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Abstract

Aim: Hydrocephalus is a common condition in neurosurgical practice in patients of all
ages. Despite significant advances in the technology and design of ventriculoperitoneal
(VP) shunt systems, shunt failure remains a major problem in neurosurgical clinics. An-
tibiotic prophylaxis is an important step in protocols to prevent VP shunt infections. In
this study, we investigated VP shunt infection incidence and VP shunt infection prophy-
laxis used in pediatric hydrocephalus cases at our center and the parameters that may
influence shunt infection.
Materials and Methods: Between 01/01/2018 and 01/01/2023, cases younger than 18
years of age who underwent VP shunt surgery in our hospital were included in the study.
Clinical data and demographic information were retrospectively obtained from medical
records. The primary results of our study were the frequency of VP shunt infection in the
first 3 months after surgery and whether there was a difference in shunt infection between
antibiotic applications used for prophylaxis. Other factors that may influence VP shunt
infection were evaluated as secondary outcomes.
Results: Within a 5-year period, 28 cases were identified that met our study crite-
ria. The overall rate of VP shunt infections was 21.4%. In 85.7% of patients, 3rd-
generation cephalosporins were used for prophylaxis, and in the others (14.3%), 1st-
generation cephalosporins were used. VP Shunt infections did not occur in patients re-
ceiving 1st generation cephalosporins. However, possibly due to the limited number of
cases, no statistical significance (p=0.549) was detected between the groups. There was
no statistical difference in other demographic data between the groups with and without
VP shunt infection.
Conclusion: In our patient group, which was predominantly infants, prophylactic use of
1st-generation cephalosporins to prevent VP shunt infection showed similar efficacy to the
use of 3rd-generation cephalosporins. 1st-generation cephalosporins should be preferred,
especially in terms of reducing costs and resistant infections.

Copyright © 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Hydrocephalus is a common condition in neurosurgical
practice in patients of all ages. Despite the increasing use
of endoscopic third ventriculostomy, the ventriculoperi-
toneal (VP) shunt has been the treatment of choice for
hydrocephalus since the invention of the shunt valve by
John Holter in 1959 [1]. Despite significant advances in the
technology and design of VP shunt systems, shunt failure
remains a major problem in neurosurgical clinics.
Infections associated with VP shunt are a serious compli-
cation with high morbidity and significant mortality [2].
Infection rates range from 0.33% to 41%, and recent stud-
ies report a risk ranging from 1% to 6% per procedure [3].
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Infections associated with VP shunt are most commonly
caused by coagulase-negative staphylococci [4-8]. Gram-
negative bacteria are the second most common pathogens,
accounting for 19-22% of cases [4,6,9]. Some independent
risk factors for VP shunt-associated infections have been
identified in previous studies. These are: previous shunt
infections, postoperative cerebrospinal fluid (CSF) leak,
prematurity, young age at shunt placement, hydrocephalus
due to hemorrhage, presence of gastrostomy, duration of
shunt placement, experience of the neurosurgeon, and den-
sity of the operating room [3-5,10,11].
There are several protocols and approaches to prevent VP
shunt infection. An important step in these protocols is
antibiotic prophylaxis. However, there is not yet a univer-
sally accepted approach in this regard. Which antibiotic
is administered in which access and in which time period
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varies widely from center to center. In this study, we aimed
to investigate VP shunt infection prophylaxis in pediatric
hydrocephalus at our center and the parameters that may
influence shunt infection.

Materials and Methods
Between 01/01/2018 and 01/01/2023, cases under 18 years
of age who underwent VP shunt placement in our hospital
were included in the study. Local ethics committee ap-
proval was obtained before the study (Baskent University
Institutional Review Board, KA23/234) was conducted.
Patients who were treated with therapeutic antibiotics be-
fore the procedure for any reason were excluded from the
study (flow chart). The data set was created using previ-
ously defined demographic data and risk factors associated
with VP shunt infection. Clinical data and demographic
information were retrospectively obtained from medical
records. The primary outcomes of our study were the fre-
quency of VP shunt infections in the first 3 months after
surgery and whether there was a difference in shunt infec-
tions between antibiotic applications used for prophylaxis.
Other factors that may influence VP shunt infections were
examined as secondary outcomes. The other factors were
age, gender, duration of prophylaxis and hospital stay, du-
ration of surgery, prematurity, preoperative central ner-
vous system infection, etiology, and shunt revision. We
also examined the following preoperative laboratory tests:
leukocytes, C-reactive protein (CRP), CSF culture.
The hypothesis of our study was that there is a difference
in the incidence of VP shunt infections between the 2 most
commonly used antibiotics in VP shunt prophylaxis in our
pediatric patients. The Fisher exact test was used to test
this hypothesis. We used the program G Power 3.1.9.4
for the power analysis. With a margin of error of 0.05
and an effect size of 50%, the power of our study was
91%. Data were analysed with SPSS version 25.0 (SPSS,
Inc, Chicago, IL, USA). Normality of data distribution
was checked. Descriptive statistics of normally distributed
variables were expressed as mean ± standard deviation and
median (min-max) of nonnormally distributed variables.
When the number of groups was two, the t test was used
for continuous variables with normal distribution and the
Mann Whitney U test was used for continuous variables
with nonnormal distribution. The chi-square test was used
for categorical variables. P < 0.05 was accepted as the
statistical significance criterion for all data.

VP shunt infection definition
Definite infection: Definite infection was defined as a pa-
tient has growth of pathogenic bacteria in the CSF or in a
blood culture, and CSF pleocytosis (more than 50 leuko-
cytes per millimeter) is accompanied by any of the follow-
ing: fever, neurologic symptoms, abdominal symptoms, or
shunt dysfunction [5]. Possible infection: It was defined
as the detection of CSF pleocytosis in cases with fever
and neurologic symptoms, although no pathogenic bacte-
ria have grown in the CSF culture [5].

Results
Within a 5-year period, 28 cases were identified that met
our study criteria. Fourteen (50%) of the patients were

male. The most common etiologic reason for the need for
a VP shunt was congenital (75%). Antibiotic-impregnated
shunts were not used in any of our patients. Most cases
(71.4%) were patients who received a VP shunt for the
first time. In 9 cases (32.1%), prematurity (34 weeks
and less) was present. The overall rate of VP shunt
infection was 21.4%. For prophylaxis, 3rd-generation
cephalosporins were used in 85.7% of patients and 1st-
generation cephalosporins in the remainder (14.3%). No
VP shunt infections were observed in patients receiving
1st-generation cephalosporins. However, possibly due to
the limited number of cases, no statistical significance
(p=0.549) was observed between the groups (Table 1).

Figure 1. Flow chart.

Table 1. The relationship between postoperative ven-
triculoperitoneal shunt infection and antibiotic prophy-
laxis.

Antibiotic prophylaxis

Shunt

Infection

1st-generation

cephalosporin

3rd-generation

cephalosporin

p value

Yes, n (%) - 6 (100)
0.549

No, n (%) 4 (18.2) 18 (81.8)

P < 0.05 was accepted as the statistical significance criterion for all data.

Table 2. Relationship between etiology and postoperative
ventriculoperitoneal shunt infection.

Etiology

Shunt

Infection

Trauma Congenital Intracranial

hemorrhage

p value

Yes, n (%) - 4 (19) 2 (33.3)
0.654

No, n (%) 1 (100) 17 (81) 4 (66.7)

P < 0.05 was accepted as the statistical significance criterion for all data.
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Table 3. Relationship between postoperative ventricu-
loperitoneal shunt infection and demographic and clinical
characteristics.

Shunt Infection

Yes No p value

Age at surgery, month, 2 4 0.214

median (min-max) (1-12) (1-120)

Gender, Male, n (%) 4 (66.7) 10 (45.5) 0.357

Preoperative CNS

infection, yes, n (%)

- 1 (4.5) 1.000

Duration of prophylaxis,

days,

4 3 0.427

median (min-max) (2-7) (1-10)

Shunt revision, yes, n (%) 2 (33.3) 6 (27.3) 0.771

Preoperative leukocytes,

cells/mL,

9835 12750 1.000

median (min-max) (7890-26900) (5650-20500)

Preoperative CRP,

mg/dL,

0.72 0.5 0.743

median (min-max) (0.26-1.90) (0.5-13.20)

Preoperative hospital

stay > 48h, yes, n (%)

2 (33.3) 11 (50) 0.468

Postoperative hospital

stay > 48h, yes, n (%)

5 (83.3) 14 (63.6) 0.360

Prematurity, yes, n (%) 2 (33.3) 7 (38.9) 0.808

Surgical time > 90 min,

yes, n (%)

1 (16.7) 6 (27.3) 0.595

P < 0.05 was accepted as the statistical significance criterion for all data.

The distribution of causative microorganisms in our 6 pa-
tients who developed VP shunt infection was as follows: 2
Klebsiella pneumoniae (one resistant to cefazolin and the
other was not investigated), 2 coagulase-negative staphylo-
cocci (both resistant to methicillin and cefazolin), 1 Enter-
obacter aerogenes (resistant to cefazolin), and 1 Ecshericia
coli. Regarding the causes, the risk of shunt infection was
highest in the group that developed hydrocephalus after
intracranial hemorrhage (33.3%). However, there was no
statistical difference (p=0.654) in etiologic causes (Table
2). There was also no statistical difference in other de-
mographic data between the groups with and without VP
shunt infection. These data are summarized in Table 3.

Discussion
Hydrocephalus is a condition in which CSF accumulates
in the cerebral ventricles and subarachnoid spaces, result-
ing in enlargement of the ventricular system and increased
intracranial pressure [12]. Intracranial ventricular shunts
are siliceous tubes that drain pathologic CSF excess from
the cerebral ventricles to the outside (external ventricu-
lar shunts) or to other body cavities (internal ventricular
shunts), where the fluid can be absorbed by normal physi-
ologic processes. Up to 30% of internal ventricular shunts
will need replacement or modification at some point during

a patient’s life. VP Shunts are the most commonly used
internal ventricular shunt. Infection is one of the most im-
portant complications associated with internal ventricular
shunts [13]. The mortality rate due to VP shunt infection
is approximately 10% and is also associated with a low
Glasgow discharge score and school success [14].
In our limited case series, the infection rate of the VP
shunt was 21.4%. A wide range of infection rates has been
reported in the literature. In some studies, the infection
rate was as high as 40%, and rates were generally found
to be higher in infants and young children (approximately
20%) [15,16]. The incidence of infection in our patients,
most of whom were infants, was similar to that reported
in these studies. One reason for the difference in infection
rates may be the lack of consensus on the definition of
shunt infection.
In the cases included in our study, 1st- and 3rd-generation
cephalosporins were used for prophylaxis. In 85.7% of
cases, 3rd-generation cephalosporins were preferred. In
4 cases in which a 1st-generation cephalosporin was used,
no postoperative shunt infection was detected, but this
situation did not result in a statistically significant differ-
ence between the 1st-generation cephalosporin group and
the 3rd-generation cephalosporin group (p=0.549). In VP
shunt prophylaxis, there is no clear consensus on which an-
tibiotic should be administered, in which way, and for how
long. The 2019 Cochrane meta-analysis examined 11 ran-
domized controlled trials in adult and pediatric patients
and found that only the use of prophylactic antibiotics
by the intravenous route (IV) reduced the incidence of
shunt infections. However, no clear results were obtained
on which antibiotic is best for prophylaxis and how long it
should be given [17]. Nevertheless, some studies show that
vancomycin should be preferred over the cephalosporin
group. In a study that included adults and children and
evaluated a 6-year period, cephalosporin resistance was
found to increase over time in VP shunt infections [18]. In
addition, the most commonly detected microorganisms in
VP shunt infections are staphylococci, and the high me-
thicillin resistance demonstrated in studies makes it more
reasonable to prefer vancomycin for prophylaxis. There
are also adult studies showing that vancomycin may be
more effective than cefazolin in prophylaxis [5]. There is
no consensus on the duration of antibiotic prophylaxis.
A 2006 Cochrane analysis found that prophylaxis longer
than 24 hours had no added benefit in reducing shunt in-
fections. Our study it was determined that very different
prophylaxis duration were used in the two groups, but no
statistically significant difference was found between the
groups in terms of median durations.
In our study, we could not obtain clear data on how long
before surgery the antibiotic used for prophylaxis was ad-
ministered. In our routine practice and in many centers,
the IV antibiotic infusion is usually started half an hour
or one hour before surgery. In a study examining van-
comycin concentration at the surgical site and evaluating
60 patients under 19 years of age who had undergone pos-
terior spinal fusion and VP shunt surgery, it was found
that the maximum skin concentration was reached after
approximately 330 minutes. This study suggests that if
IV vancomycin is preferred for prophylaxis, preoperative
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infusion should begin much earlier [19]. Clearly, further
studies are needed on this topic.
Previous studies found that patients who underwent VP
shunt surgery for the first time were less likely to develop
VP shunt infection than patients who had shunt revision
[5,20]. Although there was no statistical significance, our
results were in the same direction. In one study, it was
shown that a postoperative hospital stay of more than 48
hours significantly increased the risk of VP shunt infec-
tion [12]. However, in our study, we did not find any ef-
fect of hospitalisation longer than 48 hours before or after
surgery on VP shunt infection. Whether the etiology of
hydrocephalus affects the frequency of VP shunt infection
has been investigated in some previous studies [21-23]. As
in our study, no significant differences between etiologic
causes were found in these studies. Previous studies have
shown that surgical duration longer than 90 minutes and
prematurity increase the risk of VP shunt infection, but
we did not find such a difference in our study [12,24,25].
We think that our limited number of cases may have an
influence on this result.
Our study has some limitations. The main limitation is
the retrospective nature of the study. Apart from that, we
have no cases of hydrocephalus caused by tumor because
there is no pediatric oncology in our hospital, and there are
also few cases from the meningomyelocele group because
almost all cases in this group are treated empirically with
antibiotics before surgery. This situation may lead to bias,
especially when comparing etiologic causes. The strength
of our study is that there are few studies comparing the
efficacy of antibiotics in pediatric VP shunt infection pro-
phylaxis.

Conclusion
Consequently, prophylactic use of 1st-generation
cephalosporins in our patient group, in which in-
fants predominate, showed similar efficacy to the use of
3rd-generation cephalosporins in preventing VP shunt
infections. First-generation cephalosporins should be
preferred primarily for cost reduction and prevention of
resistant infections.

Ethical approval
This study was approved by Baskent University Institu-
tional Review Board (KA23/234).

References
1. Baru JS, Bloom DA, Muraszko K, Koop CE. John Holter’s

shunt. J Am Coll Surg. 2001;192(1):79-85. doi:10.1016/s1072-
7515(00)00743-2.

2. Blount JP, Campbell JA, Haines SJ. Complications in ven-
tricular cerebrospinal fluid shunting. Neurosurg Clin N Am.
1993;4(4):633-656.

3. Zervos T, Walters BC. Diagnosis of Ventricular Shunt Infec-
tion in Children: A Systematic Review. World Neurosurg.
2019;129:34-44. doi:10.1016/j.wneu.2019.05.057.

4. Al-Shudifat A, Alsabbagh Q, Al-Matour B, et al. Analysis
of the Rate and Pattern of Ventriculoperitoneal Shunt In-
fection and Ventricular Catheter Culture Yield: A 10-Year
Single-Institute Experience. Pediatr Neurosurg. 2020;55(2):81-
85. doi:10.1159/000508331.

5. Lee JK, Seok JY, Lee JH, et al. Incidence and risk factors of ven-
triculoperitoneal shunt infections in children: a study of 333 con-
secutive shunts in 6 years. J Korean Med Sci. 2012;27(12):1563-
1568. doi:10.3346/jkms.2012.27.12.1563.

6. Schoenbaum SC, Gardner P, Shillito J. Infections of cere-
brospinal fluid shunts: epidemiology, clinical manifes-
tations, and therapy. J Infect Dis. 1975;131(5):543-552.
doi:10.1093/infdis/131.5.543.

7. Singh A, Vajpeyi IN. Comparative study of lumboperi-
toneal shunt versus ventriculoperitoneal shunt in post menin-
gitis communicating hydrocephalus in children. Neurol India.
2013;61(5):513-516. doi:10.4103/0028-3886.121932.

8. Holt RJ. Bacteriological studies on colonised ventriculoatrial
shunts. Dev Med Child Neurol Suppl. 1970;22:83-87.

9. Ersahin Y, McLone DJ, Storrs BB, et al. Review of 3017 pro-
cedures for the management of hydrocephalus in children. Con-
cepts Pediatr Neurosurg 1989;9:21-8.

10. Dallacasa P, Dappozzo A, Galassi E, et al. Cerebrospinal fluid
shunt infections in infants. Childs Nerv Syst. 1995;11(11):643-
649. doi:10.1007/BF00300722.

11. Kulkarni AV, Drake JM, Lamberti-Pasculli M. Cerebrospinal
fluid shunt infection: a prospective study of risk factors. J Neu-
rosurg. 2001;94(2):195-201. doi:10.3171/jns.2001.94.2.0195.

12. Rekate HL. Treatment of hydrocephalus. In: Albright AL, Pol-
lack IF, Adelson PD editor(s). Principles and Practice of Pedi-
atric Neurosurgery. New York: Thieme, 1999:47-75.

13. Ratilal B, Costa J, Sampaio C. Antibiotic prophylaxis for sur-
gical introduction of intracranial ventricular shunts. Cochrane
Database Syst Rev. 2006;2006(3):CD005365. Published 2006 Jul
19. doi:10.1002/14651858.CD005365.pub2.

14. Vinchon M, Dhellemmes P. Cerebrospinal fluid shunt infec-
tion: risk factors and long-term follow-up. Childs Nerv Syst.
2006;22(7):692-697. doi:10.1007/s00381-005-0037-8.

15. Claus BC. Shunt Infection. In: H. Richard Winn editor(s).
Youmans Neurological Surgery. 5th Edition. Vol. 3, Philadel-
phia: Saunders, 2004:3419-25.

16. Bondurant CP, Jimenez DF. Epidemiology of cerebrospinal
fluid shunting. Pediatr Neurosurg. 1995;23(5):254-259.
doi:10.1159/000120968.

17. Arts SH, Boogaarts HD, van Lindert EJ. Route of antibiotic
prophylaxis for prevention of cerebrospinal fluid-shunt infection.
Cochrane Database Syst Rev. 2019;6(6):CD012902. Published
2019 Jun 4. doi:10.1002/14651858.CD012902.pub2.

18. Kumar V, Shah AS, Singh D, et al. Ventriculoperitoneal shunt
tube infection and changing pattern of antibiotic sensitiv-
ity in neurosurgery practice: Alarming trends. Neurol India.
2016;64(4):671-676. doi:10.4103/0028-3886.185408.

19. Brooks Peterson M, Cohen MN, O’Neill BR, et al. Preopera-
tive Vancomycin Administration for Surgical Site Prophylaxis:
Plasma and Soft-Tissue Concentrations in Pediatric Neurosur-
gical and Orthopedic Patients. Anesth Analg. 2020;130(5):1435-
1444. doi:10.1213/ANE.0000000000004340.

20. Omrani O, O’Connor J, Hartley J, James G. Effect of intro-
duction of a standardised peri-operative protocol on CSF shunt
infection rate: a single-centre cohort study of 809 procedures.
Childs Nerv Syst. 2018;34(12):2407-2414. doi:10.1007/s00381-
018-3953-0.

21. Pople IK, Bayston R, Hayward RD. Infection of cerebrospinal
fluid shunts in infants: a study of etiological factors. J Neurosurg.
1992;77(1):29-36. doi:10.3171/jns.1992.77.1.0029.

22. Schmidt K, Gjerris F, Osgaard O, et al. Antibiotic prophy-
laxis in cerebrospinal fluid shunting: a prospective randomized
trial in 152 hydrocephalic patients. Neurosurgery. 1985;17(1):1-
5. doi:10.1227/00006123-198507000-00001.

23. Ammirati M, Raimondi AJ. Cerebrospinal fluid shunt infec-
tions in children. A study on the relationship between the
etiology of hydrocephalus, age at the time of shunt place-
ment, and infection rate. Childs Nerv Syst. 1987;3(2):106-109.
doi:10.1007/BF00271135.

24. Abuhadi M, Alghoribi R, Alharbi LA, et al. Predictors and Out-
come of Ventriculoperitoneal Shunt Infection: A Retrospective
Single-Center Study. Cureus. 2022;14(7):e27494. Published 2022
Jul 30. doi:10.7759/cureus.27494.

25. McGirt MJ, Zaas A, Fuchs HE, et al. Risk factors for
pediatric ventriculoperitoneal shunt infection and predictors
of infectious pathogens. Clin Infect Dis. 2003;36(7):858-862.
doi:10.1086/368191.

353


