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ABSTRACT
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INTRODUCTION

Ventriculoperitoneal shunt (VPS) placement is the most common procedure for the treatment of hydrocephalus in
pediatric patients (1-7). In the United States, approximately 30,000 VPS are placed per year (8). Shunt complica-
tions following VPS placement are a serious problem and, in pediatric patients, the most common are shunt infec-
tions and obstruction. These complications increase morbidity and mortality and have high economic costs (4, 9).

Shunt obstruction accounts for approximately half of all shunt complications in the pediatric population (5, 6).
The risk of a shunt obstruction is highest in the early postoperative period. Debris or a clot in the cerebrospinal
fluid (CSF) or at the ventricular catheter site is a common cause of early obstructions. In contrast, causes of late
obstruction include choroid plexus adhesion to the ventricular end of the catheter and ependymal or immune
reactions (10).

Shunt infections are one of the most common causes of central nervous system infections and one of the most
serious complications of VPS placement (11). The rate of VPS infection is reported to be 5%-22% (6, 7, 12-15).
Following shunt infection, repeated surgical interventions may be required, severe neurological deficits may occur,
and prognosis may be negatively affected (4, 9, 16).

Several studies on shunt obstruction and infection as complications of VPS placement exist (5, 6, 17-21), but
none evaluate the relationship between shunt obstruction and shunt infection in the pediatric population or the
rate of shunt infection in obstruction cases. This study aimed to evaluate the relationship between shunt infections
and obstruction in pediatric patients who underwent VPS placement due to hydrocephalus at our clinic.

MATERIALS and METHODS

Patients aged 16 years and under who were diagnosed with hydrocephalus and underwent VPS placement per-
formed by the same surgeon at our clinic between January 2012 and June 2017 were followed up for a minimum
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of 1 year and were evaluated retrospectively. The following clinical
and microbiological data were obtained from the medical records:
age, sex, etiology of hydrocephalus, age at shunt insertion, shunt
placement site, shunt complications, and infectious agents.

The diagnosis of hydrocephalus was established based on physical
and neurological findings and imaging which included transfonta-
nelle ultrasonography (USG) and computed tomography (CT) ex-
aminations. If necessary, magnetic resonance imaging (MRI) and
CSF flow MRI were also performed.

Only patients who underwent initial VPS placement surgery were
included in the study. Patients who underwent revision surgery
were excluded. Neuronavigation was not used, and all surgical
steps were performed by the neurosurgeon. Only fixed pressure
shunts (without antibiotics) were used during the study period.

All patients underwent insertion of a VP shunt following a stan-
dard protocol. ““To avoid VP shunt infections, a strict aseptic sur-
gery was performed. Patients received an [V antibiotic (cefazolin)
30 minutes before VPS placement, and the same antibiotic was
maintained for 72 hours postoperatively. Cefazolin was used in
prophylaxis as it is a good option for infections caused by skin
flora (coagulase - or + Staphylococcus). Additionally, the shunt
system was immersed in a solution of 500 ml 0.9% saline con-
taining 500 mg vancomycin. Silicon pieces cut from the peritone-
al catheter were attached to the tips of the metal instruments that
were used to hold the catheters to avoid holding them by hand
or with metal tools” (3). The anesthetic time ranged between 45
and 75 minutes.

The diagnosis of shunt infection was established based on medi-
cal history, physical examination findings, CSF findings obtained
from the ventricles, Gram staining of CSF, and CSF culture. The
Department of Pediatric Infectious Diseases was consulted for all
patients. The diagnosis of shunt obstruction was established based
on medical history, physical examination, and radiological exam-
ination (CT and MRI) findings.

This study was approved by Erciyes University Faculty of Medicine,
Ethics Committee (23.02.2018-2018/105). Informed consent
was obtained from the legal guardians of the children.

Descriptive statistics were summarized as numbers and percentag-
es for categorical variables in the summary of the data obtained.
When the differences between categorical variables were com-

Table 2. Distribution of the patients by age and shunt complications
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Table 1. Distribution of patients by hydrocephalus etiology

Non-communicating n=73 Communicating n=137

Congenital Congenital
Aqueductal stenosis 3 Midline fusion defect 65
Dandy-Walker syndrome 19 Other 15
Other 20

Acquired Acquired
Aqueductal stenosis 13 Infection 2
Mass 14 Germinal matrix

haemorrhage 52

Other 4 Other 3

pared, Pearson’s chi-squared test was used in 2x2 tables, and Fish-
er—-Freeman—Halton Test was used in RxC tables. Statistical analy-
ses were performed using the Jamovi project (2018) and Jamovi,
version 0.9.0.3 (open-source computer software, https://www.
jamovi.org), and the significance level in statistical analyses was
considered as 0.05 (p-value).

This study included 210 patients aged 16 years and under who
were diagnosed with hydrocephalus and underwent VPS place-
ment between January 2012 and June 2017. All patients com-
pleted a minimum of one year of follow-up. Of these, 97 (46.2%)
and 113 (53.8%) patients were female and male, respectively. Of
these patients, 168 (80%) and 42 (20%) were in the 0-1and 1-16
age groups, respectively, and 73 patients (34.7%) had noncom-
municating hydrocephalus, while 137 (65.3%) had communicating
hydrocephalus (Table 1).

Shunt complications developed in 86 patients (40.9%); of
which, 69 (80.2%) and 17 (19.8%) were in the 0—1-year-old and
1-16-year-old age groups, respectively. Of the 210 patients,
shunt infection, shunt obstruction, and other shunt complications
were observed in 41 (19.5%), 53 (25.2%) (non-infection-related
in 31 and infection-related in 22), and 14 (6.6%) patients, respec-
tively (Table 2).

In 41 patients with shunt infection, the most common etiology of
hydrocephalus was intraventricular hemorrhage (IVH) of germinal
matrix origin (14/41; 34.1%).

Age Infection Obstruction Other*
Infection related Non-infection related
n % n % n % n %
0-1 34 16.2 18 8.5 28 134 8.3
1-16 7 3.3 4 1.9 3 1.4 3.3
Total 41 19.5 22 10.4 31 14.8 14 6.6

*; Shunt migration, subdural hematoma and effusion, pseudocyst
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Table 3. Relationship between shunt infection and aetiology, shunt site
and obstruction

Shunt infection

Infection (+) Infection (—) P

n=41 (%) n=169 (%)
Aetiology
Midline fusion defect 10 (24.39) 55 (32.54)
Dandy-Walker syndrome 8(19.51) 11(6.51) 0.013*
Germinal matrix haemorrhage 14 (34.15) 40 (23.67)
Other 9(21.95) 63 (37.28)
Shunt site
Frontal 31(75.61) 156 (92.31) 0.005*
Occipitoparietal 10 (24.39) 13 (7.69)
Obstruction
Yes 22 (53.66) 31(18.34) <0.001*
No 19 (46.34) 138(81.66)

*. Pearson Chi-Square test was used; **: Fisher-Freeman—Halton test was used.
Descriptive statistics are expressed as number (%)

In 19 patients with Dandy-Walker syndrome, 8 patients devel-
oped shunt infection, while 11 patients did not develop shunt
infection (Table 3).

In this series, 19.5% of the patients with shunt infection and 6.5%
of those without presented with Dandy-Walker syndrome. The in-

cidence of infection was significantly higher in patients with Dan-
dy-Walker syndrome (p=0.013).

The rate of shunt infection was significantly higher in patients in
whom VPS placement was performed from the occipitoparietal re-
gion (Frazier’s point) than in those in whom it was performed from
the frontal region (Kocher’s point) (43.5% vs. 16.6%, respectively;
p=0.005) (Table 3).

Obstruction occurred in 22 (53.6%) of the 41 patients with shunt
infection, and the rate was significantly higher in patients with
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shunt infection than in those without (53.6% vs. 18.2% respective-
ly; p<0.001) (Table 3).

In patients with shunt infection, the most common infectious
agent was Staphylococcus epidermidis (41.5%) (17 of the 41 pa-
tients). No growth was observed in CSF culture in 14 of the 41
patients (34.1%) (Table 4).

Among the 41 patients with shunt infection, 8 of the 14 patients
(57%) had obstruction without growth in CSF culture, and 6 of the
17 patients (35%) had Staphylococcus epidermidis infection. The
types of microorganisms that grew in the CSF culture of patients
with obstruction due to shunt infection are shown in Table 4.

Congenital hydrocephalus ranks first in the etiology of hydroceph-
alus cases. In the literature, congenital hydrocephalus was the etiol-
ogy in 286 (35%) of 820 patients in a study by McGirt et al., in 80
(54%) of 148 patients in a study by Habibi et al., and in 24 (50%)
of 48 patients in a study by Raffa et al. (4, 12, 14). In contrast,
794 (77.8%) of 1,021 patients in a series by Arslan et al. and 109
(35.6%) of 306 patients in a series by Giizelbag et al. presented
with hydrocephalus caused by midline fusion defect (MFD) (2, 22).
The etiologies of hydrocephalus in our series of 210 patients were
MFD in 65 (30.9%) patients, congenital in 57 (27.1%) patients,
IVH in 54 (25.7%) patients, and other causes (a mass or acquired
aqueductal stenosis) in 34 (16.3%) patients. Our findings were con-
sistent with those of Arslan et al. and Giizelbag et al. (2, 22).

Advances in shunt placement have reduced shunt complication
rates. The complication rate at the end of the first year after
shunt placement is approximately 40% (19, 23). In our series, 86
(40.9%) of the 210 patients developed shunt complications, which
is consistent with previous studies.

While shunt obstructions rank first among shunt complications
in childhood, shunt infections take second place (5, 6, 15, 20,
21). In a study by Salat et al. (15), 54 (16%) of the 338 patients
developed shunt obstruction, and 38 (11.2%) developed shunt
infection. Shahi et al. (20) reported that 57 (60%) of 95 patients
with shunt complications developed shunt obstruction in their

Table 4. Relationship between obstruction associated with shunt infection and infectious agents

Agent Obstruction as-sociated
with shunt infection (+)
n %
No growth 8 57.1
Staphylococcus epidermidis 6 35.3
Staphylococcus aureus 2 100
Coagulase(-)Staphylococcus 2 100
Escherichia coli 0 0
Acinetobacter 1 50
Pseudomonas 2 100
Stenotrophomonas maltophilia 1 100
Total 22 53.6

Obstruction associated Total

with shunt infection (—)
n % n %
6 42.9 14 34.1
11 64.7 17 41.5
0 0 2 4.9
0 0 2 4.9
1 100 1 2.4
1 50 2 4.9
0 0 2 4.9
0 0 1 2.4
19 46.4 41 100
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study. In the present study, 53 (61.6%) of the 86 patients who
developed shunt complications presented with shunt obstruction,
and consistent with the literature, this was the most common
shunt complication.

Some etiological factors for hydrocephalus are associated with an
increased rate of VPS-associated infections. A study by Arslan et
al. (2) reported that 180 of 198 patients with a shunt infection
presented with myelomeningocele (MM) therefore showing a sig-
nificant relationship between MM and shunt infection. Oktem et
al. (3) confirmed the relationship and observed that it was more
common than in patients with other etiologies. In their study of
290 patients with shunt infection, Yakut et al. (7) reported con-
genital causes as the most common etiology (65.5%). Habibi et al.
(12) reported in their study that shunt infections in 42 (61.76%) of
the 68 patients were due to congenital causes, that no relationship
was found between IVH and shunt infection, and that the rate of
shunt infection was low in patients with MM. Conversely, Lee et al.
(13) reported that the most common etiology in 82 patients who
developed shunt infection was IVH (17.1%). Similarly, McGirt et al.
(14) reported IVH as a risk factor for shunt infection in their study.
In this study, the most common etiology was IVH in 41 patients
with shunt infection (14/41; 34.1%). Additionally, the rate of Dan-
dy-Walker syndrome diagnosis was significantly higher in patients
with shunt infection (19.51%) than in those without shunt infection
(6.51%). Although no large series exist in the literature, immuno-
deficiency related to the Dandy-Walker syndrome was postulated
to be the cause (24-26).

In VPS procedures, the best site for ventricular catheter placement
is in the anterior of the lateral ventricle and the anterior of the fora-
men of Monro (27). The most commonly used entry points for this
purpose are the frontal or occipitoparietal regions (28).

Several studies have indicated a relationship between the VPS site
and shunt infection. In a comparative study of the frontal and pa-
rietal placement of ventricular catheters by Albright et al. (29), the
infection rate was similar between the procedures. Whitehead et al.
(30) examined 851 patients in their study (299 patients, anterior
and 552 patients, posterior) and reported that 10% of the patients
with anterior shunt placement and 9.2% of those with posterior
placement developed an infection. A study by Bierbrauer et al. (31)
reported that the posteriorly placed shunts functioned without in-
fection a little longer than the anteriorly placed ones and concluded
that neither placement showed any advantage in terms of infec-
tion. Maruyama et al. (17) reported in their 24-case study that no
significant difference in shunt infection and dysfunction was found
between the frontal and occipital entry sites. In this study, the rate
of infection was higher in patients who underwent VPS placement
from the occipitoparietal region than in those who underwent the
frontal procedure (43.5% vs. 16.6%). The high rate of infection in
shunts applied from the occipitoparietal region can be explained
with several factors. First of all, in our series, the number of patients
who underwent VPS placement from the frontal region was sig-
nificantly higher than the patients with occipitoparietal procedure
(187 vs. 23 patients, respectively). Therefore, since the number of
patients with VPS placement from the occipital region is low, the
rate of infection may be high. For this reason, large series in which
the number of patients is close to each other is needed, with VPS
placement from the frontal and occipital regions. Second reason
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may be that some of our patients presented with the Dandy-Walker
syndrome, which resulted in the use of a double shunt. In our se-
ries, all of the 19 patients with Dandy—Walker syndrome underwent
VPS placement from the occipitoparietal region, and all of them
had double shunt. Among the 19 patients with Dandy-Walker syn-
drome who underwent double shunt, 8 patients developed shunt
infection, while 11 patients did not. Of the 23 patients who un-
derwent VPS from the occipitoparietal region, 10 developed shunt
infection, and 8 of the 10 patients with shunt infection had Dandy-
Walker malformation. We think that the use of more occipitopari-
etal shunts, the use of double shunts, and the presence of immuno-
deficiency in patients with Dandy-Walker syndrome may increase
the infection rates in patients who underwent VPS placement from
the occipitoparietal region. Additionally, the length of procedures
to implant two catheters and a longer operative course may have
increased susceptibility to infection. Erps et al. (32) reported that
increased operative time increases the risk of shunt infection.

Studies in the literature regarding the rate of obstruction in patients
developing shunt infection are limited. However, Turhan et al. (6)
reported that 36 patients had shunt infection in their study of 111
patients with shunt dysfunction. Piatt et al. (18) reported that 55
patients had shunt infection in their study of 248 patients with
shunt dysfunction. In this study, 22 (41.5%) of the 53 patients
who developed shunt obstruction had an associated infection. The
increased risk of shunt obstruction in patients with shunt infection
was statistically significant.

The most common pathogen isolated in the culture sensitivity reports
was Staphylococcus epidermidis followed by Staphylococcus aureus
which is in line with other reports in the literature (4, 7, 13, 14).

We have found no study regarding infectious agents in patients who
develop shunt obstruction due to shunt infection. In this study, con-
comitant obstruction was observed in 6 (35%) of the 17 patients with
Staphylococcus epidermidis infection and 8 (57%) of the 14 patients
with shunt infection, but no growth in CSF culture was observed.

This study has some limitations. Firstly, it is a retrospective study
reporting a single-center experience. Secondly, shunt revision pa-
tients were not included in this study, and a single type of shunt
(fixed pressure without antibiotics) was used. Multicenter studies
with more cases will contribute to defining the relationship be-
tween shunt infection and obstruction.

In this study, the incidence of infection in patients who under-
went VPS placement from the frontal region was lower than in
patients who underwent the occipitoparietal approach. The rate
of obstruction in patients with shunt infection was three times
higher than in those without shunt infection. Among patients with
shunt infection, obstruction was detected in approximately half
of the patients with no growth in CSF culture and in one-third
of the patients with Staphylococcus epidermidis infection, which
was the most common cause of shunt infection. In conclusion, we
believe that shunt infection increases the rate of shunt obstruction,
and deciding on the treatment method by first determining the
presence of shunt infection in patients who present with shunt
obstruction would be appropriate.
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