trend toward a reduction in the
AICs patients was statistically significant (p=0.040; OR
0.057, 95 % CI 0.003–0.818; Fig. 4b).

Among patients with postinfective hydrocephalus, no pa-
tients in Group A (0 of 4) and 2 of 3 in Group B (66.6 %)
developed a CSF infection. However, the difference was not
statistically significant (p=0.142; Fig. 4c).

When assessing the efficacy of AICs in hydrocephalic
cases whowere converted from a previous EVD to a definitive
shunt, 1 of 7 in Group A (14.2 %) and 5 of 6 in Group B
(83.3 %) were affected by a shunt-related infection. Statistical
analysis showed a significant protective effect for AICs vs.
non-AICs. (p=0.029; OR 0.033, 95 % CI 0.001–0.680;
Fig. 4d).
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Analyzing the odds ratio values for each subgroups,
we observed a protective effect of AICs in all our pe-
diatric population, being the OR always less than 1
(Fig. 5). The highest protective effect was observed in
children converted from a previous EVD to a definitive
VP shunt and in newborns. A less powerful, but significant

protective effect was recorded in premature patients and
in children with posthemorrhagic hydrocephalus. Con-
versely, despite a trend toward reduction of the infection
rate in the AIC group, the protective effect was not
significant in children with postinfective hydrocephalus
and in infants.

Table 1 Comparison of
demographic and nosological
data of patients treated with AICs
(Group A) vs. non-AICs
(Group B)

Factors Group A (AICs) Group B (non-AICs) p Value
Number of patients

No. of patients 22 26

Sex 0.357

Males 14 12

Females 8 14

Age at insertion 0.737

Mean age 61.59 days 70.46 days

Age range Preterms - 300 days Preterms - 360 days

Age categories 0.941

Newborns (1–30 days) 12 15

Infants (1–12 months) 10 11

Prematurity (<37 weeks) 0.844

Preterms 10 10

Full terms 12 16

Etiology of hydrocephalus

Postinfective 4 3 0.810

Posthemorrhagic 8 7 0.696

Malformative 10 14 0.772

Spinal disraphism 3 4 0.810

EVD to VP shunt 0.724

Previous EVD 7 6

No previous EVD 15 20

Statistical analysis showed homogeneity of the population analyzed as no significant differences were found
comparing sex, age at insertion, the number of newborns and infants, the etiology of hydrocephalus, and the
presence of previous EVD between the two groups

AICS antibiotic-impregnated catheters, non-AICS nonantibiotic-impregnated catheters, EVD external ventricular
drainage, VP shunt ventriculoperitoneal shunt

Fig. 1 Graphic representation of the total number (newborns and infants)
of shunt infections in AIC vs. non-AIC group. Shunt infection rates was
reduced from 34 % (9 of 26 patients) in non-AIC group to 9 % (2 of 22
patients) in AIC group (p=0.045)

Fig. 2 Graphic representation of the number of shunt infections among
newborns in AIC vs. non-AIC group. Shunt infection rates was reduced
from 33 % (5 of 15 patients) in non-AIC group to zero in AIC group (p=
0.047)
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Lastly, we analyzed the overall shunt infection rate accord-
ing to the time of infection onset during the first year of fol-
low-up. The median time to shunt infection was 25 days for
AICs and 160 for non-AICs patients. The log–rank analysis
confirmed that shunt infections occurred significantly later in
Group B as compared with patients of Group A (p=0.049; HR
0.245, 95 % CI 0.092–0.985; reciprocal HR 4.069, 95 % CI
1.015–10.82; Fig. 6).

Discussion

Despite the advances in the treatment of hydrocephalus ob-
served in the last decades, shunt infections still remain respon-
sible for high morbidity and mortality rate, especially in the
pediatric population. Antibiotic-impregnated shunt catheters

Fig. 3 Graphic representation of the number of shunt infections among
infants in AIC vs. non-AIC group. Shunt infection rates was reduced from
36.3 % (4 of 11 patients) in non-AIC group to 20 % (2 of 10) in AIC
group (p=0.635)

Fig. 4 Shunt infection rates in
high-risk subpopulations. a
Among preterm newborns, the
infection rate decreased from
50 % (5 of 10 patients) in non-
AIC group to zero in AIC group
(p=0.032). b Among children
with posthemorrhagic
hydrocephalus, the infection rate
was reduced from 71.4 % (5 of 7
patients) in non-AIC group to
12.5 % (1 of 8) in AIC group (p=
0.040). c Among patients with
postinfective hydrocephalus, the
infection rate decreased from
66.6 % (2 of 3 patients) in non-
AIC group to zero in AIC group
(p=0.142). d Among patients
with previous EVD, the infection
rate was reduced from 83.3 %
(5 of 6 patients) in non-AIC group
to 14.2 % (5 of 6) in AIC group
(p=0.029)

Fig. 5 Forest plot depicting the protective effect of AICs against shunt
infections in each high risk pediatric subgroups analyzed, expressed as
odds ratio with 95 % confidence interval. AICs showed to have a
protective activity in all subgroups, especially in patients with previous
EVD. However, in infants and in children with postinfective
hydrocephalus, this protection was not statistically significant
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(AICs) are relatively new devices consisting of silicon tubes
whose matrix is impregnated with dual drug antibiotics, usu-
ally rifampicin (0.54 %) and clindamycin (0.15 %), which are
simultaneously released after insertion. They have been de-
signed to provide a time-limited protection from infections,
especially from that sustained by Gram-positive bacteria, such
as Staphylococcus spp.

In the literature, different studies have been focused on the
analysis of the AICs efficacy in reducing shunt infections,
providing nonuniform results [4, 8, 18, 19, 35–39, 41, 42].
A limitation of most of them is the concomitant evaluation of
the AICs efficacy in adults and in children. To our knowledge,
only five studies have, to date, specifically addressed the pro-
tective effect of AICs exclusively in children [4, 18, 19, 38,
43]. However, in all these series, the mean age of patients was
greater than 1 year, and the reported findings were discordant.
Aryan et al. [19] in 2005 reported their initial experience with
AICs in 31 children (age range 6 months to 17 years, mean
4.5 years), suggesting a lower incidence of infections by using
AICs as compared with standard implanted shunts. In 2008,
Eymann et al. [4] evaluated the safety and efficacy of AICs in
two separated cohorts composed by 208 adults and 41 chil-
dren, respectively, and reported that from both clinical and
economical perspectives, AICs represented a valuable addi-
tion in hydrocephalus therapy, significantly reducing the shunt
infection rate. However, apart from the mixed characteristics
of the population, the age range of the children cohort was
2 months–12 years, and the authors did not provide any con-
sideration about infection rate differences according to the age
at insertion. In 2009, Parker et al. [43] analyzed the efficacy of
AICs in a large pediatric cohort demonstrating a protective
effect against shunt infection in all the analyzed population
including high-risk patients such us premature neonates and
children with postinfective hydrocephalus. Again, in this

study, the population age range was quite large, being the
mean age at insertion 6.5 years (range 1 day–20 years). Except
for premature neonates, the efficacy of AICs in reducing the
infection rate in the other high-risk groups was not referred to
the age at insertion (i.e., distinguishing between neonates, in-
fants, children, and adults). Moreover, the authors did not
include posthemorrhagic hydrocephalus as a high-risk catego-
ry. Conversely, in the present study, young age at insertion and
posthemorrhagic hydrocephalus were considered as important
risk factors for patients’ stratification. In contrast with the
aforementioned studies, in 2008, Hayhurst and colleagues
[18] reported a similar incidence of shunt infections in pedi-
atric patients treated with AICs (9.8 %) as compared to cases
implanted with non-AICs (10.4 %), suggesting that AICs are
efficient only in specific pediatric subgroups. In particular, the
authors reported only an encouraging trend toward a reduction
of the shunt infection rate in neonates implanted with a de
novo shunt in the AIC group (from 27 to 10.7 %). Neverthe-
less, the difference was not statistically significant. Therefore,
the young age at insertion was considered as a main risk factor
to stratify the study population but the final findings were
hampered by the fact that the neonate group was almost ex-
clusively composed by patients treated with a de novo shunt
(28 of 33 cases). Therefore, no data were reported about the
efficacy of AICs in neonates belonging to other specific risk
categories (i.e., previous EVD and posthemorrhagic or
postinfective hydrocephalus). Conversely, in the present pa-
per, the young age at insertion was the main risk factor used to
select the study population. Then patients were further strati-
fied according to other specific risk factors, in particular, pre-
maturity, postinfective and posthemorrhagic hydrocephalus,
and a previous EVD. Lastly, Kan and Kestle [38] reported
the lack of a protective effect of AICs in children both in terms
of infection rate and average time to infection (mean age at
insertion: AIC group 7.9 years–non-AIC group 6.8 years).

Several studies confirmed that age at shunt insertion repre-
sents one of the most important risk factors for shunt infec-
tions. In particular, infection rate is reported to be as higher as
earlier the shunt is implanted [2, 6, 13–15]. Pople et al. [14]
reported a shunt infection rate almost three times higher in
patients younger than 6 months old, as compared to older
children. Similarly, Renier et al. [15] reported that shunt in-
fection was 2.6 times more frequent before 6months than after
1 year of age. These findings have been explained through a
relative deficiency of the immune response in younger chil-
dren against bacteria [14].

Starting from these evidences, in the present study, we an-
alyzed the efficacy of AICs in a cohort composed only by
children younger than 1 year old. We observed an overall
reduction of shunt infections from 34 % in children treated
with non-AICs to 9 % in those implanted with AICs. When
assessing the infection rate according to age at insertion, we
observed a trend in the decrease of infection rate in infants, but

Fig. 6 Kaplan–Meier plot of time to shunt infection analysis. The median
time to shunt infection from the initial surgery was 25 days for AIC group
and 160 for non-AIC group. The log–rank analysis showed that shunt
infection rate was reduced in patients treated with AICs (Group A) as
compared with patients implanted non-AICs (Group B; p=0.049). The
hazard ratio was 0.245 and the reciprocal hazard ratio was 4.069
suggesting that patients treated with non-AICs have a fourfold
increased risk for shunt infection during the first year from surgery as
compared with patients who received AICs
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it was not statistically significant. Conversely, there was a
significant difference in the newborn subgroup, where the
infection rate dropped from 33.3 % in non-AICs to as low as
0 in AICs, respectively.

Prematurity, defined as a gestational age <37 weeks at
birth, has been reported as being another of the most signifi-
cant risk factors for shunt infection [2, 10, 13]. The association
between premature birth and shunt infection can be explained
with the weakness of the immune response of neonates. In
addition, premature babies are characterized by an immaturity
of the skin, responsible for a different bacterial skin coloniza-
tion with predominance of coagulase-negative Staphylococci,
especially S. epidermidis, which is known as the most fre-
quent microorganism responsible of shunt infections [44]. In
our series of patients, the use of AICs significantly reduced the
shunt infection rate in premature children from 50 % in pa-
tients who received non-AICs to 0 in the ones who were treat-
ed with AICs.

Intraventricular hemorrhages and CNS infections as causes
of hydrocephalus are associated with a high risk of shunt
infection [2, 6, 8, 10, 11, 16, 45, 46]. In particular, posthem-
orrhagic hydrocephalus has been reported as a risk factor for
shunt infection, with a relative risk (RR) of 2.07, twofolds
higher than other etiologies [16]. We observed a statistically
significant reduction of shunt infections from 71.4 % in pa-
tients with posthemorrhagic hydrocephalus implanted with
non-AICs to 12.5% in those treated with AICs. Similar results
were obtained for patients with postinfective hydrocephalus,
with a reduction from 66.6 % (non-AICs) to 0 cases (AICs).
However, for the latter category, the reduction was not statis-
tically significant, presumably due to the small size of avail-
able cases included in the present series.

The shunt insertion in hydrocephalic cases initially treated
with the implant of an EVD is frequently correlated with a
significant risk of infection [11]. This specific subgroup of
pediatric patients has been reported to be particularly vulner-
able to shunt bacterial colonization, associated to an increas-
ing possibility of intrinsic bacterial resistance [18]. In our
cases, we recorded a protective effect of AICs demonstrated
by a statistically significant decrease of shunt infections from
83.3 % in the non-AIC group to 14.2 % in the AIC group.
These findings are in contrast to that of Hayhurst et al. [18],
who reported an unacceptable increase of the shunt infection
rate up to 20.3 % in patients treated after the insertion of
previous AIC used as EVD. They speculated that such an
increase could be due to the selection of rifampicin- and/or
clindamycin-resistant Gram-positive bacteria or Gram-
negative microorganisms. However, the authors underlined
that no CSF microbiological samples were tested for resis-
tance against clindamycin or rifampicin, and, moreover, the
Gram-negative infection rate was comparable with data re-
ported in literature (15–20 %). Therefore, the hypothesis that
AICs used for EVD could select resistant microorganisms was

not demonstrated. In the present study, we did not record
Gram-negative infections in the AICs post-EVD group.More-
over, our findings are concordant with that of Parker et al.
[43], who reported a similar dramatic reduction of the infec-
tion rate in the AICs post-EVD group (from 13.3 % to zero).
Maybe the different findings of Hayhurst et al. [18] could be
due to a limited number of post-EVD patients in the control
group (11 cases) that could have affected the comparison with
the AIC group (54 cases).

To better assess the protective effect of AICs, we evaluated
the odds ratio for each high-risk subgroup. AICs were able to
significantly protect children younger than 1 year from shunt
infection. The protection was higher in newborns than in in-
fants and among the other high-risk categories. The strongest
protection of AICs was observed in children converted from a
previous EVD to a definitive VP shunt. A less powerful, but
significant protective effect was recorded in premature pa-
tients and in children with posthemorrhagic hydrocephalus.
Lastly, AIC’s protective effect in children with postinfective
hydrocephalus was slightly strong, although this finding was
not statistically significant due to the limited number of pa-
tients available for this specific category.

Another important aspect that needs to be clarified to better
assess the efficacy of AICs in preventing infections is the
source of the shunt colonization. It has been demonstrated that
the most part of shunt infections are acquired during surgery
due to the contamination of the surgical field with microor-
ganisms from surgeon’s gloves or from patients’ skin [29, 47,
48]. These contaminations have been defined as Bearly ac-
quired infections^ and have to be distinguished from the less
frequent Blate acquired infections.^ The latter are frequently
determined by a secondary contamination of the shunt system
from different causes such as the presence of skin lacerations
or ulceration near the catheters subcutaneous route or valve or
the successive neurosurgical procedures that can cause a CSF
leak [49]. However, infections can become clinically evident
after a variable time interval from contamination. About two
thirds of cases are diagnosed within 30 days from shunt sur-
gery and more than 90 % within 1 year [50]. Only 10 % of
infections become clinically evident after 1 year, and they
usually are late acquired infections [51]. AICs have been de-
signed to protect patients only from early acquired infections,
being active up to 56 days in vitro [33]. Therefore, they cannot
give any protection against late acquired shunt infections. This
could be the explanation for some literature evidences,
reporting similar shunt infection rates using AICs and non-
AICs [41]. Starting from these evidences, we compared shunt
infection rate in AIC vs. non-AIC groups according to the
period of presentation during the first year of follow-up. In
order to avoid a bias in collecting patients, we excluded from
our series all patients who presented risk factors for late ac-
quired infection such as skin ulcerations near the shunt course
or as neurosurgical procedures that could determine CSF
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leakage or infections. Therefore, all the infection cases report-
ed in the present study have to be considered as early infec-
tions acquired during the shunt insertion. The median time to
shunt infection was 25 days for the AIC group and 160 days
for the non-AIC group. The log–rank analysis showed a sta-
tistically significant difference between the two curves, show-
ing that patients treated with non-AICs had a fourfold in-
creased risk of shunt infection during the first year after sur-
gery as compared to patients treated with AICs. The shorter
time to shunt infection observed in the AIC group could be the
effect of a higher protection against infection. In fact, in case
of AIC failure, the infection becomes clinically evident more
rapidly than using the non-AICs. Conversely, the absence of
symptoms and signs of infections after the first month from
shunt insertion could be considered as a reasonable sign of the
efficacy of the infection prevention strategy in the AICs pa-
tients, but not in the non-AICs ones. These findings seem to
confirm the protective effect of AICs.

Nevertheless, this study has some limitations that can re-
duce the strength of our findings. First of all, the present study
is a retrospective case–control study (AIC vs. non-AIC
group). It reports a single-center experience in a relatively
small number of patients. This limitation was more evident
especially when we compared the infection rate among the
different high-risk subgroups, due to the small number of pa-
tients included in each category. This reduced the strength of
the statistical analysis. Although the odds ratio analysis
showed a significant protective effect of AICs for almost all
the high-risk subgroups, the 95 % confidence intervals ap-
peared to be quite large. Moreover, in children with
postinfective hydrocephalus and in infants, the protective ef-
fect of AICs did not reach a statistical significance. Lastly, the
monoinstitutional design of the present study did not allow us
to reduce some important bias such as the difference in shunt
infection rates due to different procedures for infection pre-
vention that could be used in different institutions (type of
antibiotic prophylaxis, change of gloves during surgery, use
of antibiotics in washing solutions, number of surgeon in the
operating theater, etc.). Taking into account all these limita-
tions, an objective analysis of our findings suggests that the
present study provides only preliminary data about the effica-
cy of AICs in the most vulnerable subgroups of pediatric
patients. In fact, the aim of the authors was to shed light on
lack of literature and to underline the need of a multicenter
randomized controlled trial for assessing the real efficacy of
AICs in high-risk infants and newborns.

Conclusions

This study demonstrates, for the first time, that AICs are ef-
fective in reducing the shunt infection rate in very high-risk
pediatric patients younger than 1 year old (newborn and

infants). We observed a significant reduction of the shunt in-
fection rates in all the analyzed subgroups. In particular, the
AIC protective activity was more significant in newborns and
in specific high-risk subgroups such as children with previous
EVD, posthemorrhagic and postinfective hydrocephalus, and
prematures. However, the retrospective observational case–
control nature of the present study and the relatively small
number of patients, especially considering the specific sub-
groups, cannot allow us to draw definitive conclusions. A
larger prospective, blinded, randomized controlled trial with
adequate power is still needed to confirm these results and to
provide any recommendation for or against the routine use of
AICs in young children, who still need a real and effective
protection against shunt infections.
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