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Abstract

Background—A small group of children have second and even more cerebrospinal fluid (CSF)
shunt infections (SI). We sought to describe the treatment approaches used for, and the
microbiology of, repeated shunt infections.

Methods—The study population included 31 children with second shunt infection (S1-2) among
those undergoing initial CSF shunt placement and treatment for initial infection at Primary
Children’s Medical Center. CSF shunt infection was defined as: 1) presence of bacteria in Gram
stain and/or culture of CSF, wound, and/or pseudocyst; 2) visible hardware; or 3) abdominal
pseudocyst; or (4) presence of bacteria in a blood culture in children with a ventriculoatrial shunt.
Infection rates were generated using per-patient denominators, and the concordance of organisms
across infections was summarized.

Results—Of the 31 children with SI-2, most were less than 6 months of age at initial shunt
placement (81%), male (77%), and with ventriculoperitoneal shunts (71%). Eighteen developed
SI-3 and 8 developed SI-4. Infection rates were 60% (95% confidence interval (CI): 42-75%,
n=18/30) for SI-3 and 47% (95% CI: 26-69%, n=8/17) for SI-4. The median time to SI-3 was 477
days (range 5-828) and to SI-4 was 2137 days (range 9-2137). Gram-positive organisms
predominated (93% of SI-2, 94% of SI-3). The majority of second shunt infections demonstrated
Gram-stain concordance with both the initial (first) shunt infection (58%, 95% CI: 41-74%) and
with the following (third) shunt infection (78%, 95% CI: 55-91%).

Conclusions—Children with second shunt infection experience high subsequent re-infection
rates with a long time to re-infection.
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Introduction

Infection is frequent in children with hydrocephalus treated by cerebrospinal fluid (CSF)
shunt placement, with reported per-patient infections rates ranging from 6.5 to 23.5%[1-7]
and occurring in approximately 11% of children within 24 months of uncomplicated initial
CSF shunt placement. [8] Most shunt infections (SI) occur within one month of CSF shunt
procedures. [9] A high percentage of pathogens originate from skin and the enteric system
and include Staphylococcus epidermidis, Staphylococcus aureus, and Gram-negative bacilli.
[10, 11] Thus, the prevailing hypothesis for CSF shunt infection is that the infecting
organism is introduced during surgical manipulation of the site.

A subset of children goes on to experience multiple CSF shunt infections. The relationship
between initial and subsequent CSF shunt infection is poorly understood. Some studies have
distinguished between a second or subsequent infection if the isolated organism differs from
that of the prior infection (re-infection), and an incompletely treated infection if the isolated
organism was of the same genus and species and occurred within one month of completion
of therapy from the prior infection (relapse). [10] However, this categorization has not been
consistently adopted in the literature.

The two largest cohorts of children with multiple shunt infections published in the literature
to date have described 18 and 10 children, respectively, with re-infection rates of 26% and
24%, respectively. [12, 13] Investigators have noted considerable variation in treatment
duration and methods of medical and surgical management of shunt infections that might
explain re-infections. [9, 10, 14, 15] Furthermore, while some studies have differentiated
between first and second infections, [13] none has examined second and subsequent CSF
shunt infections.

Using a dataset of children who underwent initial CSF shunt placement and initial CSF
shunt infection at a large, tertiary-care, academic children’s hospital, we recognized an
opportunity to assemble the largest population of children with multiple CSF shunt
reinfections in the literature to date. Our intent in this study was to examine characteristics
of second and subsequent CSF shunt infections in children. The aims of this study are to
describe (1) treatment approaches used in, and (2) microbiology of, repeated shunt
infections, including examining emerging antimicrobial resistance between first and second
CSF shunt infections.

Materials and Methods

Conceptual framework

First CSF shunt infection is called Sl-1, second CSF shunt infection is called SI-2, and all
subsequent CSF shunt infections are numbered in order of occurrence.

Study Population

The study population consists of 31 children who developed second shunt infection (SI-2)
after undergoing both initial CSF shunt placement and treatment for initial CSF shunt
infection at Primary Children’s Medical Center (PCMC). (Figure 1) Entry into the larger
study cohort required a child to undergo initial CSF shunt placement at PCMC between
1/1/1997 and 12/31/2006. Candidates for entry into the cohort were initially identified by a
query of the Intermountain Healthcare administrative dataset for an admission with a
primary International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) procedure code for placement of an extracranial ventricular shunt (02.3x); chart
review was then conducted to ascertain whether children underwent initial CSF shunt
placement during these admissions. After review of medical records for 909 candidates, we
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determined that 579 children had undergone initial CSF shunt placement at PCMC. For each
child, chart review of subsequent CSF shunt-related admissions before 12/31/2006 was
performed; we determined 122 children subsequently developed initial shunt infection. For
each child with initial shunt infection, a query of the administrative dataset for subsequent
admissions with an ICD-9-CM diagnosis code 996.63 was performed to ascertain candidates
for SI-2 and subsequent infection admissions. Focused chart review of all subsequent
admissions, with an emphasis on the candidate infection admissions, generated the study
population of 31 children with SI-2.

Data Collection

For every child who developed SI-2, we extracted information from the medical record
about patient factors, initial shunt placement, and all subsequent infection admissions.
Patient factors collected included gender, race/ethnicity, and etiology of hydrocephalus.
Initial shunt placement data included age at initial shunt placement, type of shunt placed
(including multiple shunts), and numbers of revisions between initial CSF shunt and initial
infection.

CSF shunt infections were ascertained by medical record review. While SI-1 episodes
occurred before 12/31/06, S1-2 and all subsequent infections were ascertained before
6/28/10. An infection was defined as one or more of the following criteria: 1) presence of
bacteria in a Gram stain and/or culture of CSF, wound swab, and/or pseudocyst fluid; or 2)
documentation of visible hardware; or 3) abdominal pseudocyst. In children with a
ventriculoatrial shunt in place, presence of bacteria in a blood culture was also considered a
CSF shunt infection. This definition of infection was arrived at by consensus among
pediatric neurosurgeons representing 4 clinical centers in the Hydrocephalus Clinical
Research network. [16] It did not include cultures that demonstrated growth in broth only.
Each infection episode met above criteria, but also included some duration of antibiotic
treatment and two surgical interventions.

Data collected about SI-1 and SI-2 included treatment and culture details. Treatment data
included date and time of initial infection surgery, initial surgical approach to infection (i.e.,
full removal and EVD placement followed by new shunt placement versus shunt
externalization), location of initial infection surgery (i.e. bedside versus operating room),
date and time of final infection surgery, type of shunt. Culture data included microorganism
recovered, Gram-stain (e.g. Gram-positive or Gram-negative), antibiotic susceptibilities,
presence and timing of new external ventricular drain (EVD)-associated ventriculitis,
presence and timing of bacteremia, date and time of first positive culture, negative CSF
cultures 3 days and 7 days prior to final infection surgery, and antibiotic treatment during
SI-1 to assess for emergence of antimicrobial resistance at SI-2. Cultures refer to the type of
culture that determined the presence of infection, most typically CSF.

For SI-3 and all subsequent infections, we ascertained date of first infection surgery, date
and time of first positive culture, microorganism recovered, and Gram-stain. For each child,
we also collected the date of last care received within Intermountain Healthcare before
6/28/10 and, where applicable, date of death or shunt removal.

Statistical Analysis

Univariate analysis was performed to describe the study population. All infection rates were
calculated using patient, rather than procedure, denominators. For infection rates, we used
all children with the infection in the numerator and all susceptible children in the
denominator. Given the variable follow-up for the children who remained in the population,
we also generated infection-free survival curves for all children with SI-2, SI-3, and SI-4. To
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generate time to shunt infection, we used the dates of first positive culture for the infection
episode and date of final infection surgery for the preceding infection episode. Median time
to re-infection for subsequent infections, as well as range, were calculated from Kaplan-
Meier curves. We generated 95% confidence intervals (Cls) for these estimates of infection
rates using the Wilson score method without continuity correction. [17] Finally, we used
univariate analysis to describe the microbiology of repeated shunt infections. SAS 9.2 was
used for all analyses and construction of Figures 2, 3, and 4.

Study Population

Characteristics of the 31 children with SI-2 are shown. (Table 1) The majority were under 6
months of age at initial shunt placement (n=25, 81%), male (n=24, 77%), and Caucasian
(n=27, 87%) with ventriculoperitoneal shunts (n=22, 71%).

Hydrocephalus etiology includes intraventricular hemorrhage secondary to prematurity and
intracranial cyst followed by aqueductal stenosis and myelomeningocele. Many children
(n=18, 58%) had no CSF shunt revision procedures before development of initial CSF shunt
infection.

Treatment approaches used in repeated CSF shunt infections

CSF shunt infections were diagnosed primarily by bacterial growth in CSF culture (SI-1
n=28, 91% and SI-2 n=25, 81%). (Table 2) The surgical approach to treatment of infection
was usually removal of CSF shunt (SI-1 n=30, 97% and SI-2 n=27, 87%). During the study
period, this was done frequently at the bedside (SI-1 n=21, 68% and SI-2 n=15, 48%) using
conscious sedation and sterile technique. (Data not shown) The majority of children had
negative CSF cultures 3 days (SI-1 n=22, 71% and SI-2 n=25, 81%) and 7 days (SI-1 n=21,
68% and SI-2 n=24, 77%) prior to final infection surgery. (Data not shown) The median
duration of externalization/EVD placement was longer than two weeks (SI-1 16 days, SI-2
15 days). Of the four children with multiple shunts in place at the time of SI-2, two
underwent full removal/EVD placement followed by new CSF shunt placement, and two
underwent externalization.

Of the 31 children with SI-2, 18 developed SI-3 and 8 developed SI-4. The reinfection rate
following SI-2 was 60% (95% ClI: 42—-75%, n=18/30) and following SI-3 was 47% (95% ClI:
26—69%, n=8/17); at the time of treatment for SI-2 and SI-3 one child in each group had
their shunt permanently removed. In contrast, the initial infection rate for the entire cohort
using a per-patient denominator was 21% (95% CI: 18-25%, n=123/579), and the second
shunt infection rate was 25% (95% CI: 18-34%, n=31/123).

Infection-free survival curves are shown in Figure 2. The median time to SI-3 was 477 days
(range 5-828) and to SI-4 was 2137 days (range 9-2137), compared to a median of 65 days
(range 3-2326) to SI-2 following SI-1.

Microbiology of repeated shunt infections

Figure 3 lists the microorganisms isolated at SI-1 and SI-2 for each child. At the time of
diagnosis of SI-2, 27 organisms grew from the CSF of 26 children. The vast majority of
organisms at SI-2 were Gram-positive (93%, 25/27), including primarily coagulase negative
Staphylococcus species (56%, 15/27), followed by S. aureus (19%, 5/27) and S. viridans
(11%, 3/27); Gram-negative organisms comprised the remainder (7%, 2/7). Three (10%,
3/31) of the SI-2 infection episodes were polymicrobial (patients E, O, and BB).

Pediatr Infect Dis J. Author manuscript; available in PMC 2012 September 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tuan et al.

Page 5

As shown in Figure 3, more than half of the children with SI-2 (18/31, 58%, 95% CI: 41—
74%) demonstrated Gram-stain concordance between Sl-1 and SI-2, whereas one-third of
the children (10/31, 32%, 95% CI: 19-50%) demonstrated Gram-stain discordance at SI-2.
Three children had infection diagnosed by visible hardware and are not considered. The
median time between SI-1 and SI-2 was 83 days (range 5-2326 days) for the concordant
group and 79 days (range 3-1456 days) for the discordant group (log rank test p =0.5).

We looked for evidence of emerging antimicrobial resistance among the 18 children with
Gram-stain concordance in CSF cultures between SI-1 and SI-2. Three of SI-2 organisms in
CSF (17%, 95% CI: 6—-39%) were resistant to antibiotics used to treat SI-1; these organisms
included S. viridans (child P) and S. epidermidis (children BB and EE).

Nine of the children (29%, 95% CI: 16-47%) had identical organisms grown in either CSF
and/or wound cultures at SI-2 to those in their initial shunt infection. Three infections (10%,
95% CI: 3-25%) were of the same organism within one month of completion of therapy for
the first infection, meeting “relapse” criteria used by previous authors. [10]

For the 18 children who developed SI-3, Figure 4 lists the microorganisms isolated from
subsequent infection episodes by child. At SI-3, Gram-positive organisms comprised the
vast majority of organisms (94%, 16/17), including primarily S. aureus (47%, 8/17),
followed by coagulase negative Staphylococcus species (24%, 4/17) and S. viridans (12%,
2/17); Gram-negative organisms comprised the remainder (6%, 1/17). Most children
demonstrated Gram-stain concordance between SI-2 and SI-3 (14/18, 78%, 95% CI: 55—
91%). One child (1/18, 6%, 95% CI: 1-26%) demonstrated Gram-stain discordance. Seven
children (7/18, 36%, 95% CI: 20-61%) had identical organisms grown in CSF cultures in
both SI-2 and SI-3 episodes; one of the infections (6%, 95% CI: 1-26%) was within one
month of completion of therapy for the first infection.

As shown in Figure 4, after SI-4, Gram-negative organisms comprised an increasing
proportion of the small numbers of CSF specimens.

Discussion

We assembled the largest group of children with multiple shunt infections, and the first to
distinguish first, second, and subsequent infections, to date. Treatment usually included
removal of infected CSF shunt and EVD placement followed by new shunt placement after
about two weeks of IV antibiotic treatment. After second CSF shunt infection, the re-
infection rate was 60%, and the median time to subsequent infections was prolonged. Over
half of children demonstrated Gram-stain concordance with initial shunt infection (58%) and
with subsequent infection (78%). A minority (17%) demonstrate an emergence of
antimicrobial resistance. Approximately one third of infections had identical organisms with
initial infection (29%) and with subsequent infections (36%), but a minority (10% and 6%
respectively) occurred within one month of completion of therapy from the prior infection
(relapse). Among children with multiple CSF shunt infections, Gram-positive organisms
predominated (93% of SI-2, 94% of SI-3) but after SI-4, Gram-negative organisms
comprised an increasing proportion of the CSF bacterial species.

The study population was predominantly under the age of 6 months at the time of initial
CSF shunt placement, male, Caucasian, with ventriculoperitoneal shunt placement.
Treatment of CSF shunt infections was consistent in the population. The vast majority
underwent shunt removal, and the duration of externalization/EVD placement was
consistently about two weeks. Future studies within this cohort will examine differences
between children who only develop initial shunt infection and those who develop recurrent
shunt infections.

Pediatr Infect Dis J. Author manuscript; available in PMC 2012 September 1.
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The rates of initial infection and second infection in our study cohort are consistent with
reports in the literature using per-patient denominators. [1-7] In contrast, the re-infection
rate following second shunt infection of 60% is a new finding that is much higher than
previous reports of CSF shunt infection. However, no prior work has distinguished between
second and subsequent CSF shunt infections. On the other hand, this work did not consider
intervening surgeries for non-infectious causes, so subsequent infections cannot be directly
attributed the management of the second shunt infection. Nonetheless, this finding is
consistent with common observations in clinical practice that a subset of children with CSF
shunt infection develops multiple subsequent re-infections. Once a child has developed a
second CSF shunt infection, they are clearly at substantially higher risk for repeated
infections, and warrant close monitoring.

It also appears that after second shunt infection, development of additional infections occur
far later than their first and second infections. We observed a median time to re-infection of
65 days (range 3-2326) in this group; similarly, Kulkarni et al. reported that the risk of
second shunt infection plateaued in children after 90 days. [13]

Over half of children displayed Gram-stain concordance with their initial shunt infection.
However, the majority of SI-2 would qualify as re-infections rather than relapses according
to previously published criteria. [10] While Gram-stain concordance should be taken under
consideration when selecting treatment regimens for second CSF shunt infection, the initial
empiric antibiotic coverage should include a broad spectrum of efficacy until the causative
microorganism is recovered.

We considered the possibility of emerging antimicrobial resistance, as prior antimicrobial
exposure is a risk factor in the development of resistance genes. In children, this is best
described in children with recurrent urinary tract infection [18] and in nasal carriage of S.
pneumoniae [18, 19]. Development of antimicrobial resistance did not appear between first
and second CSF shunt infection, but should continue to be monitored in future studies.

This study includes several limitations. This work did not systematically consider revisions
following second shunt infection. From 2001 to 2002 antibiotic impregnated shunt tubing
may have been used; these data are not feasible to capture, and may have affected recovery
of organisms from CSF. We were also unable to capture and consider antibiotic use between
infection episodes in both outpatient and inpatient settings. However, this study has the
strengths of a large cohort of children with rich information about both initial CSF shunt
infection management and subsequent organisms. Subsequent work will capitalize on the
availability of this information to systematically examine the timing of shunt revision
surgeries and risk factors for development of SI-2.

Children with second CSF shunt infections experience high subsequent reinfection rates and
longer time to re-infection. Despite data about Gram-stain concordance data, broad empiric
antimicrobial coverage should still be used initially when treating repeated CSF shunt
infections until the infecting organism is identified. Improved understanding of risk factors
underlying multiple shunt infection is critical as these children experience a high degree of
morbidity.
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Kaplan-Meier curves for time to second (SI-2), third (SI-3), and fourth (SI-4) infection
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CSF shunt infection microbiology for each patient at SI-1 and SI-2 (n=31). The x-axis
represents each patient. The y-axis represents the organism obtained at the time of infection
diagnosis. SI-1 organism(s) are shown on the vertical line for each patient. SI-2 organism(s)
are shown slightly to the right of the vertical line for each patient. Organisms associated
with infection diagnosis are represented by a blue circle, organisms associated with
ventriculitis are represented by a green X, and organisms that caused bacteremia are
represented by a red cross. The 10 patients on the left side of the figure demonstrated Gram
stain discordance between SlI-1 and SI-2, whereas the 21 patients on the right side of the
figure demonstrated Gram stain concordance between Sl-1 and SI-2.
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Figure 3.
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CSF shunt infection microbiology for patient with SI-3 and subsequent infections (n=18).
The x-axis represents each patient. The y-axis represents the organism obtained at the time
of infection diagnosis (CSF culture or blood culture in a ventriculoatrial shunt, and where
indicated, visible hardware and abdominal pseudocyst). Organisms for each infection
episode are represented either on, or (when multiple infection episodes involved the same
organism) next to, the vertical line for each patient. SI-3 is represented by a blue circle, SI-4
by a red cross, SI-5 by a green X, SI-6 by a brown triangle, SI-7 by a purple square, and SI-8

by a green star.
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Characteristics of children who developed second CSF shunt infection (SI-2), n=31

Table 1

Characteristic n (%) Characteristic n (%)
Age at initial shunt placement Etiology of hydrocephalus
0-30 days 12 (39%) IVH secondary to prematurity 8 (26%)
1-6 months 13 (42%) Other intracranial cyst 7 (23%)
6-48 months 5 (16%) Aqueductal stenosis 5 (16%)
> 48 months 1 (3%) Myelomeningocele 3 (10%)
Gender Posterior fossa cyst 2 (6%)
Male 24 (77%) Post-infectious 1(3%)
Female 7 (23%) Posterior fossa tumor 1(3%)
Race/ethnicity Head injury 1 (3%)
Caucasian 27 (87%) Encephalocele 1(3%)
Latino 3 (10%) Communicating congenital 1(3%)
Other 1 (3%) Other congenital (eg schizencephaly) 1 (3%)
Initial shunt location Number of revisions before SI-1
Ventriculoperitoneal 22 (71%) Zero 18 (58%)
Ventriculoatrial 5 (16%) One 3 (10%)
Multiple ventriculoperitoneal 3 (10%) Two 8 (26%)
Epiduroperitoneal 1 (3%) Three 1 (3%)
Four 1 (3%)
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Table 2

Page 13

Characteristics of infection episodes in children who developed second CSF shunt infection (SI-2), n=31

Characteristic at Time of First CSF Shunt Infection (SI-1)

Characteristic at Time of Second CSF Shunt Infection (SI-2)

n (%) n (%)
Age at infection
0-30 days 3 (10%) 0-30 days 0 (0%)
1-6 months 20 (64%) 1-6 months 11 (35%)
6-48 months 7 (23%) 6-48 months 13 (42%)
> 48 months 1 (3%) > 48 months 7 (23%)
Diagnosis of infection
CSF culture 25 (81%) CSF culture 22 (71%)
CSF & wound culture 3 (10%) CSF & wound culture 3 (10%)
CSF & visible hardware 0 (0%) CSF & visible hardware 1 (3%)
CSF Gram stain 0 (0%) CSF Gram stain 1 (3%)
Wound culture 1 (3%) Wound culture 1 (3%)
Visible hardware & wound culture 1 (3%) Visible hardware & wound culture 0 (0%)
Visible hardware alone 0 (0%) Visible hardware alone 2 (6%)
Abdominal pseudocyst 0 (0%) Abdominal pseudocyst 1 (3%)
Blood culture in VA shunt 1 (3%) Blood culture in VA shunt 0 (0%)
Surgical approach to treatment
Full removal 30 (97%) Full removal 27 (87%)
Externalization 1 (3%) Externalization 4 (13%)
Shunt location after infection
Ventriculoperitoneal 21 (68%) Ventriculoperitoneal 18 (58%)
Ventriculoatrial 6 (19%) Ventriculoatrial 5 (16%)
Multiple ventriculoperitoneal 4 (13%) Multiple ventriculoperitoneal 7 (23%)
Shunt removal 0 (0%) Shunt removal 1 (3%)
Duration of externalization/EVD placement”™, Median 16 days (7-116) 15 days (3 to 52)

(Range)

*
The child with externalization of 116 days was discharged with no EVD in place and returned for CSF shunt replacement 71 days later
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