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Abstract

Background—The object of this study was to determine if cerebrospinal fluid (CSF) shunt
revision(s) are associated with increased risk of CSF shunt infection, after adjusting for baseline
factors that contribute to infection risk.

Methods—This was a retrospective cohort study of 579 children ages 0 to 18 who underwent
initial CSF shunt placement between 1/1/97 and 10/12/06 at a tertiary care children’s hospital. The
outcome of interest was CSF shunt infection. Data for all subsequent CSF shunt revisions leading
up to and including the initial CSF shunt infection, when applicable, were obtained. The likelihood
of infection was determined using a Cox proportional hazard model accounting for patient
characteristics and CSF shunt revisions, and is reported using hazard ratios (HR) with 95%
confidence intervals (Cl).

Results—There were 123 children who developed infection. Baseline factors independently
associated with hazard of infection included age 0 to <6 months at CSF shunt placement (HR 2.4,
95% CI: 1.02, 6.7) and myelomeningocele (HR 0.4, 95% CI: 0.2, 0.8). Controlling for baseline
factors, the risk of infection after shunt revision was significantly greater than at the time of initial
placement (HR 3.0, 95% CI: 1.9, 4.7), and this risk increased as numbers of revisions increased
(=2 revisions HR 6.5, 95% CI: 3.6, 11.4).
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Conclusions—While younger age is associated with increased hazard of infection, subsequent
CSF shunt revision significantly increases infection risk.
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Introduction

While placement of cerebrospinal fluid (CSF) shunts successfully treats hydrocephalus in
children, CSF shunt complications — including shunt failure and infection — are common and
frequently necessitate subsequent surgeries.1=3 CSF shunt infections in particular pose a
serious problem for children with hydrocephalus, their parents, and their caregivers. Each
year in the United States there are 2,200-2,400 infection admissions, accounting for 49—
59,000 hospital days.* Treatment typically involves two surgeries, as well as a prolonged
hospiéalization while receiving intravenous (1V) antibiotics.? Re-infection rates are 20 to
25%.57

The association of both patient risk factors and factors at the time of initial CSF shunt
placement with CSF shunt infection is complicated by intervening CSF shunt revisions. For
example, it is known that the risk of shunt failure is highest immediately after CSF shunt
surgery (both for initial CSF shunt placement and for revision) and declines with time.8 Risk
of repeated shunt failure appears highest in those who require revision shortly after
placement.®10 Like the risk of shunt failure, the risk of infection also declines with time
following revisions.8 Interval CSF shunt revision(s)}! and previous infection®7:12 are
associated with increased odds of infection. However, the relative contribution of each
intervening revision surgery, and its relationship to baseline risk of infection for a given
child, remains unknown.

Our previous work assembled a large and detailed retrospective cohort of 579 children
undergoing initial CSF shunt placement, including details for all subsequent CSF shunt
revisions leading up to and including initial CSF shunt infection.3 The object of this study
was to quantify the extent to which CSF shunt revision(s) are associated with increased risk
of CSF shunt infection, after adjusting for patient factors that may contribute to infection
risk. We also considered as potential confounders surgeon as well as medical and surgical
decisions at the time of last surgery (either initial shunt placement or revision surgery).

Materials and Methods

Study Design and Setting

As previously described,3 we conducted a retrospective cohort study at Primary Children’s
Medical Center (PCMC. PCMC is a tertiary children’s hospital and pediatric neurosurgical
referral center serving Utah, Idaho, Wyoming, Nevada, and Montana with more than 11,000
admissions per year. The study was reviewed and approved by the Institutional Review
Boards at the University of Utah and Seattle Children’s Research Institute as research not
requiring informed consent.

Study Population

Children 18 years of age who underwent initial CSF shunt placement with a discharge date
between 1/1/1997 and 10/12/2006 at PCMC were eligible for inclusion as described
previously. 13
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Data Collection

Data from each neurosurgical admission for each cohort member up until the time of CSF
shunt infection were collected using Intermountain Healthcare’s database and chart review.
The date of censoring was the date of most recent surgery or 10/12/06, whichever was latest.
When review of medical records found that a child had died, moved, or had their CSF shunt
removed, the date of that event was the date of censoring.

Primary Outcome Variable

The primary outcome is the first CSF shunt infection the child experienced. CSF shunt
infection was defined as the presence of bacteria in a culture or Gram stain of CSF, wound
swab, and/or pseudocyst fluid or shunt erosion (visible hardware) or abdominal pseudocyst
(even without positive culture). In children with a ventriculoatrial shunt, presence of bacteria
in a blood culture was also diagnostic of infection.

Predictor variable

The main predictor variable of interest is CSF shunt revision, defined as an interventional
neurosurgical operative procedure performed on the CSF shunt. In cases where a staged
revision was performed in two or more stages (such as externalization of a shunt followed
several days later by re-internalization), the procedures were considered as a single CSF
shunt revision. The time period between staged procedures was considered non-contributory
to infection risk, and details of medical and surgical decisions at the time of only the last
neurosurgical procedure were considered in analyses. In the occasional case where a CSF
shunt revision procedure preceded a CSF shunt infection neurosurgical procedure within 48
hours, the revision was not regarded as potentially contributory to the infection episode.

Baseline Factors and Potential Confounding Variables

Potential confounding variables included patient risk factors such as demographics (gender,
race/ethnicity, insurance); risk factors prior to initial CSF shunt placement (birth weight,
gestational age, length of hospital stay (LOS) before initial CSF shunt placement, antibiotic
use during hospital stay before initial CSF shunt placement, prior surgeries, prior
neurosurgical procedures, prior neurosurgical device infection (such as external ventricular
drain (EVD), reservoir, lumboperitoneal shunt, baclofen pump); and risk factors at the time
of initial CSF shunt placement (chronological age, indication for CSF shunt placement,
weight at surgery, and complex chronic condition(s) (CCCs).12 Age at the time of initial
CSF shunt placement was categorized and additionally, in sensitivity analyses, treated as a
continuous variable (in weeks). To characterize co-morbidities, we used CCCs4-16 revised
to exclude hydrocephalus 4 from the discharge diagnoses assigned prior to the initial shunt
placement; CCCs include genetic disorders (neuromuscular, metabolic disorders, and
congenital or genetic defects) and immunologic status (immunodeficiencies and
malignancies).

In addition to patient factors and revision procedures, we also report surgeon factors and
medical and surgical decisions at preceding CSF shunt surgeries (initial CSF shunt
placement and/or CSF shunt revision) as previously described.3 Variables of interest that
we considered included doses and timing of intraoperative antibiotics, shunt brand,
intraoperative use of neuroendoscope and ultrasound, person preparing shunt site, case
priority, duration of case in minutes, number of scrubbed people in operating room, use of
antibiotic impregnated shunt tubing, proximal and distal shunt locations, IV antibiotic use 1
hour or more before surgical incision; and for CSF shunt revisions alone, we considered the
indication for revision obtained from chart review; bedside procedures; and staged revisions.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 June 01.
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Bedside procedures were those for which data from the operating room database was not
available and, in most cases, bedside location was confirmed in chart review.

Statistical Analyses

Results

Cohort characteristics at baseline were summarized overall and by subsequent infection
status. Binary and categorical variables were described using frequencies and percents, and
continuous variables were described using means and standard deviations (SD) or medians
and interquartile ranges (IQR) for duration of follow-up, time to infection, and other skewed
variables. Univariate survival analyses were performed to test the associations of each
cohort characteristics with infection.

Cox proportional hazard models were used to calculate hazard ratios (HR), a type of rate
ratio estimate, and to test for the association between CSF shunt revision(s) and CSF shunt
infection while controlling for possible confounding baseline characteristics.1”-18 CSF shunt
revision(s) were categorized as none, one, and two or more; and were treated as a time-
dependent covariate, since an individual child’s revision status could change during the
study period. For each day on which an infection occurred, this time-dependent model
compared the infection hazard among children who had not experienced a shunt revision to
date to those who had experienced one or two or more.

Baseline characteristics included a priori were age, gender, and indication for shunt
placement. Additional baseline characteristics shown in Supplemental Digital Content 1
(Table) were evaluated for inclusion in the model using stepwise regression
methodology.19-20 Using this approach, the model is initiated with a forward selection step
in which a single variable is added to the model, and each forward selection step may be
followed by one or more backward elimination steps in each of which a single variable may
be removed from the model.2! Criterion for entry into the model was p < 0.05; criterion for
removal from the model was p > 0.05. Hazard ratios (HR) from the final multivariable
models are presented with 95% profile likelihood confidence intervals (Cl).

Sensitivity analyses were performed to investigate whether surgeon factors and medical and
surgical decisions (either at initial placement or revision) may mediate the relationship
between revisions and infection. These factors were evaluated in the final multivariable
model to determine whether the association between revisions and infections was altered by
inclusion of these additional factors.

All analyses were performed using SAS (version 9.1.3, SAS Institute, Cary, NC).

Cohort characteristics

Baseline patient-level risk factors at the time of CSF shunt placement are shown in SDC 1
(table). The cohort had a median age of 14 weeks (IQR 2, 69), and indication for CSF shunt
placement was distributed between myelomeningocele (21%), post-1VVH due to prematurity
(15%), aqueductal stenosis (12%), and other etiologies. The association of these baseline
patient-level risk factors with CSF shunt infection is provided in the footnote to SDC 1
(table). In univariate survival analyses, factors that demonstrated a significant association
with infection risk included shorter LOS preceding initial shunt placement, younger
chronological age both in weeks and from age 0 to <6 months, and lower weight at initial
CSF shunt placement. Myelomeningocele was associated with less infection risk compared
with aqueductal stenosis.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 June 01.
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In this cohort, infections were diagnosed by one or more of the following: presence of
bacteria in a Gram stain (n=64) and/or culture of CSF (h=105), wound swab or pseudocyst
fluid (n=14); visible hardware (n=20); abdominal pseudocyst (n=2); and blood culture in a
VA shunt (n=5).

Of the 579 children in the cohort, the median duration of follow-up from initial CSF shunt
placement was 1039 days (IQR 226— 2222 days) and from last surgery was 709 days (IQR
104- 1753 days). (Table 1) For the 123 children who developed shunt infection, the median
time to infection was 39 days (IQR 17 — 171 days) from initial CSF shunt placement and 20
days (IQR 11- 39 days) from last surgery. Within the cohort there was sufficient follow-up
for development of infection, which consistently developed at a median of 3 weeks (IQR 1.5
to 5 weeks) following CSF shunt surgery. Among the cohort, 504 (87%) children had
follow-up for at least 12 months, during which time 106 children developed infection and
there were 560 additional revisions. Within this cohort, we observed a one-year per-patient
infection rate of 21% (95% CI: 17-25%) and associated per-procedure infection rate of 10%
(95% Cl: 8-12%).

between revisions and infection risk

Our multivariable model of infection risk demonstrates the HRs for CSF shunt infection for
each of the explanatory variables while controlling for the other explanatory variables.
(Table 2) Age 0 to <6 months at CSF shunt placement was significantly associated with an
increased risk of infection (HR 2.4, 95% CI: 1.02, 6.7), while myelomeningocele was
significantly associated with a decreased risk of infection (HR 0.4, 95% CI: 0.2, 0.8). When
age was handled as a continuous variable, a similar trend was seen; for each additional 4
weeks of age at the time of initial CSF shunt placement, hazard of infection decreased
slightly HR 0.996 (95% CI: 0.991, 1.00007, p=0.053). Gender was not associated with
infection.

Controlling for age, gender, and indication for shunt placement, infection hazard after
subsequent revision(s) was significantly greater than during the time prior to first revision.
In the time period following a single revision, infection hazard tripled (HR 3.0, 95% CI: 1.9,
4.7) compared with the time period prior to a single revision. Infection hazard was 6.5 times
greater following two or more revisions (HR 6.5, 95% ClI: 3.6, 11.4).

Sensitivity analyses

Sensitivity analyses were performed to determine whether the association between revisions
and infections were confounded by surgeon factors and medical and surgical decisions.
However, because medical and surgical decisions, as well as surgeon volume and
experience, are highly confounded by surgeon in this small data set, our ability to draw
meaningful conclusions about them is quite limited.1® Several surgeon factors, medical and
surgical decisions at the preceding surgeries (initial CSF shunt placement and/or CSF shunt
revision) were associated with infection hazard in univariate survival analysis including:
prophylactic IT antibiotic use, atrial distal shunt location, staged revision procedure, and
either obstruction or other as the indication for shunt revision. (Figure 1) Preceding IV
antibiotic use and proximal shunt location in cyst appeared to be protective of CSF shunt
infection. Each of the surgeon factors and medical and surgical decisions were added to the
multivariable Cox proportional hazards model in Table 2 to evaluate whether the association
between revisions and infection remained significant. Only two factors demonstrated a
significant association with infection hazard: proximal shunt location in cyst and ultrasound
use. However, the inclusion of these additional factors had no impact on the HR estimates
for revisions or their significance.

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 June 01.
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Discussion

In a large cohort of children undergoing initial CSF shunt placement and followed for a
median of 34 months, 21% developed CSF shunt infection. We developed robust models
that quantified the relative contributions of baseline patient factors (including indication for
CSF shunt placement) as well as each revision surgery to the risk of infection. Baseline
patient factors independently associated with subsequent infection included younger age
(increased risk) and myelomeningocele (decreased risk). Revision surgery was significantly
associated with infection risk, and this risk increased dramatically with subsequent revisions.
Surgeon factors and medical and surgical decisions involved in shunt surgeries, both at
initial placement and revision surgery, did not alter the relationship between revisions and
infection. While observed in clinical practice, no previous studies have quantified this
dramatic and clinically important risk of infection associated with revisions.

The 12-month rate of shunt infection in this large cohort of children undergoing initial CSF
shunt placement was 21% per patient and 10% per procedure. These infection rates are
comparable to previous work which has consistently ranged from 4 to 21%?1 (usually 6-8%
in published cohorts?2-25) per patient and 3 to 13% per procedure.1! Our infection rate may
be somewhat higher than previous studies in part because we removed children who did not
have 12 months of follow-up within our health care system from the cohort.

Previous studies of CSF shunt infection at a procedure-level — which can be problematic in
assessing patient-level factors since a given patient may be counted several times — have
suggested that young chronological age is associated with infection,12.26-29 although a few
have found the opposite.30:31 Two studies have examined risk of CSF shunt infection at a
patient-level with young age and arrived at opposite conclusions.?>:32 Like Vinchon et al.,2
this study found younger age was independently associated with risk of CSF shunt infection.
The association of infection with young age may be due to alterations in the immunologic
and dermatologic defenses among newborns, particularly among those who are premature.

Previous study of CSF shunt infection at a procedure-level has also suggested that indication
for shunt placement (including IVH,12:28.30 CNS infection,28 and myelomeningocele33) may
or may not 26:31.34.35 he associated with infection. One patient cohort found that both
myelomeningocele and IVH were associated with CSF shunt infection.2> In our study, we
did not replicate findings about myelomeningocele and actually found it associated with
decreased infection risk. While we did not replicate an association of I\VVH with infection, we
have shown that IVH in this cohort is associated with shunt failure,13 which was shown in
this study to be strongly associated with infection.

Other patient risk factors considered in studies of CSF shunt infection — although again,
studied mostly at a procedure-level — have included gender;12:26:28.34.36 hjrth weight; 28.37
gestational age;812:28:37 hospital days prior to shunt placement;3* weight at surgery;34 and
co-morbidities.26:31.34 Conclusions about birth weight and gestational age are limited in this
cohort due to missing data, and no additional factors were independently associated with
infection risk in this study. Like Kulkarni et al., we saw an association between lower
weight at surgery with infection in univariate survival analysis; however fewer hospital days
prior to initial shunt placement were associated with infection in our study.

Conclusions about medical and surgical decisions are very limited in this small data set as
they vary between and are highly confounded by surgeon.1® Medical and surgical decisions
that prevent CSF shunt infection include use of prophylactic 1V antibiotics;34:38 type of skin
cleanser;3940 site preparation including hair clipping®®4! and shampoo;#04243 antibiotic
irrigation of hardware;%0 and double gloving.34 However, because most studies are
performed retrospectively and can be underpowered at single centers, they frequently arrive

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 June 01.
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at opposing conclusions. Areas of ongoing controversy in the prevention of CSF shunt
infection include the use of prophylactic IT antibiotics;30:3944:45 type of shunt;31:46
antibiotic impregnated shunt tubing;*’-°C distal shunt location;2%:31,32,35.36.51 yjse of
neuroendoscope;12:34 duration of case;3436:4051 case priority;30:32:34.40 and people in the
operating room.34:39.40 |n this study, none of the surgeon factors or medical and surgical
decisions contributed substantially to infection risk beyond CSF shunt revision itself.

Our finding of each subsequent CSF shunt revision increasing infection risk for a patient is
consistent with prior studies.!! This finding makes sense, since surgery represents an
opportunity to introduce new organisms into the CSF and onto shunt hardware. Indeed, the
close temporal relationship between surgery and infection seen in earlier work8 was
replicated in this study. Both after initial placement and each revision, infection consistently
developed at median of three weeks after surgery.

This work has several limitations inherent to retrospective studies that rely on medical
record review. There are patient risk factors we may have failed to or are unable to capture
in this analysis. Missing data on gestational age and birth weight limits our ability to draw
conclusions about these patient factors. Factors that were not documented in the medical
record were presumed not to have occurred; in a few cases, such as antibiotic-impregnated
shunt tubing, this assumption may be erroneous. We were not able to consider several
additional variables including type of skin cleanser;3940 site preparation including hair
clipping*941 and shampoo;40:42:43 antibiotic irrigation of hardware;*° double gloving;3* and
patient positioning. Some limitations were presented by conduct at a single center; our
conclusions about medical and surgical decisions are highly confounded by their association
with surgeon in this cohort. These findings must be validated in a larger cohort of patients
with more surgeons and centers. Finally, while we were able to ascertain associations for
various factors with infection, we have not established their causality of infection.

Despite the study’s limitations, this was a comprehensive study using a large, detailed
retrospective observational cohort of children undergoing initial CSF shunt placement to
examine risk factors for shunt infection. Baseline patient factors associated with subsequent
infection included younger age (increased risk) and myelomeningocele (decreased risk), but
infection risk increases most as numbers of revisions increase. Families of and care
providers for children with recurrent CSF shunt revisions should be aware of their increased
odds of CSF shunt infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

0.93(0.57, 1.55)
1.06 (0.63,1.81)
0.67(0.37,1.22)
1.03(0.82,1.30)

0.76 (0.31,1.57)
1.39(0.96,2.03)

Variable Subgroup Hazard Ratio (95% Cl)
Surgeon factors at last surgery

Surgeon (D)
A
B
C
Surgeon volume (10 initial shunts/year)
Surgeon experience 1 (=10 years)
<5 years
5-10 years
Season (April-June)

July-September
October-December
January-March

Medical decisions at last surgery
Preceding IV antibiotic use +
Prophylactic IV antibiotic use
Timing of prophylactic IV antibiotics (30min or more prior to incision)
< 30min prior to incision
At or after incision
Prophylactic IT antibiotic use

Surgical decisions at last surgery
Shunt brand (PS Medical/Medtronic)
Strata/Medtronic
Delta/Medtronic
Codman-Medos/Medtronic
Orbis-Sigmalinteara

None
Antibiotic impregnated tubing
Proximal shunt location (Ventricular)
Cyst
Subdural
Complex
Atrial distal shunt location
Complex shunt
Use of neuroendoscope
Use of ultrasound
Surgeon preparing site
Non-elective case priority
Case duration (10 minute intervals)
Additional scrubbed personin OR
Bedside procedure
Staged revision
Indication for revision (Initial shunt only)
Fracture
Malposition
Valve change
Obstruction
Other

1.18(0.72, 1.95)
1.04 (0.61,1.76)
1.18(0.73,1.94)

0.66 (0.44, 0.97)
0.95 (0.56, 1.73)

1.21(0.51,3.94)
1.10 (0.35, 4.10)
3.64 (1.11, 8.66)

1.14 (0.57,2.04)
0.83(0.39, 1.55)
0.98 (0.46, 1.84)
1.66 (0.70,3.33)
0.36(0.02, 1.63)
0.66 (0.23, 1.47)

0.21(0.01, 0.93)
1.23 (0.48, 2.57)
223(0.87, 4.68)
3.00 (1.39, 5.93)
226 (0.95, 4.50)
0.71(0.39, 1.19)
0.46 (0.08, 1.43)
120 (0.83,1.72)
1.09 (0.74, 1.56)
1.03(0.99, 1.07)
1.01(0.82,1.23)
216 (0.84, 4.53)
2.71(1.44,4.71)

1.55(0.09,7.17)
245 (0.60, 6.62)
269 (0.66,7.28)
4.10 (2.39, 6.76)
4.08 (2.44, 6.56)
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Table 1

Numbers of infections and median (IQR) duration of follow-up in days for the cohort

Page 12

Number of Revisions

Number of children

Duration of follow-up for

Number of infections

Timeto infection for

all children those infected

Sinceinitial CSF shunt surgery

Overall 579 1039 (226, 2222) 123 39 (17, 171)

No revisions 352 745 (128, 1834) 73 20 (12, 39)

One revision 116 1292 (262, 2610) 29 120 (45, 230)

Two or more revisions 111 1848 (959, 2955) 21 469 (130, 1533)
Sincelast CSF shunt surgery

Overall 579 709 (104, 1753) 123 20 (11, 39)

No revisions 352 745 (128, 1834) 73 20 (12, 39)

One revision 116 674 (95, 1782) 29 26 (10, 69)

Two or more revisions 111 598 (85, 1411) 21 18 (11, 34)
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Table 2

Results from multivariable Cox proportional hazard model for the association between revisions and
subsequent CSF shunt infection, adjusting for baseline characteristics and confounders

Revision procedure
Two or more
One
None
Chronological age at initial shunt placement
0 to < 6 months
6 to < 12 months
1to <2 years
2to <9 years
9 to 18 years
Male gender
Indication for initial shunt placement
Myelomeningocele
Post-1VH due to prematurity
Post-head injury
Tumor (posterior fossa, midbrain, supratentorial)
Cyst (other intracranial, posterior fossa)
Spontaneous ICH/IVH/SAH
Post-infectious
Congenital (communicating, other, encephalocele, craniosynostosis)
Other

Aqueductal stenosis

Adjusted Hazard Ratio (95% CI)

6.5 (3.6, 11.4)
3.0(1.9,4.7)

Referent

2.4(1.02,6.7)
15 (0.5, 4.9)
2.7(0.9,8.7)
2.2(0.9,6.1)
Referent

0.9 (0.7, 1.4)

0.4(0.2,0.8)
1.1 (0.6, 2.0)
05(0.2, 1.4)
0.6 (0.2, 1.3)
1.0 (0.5, 2.0)
0.8(0.3,2.1)
0.6 (0.2, 1.5)
1.1 (0.5, 2.3)
1.0(0.3,3.2)

Referent
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