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Abstract
Object—The neurosurgical literature has conflicting findings regarding the association between
indications for CSF shunt placement and subsequent shunt surgery. The object of this study was to
identify baseline factors at the time of initial CSF shunt placement that are independently
associated with subsequent surgery.

Methods—This was a retrospective cohort study of children ages 0–18 years who underwent
initial CSF shunt placement between January 1, 1997, and October 12, 2006, at a tertiary care
children’s hospital. The outcome of interest was CSF shunt surgery (either for revision or
infection) within 12 months after initial placement. Associations between subsequent CSF shunt
surgery and indication for the initial shunt, adjusting for patient age and surgeon factors at the time
of initial placement, were estimated using multivariate logistic regression. Medical and surgical
decisions, which varied according to surgeon, were examined separately in a univariate analysis.
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Results—Of the 554 children in the study cohort, 233 (42%) underwent subsequent CSF shunt
surgery, either for revision (167 patients [30%]) or infection (66 patients [12%]). In multivariate
logistic regression modeling, significant risk factors for subsequent CSF shunt surgery included
(compared with aqueductal stenosis) intraventricular hemorrhage (IVH) secondary to prematurity
(adjusted odds ratio [AOR] 2.2, 95% CI 1.1–4.5) and other unusual indications (AOR 3.7, 95% CI
1.0–13.6). The patient’s age at initial CSF shunt placement was not significantly associated with
increased odds of subsequent surgery after adjusting for other associated factors.

Conclusions—The occurrence of IVH is associated with increased odds of subsequent CSF
shunt surgery within 12 months after shunt placement. Families of and care providers for children
with IVH should be attuned to their increased risk of shunt failure.
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hydrocephalus; cerebrospinal fluid; shunt failure; prematurity; intraventricular hemorrhage;
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Although placement of CSF shunts successfully treats hydrocephalus in children, shunt
failure is common and frequently necessitates subsequent surgery.6,7,17 It is critical for
families and care providers to understand which children undergoing CSF shunt placement
are at highest risk for subsequent surgery. In addition, an understanding of the baseline risk
factors for subsequent surgery permits investigators to account for differences in patient
populations, which is necessary when comparing outcomes between neurosurgical centers in
research and quality improvement efforts.

Prior studies of the association of indication for CSF shunt placement with subsequent shunt
surgery14 have yielded conflicting conclusions.4,11,14,20,32,33,35,37,38,40,43–45,48 Some studies
were conducted in cohorts that were selected based on procedures, rather than on patient
characteristics, limiting the conclusions that can be drawn about patient-level
characteristics,37,38,40,44 whereas other studies do not report the association of indication
with subsequent failure. 10 In studies that have examined indications for CSF shunts in
patient cohorts, some have noted more frequent shunt failure in children with obstructive
hydrocephalus4,43 and IVH,11 and less frequent failure in children with congenital
hydrocephalus,32,48 cerebral cyst,11 and communicating hydrocephalus.11 However,
definitions of CSF shunt indication have been hampered by the vague hydrocephalus
diagnosis codes available in administrative data.4,43,45 In addition, because different
indications present at different ages in children, the indication for CSF shunt is confounded
by age.14 Those studies considering both patient age and indication for CSF shunt have
found both factors,4,11,43,48 age only,33,35 and neither factor20 to be associated with
subsequent surgery. Finally, some prior studies that have examined the association of CSF
shunt indication have focused on infection only as an
outcome.5,8,12,13,18,29,30,34,37,38,40,41,49

Numerous additional patient and surgeon factors,2,26 as well as medical and surgical
decisions at the time of initial CSF shunt placement,3,9,15,19,24,25,27,28,31,36,39,42 have been
considered in studies of shunt failure. These factors must be carefully considered as
potential confounders in the relationship between indication for CSF shunt and risk of
subsequent surgery.

The availability of a large cohort of children who underwent initial CSF shunt placement at
a large tertiary care children’s hospital presented a unique opportunity to investigate
retrospectively, in a more detailed fashion than in previous work, the contribution of the
indication for CSF shunt to the risk of subsequent surgery. Our objective was to identify
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clinically important baseline characteristics at the time of initial CSF shunt placement
associated with shunt surgery over a 12-month follow-up period.

Methods
Study Design and Setting

We conducted a retrospective cohort study at PCMC, a 252-bed tertiary care children’s
hospital serving Utah, Idaho, Wyoming, Nevada, and Montana. The hospital is owned and
operated by Intermountain Healthcare, a regional, not-for-profit integrated health care
system. At PCMC there are more than 11,000 admissions per year, and more than 95% of
the pediatric CSF shunt placements in the Intermountain Healthcare system are performed
here. 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 younger than 18 years of age who underwent initial CSF shunt placement at
PCMC, with a discharge date between January 1, 1997, and October 12, 2006, were eligible
for inclusion. Children with a prior Ommaya reservoir, ventricular reservoir, and/or
endoscopic third ventriculostomy were included in the cohort. Candidates were identified by
a primary ICD-9-CM procedure code for placement of an extracranial ventricular shunt
(02.3x). Medical record review by a trained abstractor (M.L.) confirmed that 579 children
met inclusion criteria.

Primary Outcome Variable
The primary outcome was surgery for either shunt malfunction or infection within 12
months of initial CSF shunt placement. A shunt revision was defined as an operative
neurosurgical intervention to the CSF shunt. A shunt infection was defined as the presence
of bacteria in a culture of CSF, wound swab, and/or pseudocyst fluid; or shunt erosion
(visible hardware); or abdominal pseudocyst (even without positive culture). Data from each
neurosurgical admission for each child up until the time of first shunt infection were
collected using Intermountain Healthcare’s database and chart review.

Baseline Characteristics at the Time of Initial CSF Shunt Placement
The main variable of interest was indication for initial shunt placement. This was usually
determined by manual chart review, but when the indication was indeterminate after medical
record review by a trained abstractor, a pediatric neurosurgeon (J.R.C.) reviewed the child’s
initial imaging studies. Categories of indication for shunt placement included the following:
myelomeningocele; IVH secondary to prematurity; aqueductal stenosis; posterior fossa,
supratentorial, and midbrain tumors; posterior fossa and other intracranial cysts; head injury;
congenital (including communicating congenital hydrocephalus, encephalocele,
craniosynostosis, and other); spontaneous intracranial, intraventricular, and/or subarachnoid
hemorrhage; infection; and other unusual causes of hydrocephalus.

Several potential confounding variables at the time of initial CSF shunt placement were
evaluated based on earlier studies and included patient factors, surgeon factors, and details
of medical and surgical management of initial CSF shunt placement (Table 1). Age at the
time of initial CSF shunt placement was categorized (0 to < 6 months, 6 to < 12 months, 1 to
< 2 years, 2 to < 9 years, and 9–18 years) and additionally, in sensitivity analyses, treated as
a continuous variable (in weeks). Additional patient factors evaluated included the
following: antibiotic use during hospital stay prior to initial CSF shunt placement; prior
surgery; and prior neurosurgery. Comorbidities were defined using complex chronic

Simon et al. Page 3

J Neurosurg Pediatr. Author manuscript; available in PMC 2012 January 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



conditions and the count for these conditions, excluding hydrocephalus. 46 The surgeon was
defined as individual A, B, C, or all others (D), and surgeon volume was defined by initial
CSF shunt placements per year during the study.

Details of medical and surgical management were also evaluated. In addition to use of
prophylactic IV antibiotics, we examined numbers of doses and timing as documented in an
operating room database called ORMIS, which is maintained by the circulating nursing
staff. Surgical decisions included shunt valve brands (PS Medical, Strata, Delta, and
Codman-Medos [all Medtronic]; Orbis-Sigma [Integra]; and Paedi-gav [Aesculap]) from the
packaging placed in the medical chart and/or operative note dictated by the surgical staff;
distal shunt location (peritoneal and nonperitoneal—including atrial and other) from the
operative note; use of ultrasound from ORMIS and/or operative note; person preparing shunt
site (surgeon or nonsurgeon—the latter including nurse, resident, anesthesiologist, or
unknown) from ORMIS; and case priority (elective and nonelective—the latter including
add-on, emergency, and urgent) from ORMIS.

Statistical Analyses
In Table 2, cohort characteristics at baseline were descriptively summarized overall and by
subsequent surgery outcome in the 12 months following initial CSF shunt placement.
Unadjusted odds ratios and 95% confidence intervals from univariate logistic regression
models were used to summarize the bivariate associations between each variable of interest,
including potential confounders, and subsequent CSF shunt surgery (Fig. 1). To describe the
association between baseline characteristics and CSF shunt procedure within 12 months of
placement, a multivariate logistic regression model was developed, with a priori inclusion of
indication for shunt placement and patient age, sex, and race/ethnicity (Table 3). Other
baseline characteristics were evaluated for inclusion in the model by using stepwise
regression methodology.1,22 Sensitivity analyses of the final model were performed as
detailed in the Results section to evaluate the robustness of significant associations. The
study cohort provided 80% power to detect an OR of 2.50 or larger in multivariate logistic
regression, assuming a rate of subsequent CSF shunt surgery of 40%, a binary independent
variable with 10% or more observations in the less frequently occurring category, and the
remaining variables accounting for 20% or less of the variance in the rate of subsequent
surgery (PASS 2008, version 08.0.8).23 Because surgeon was collinear with several
surgeon-related factors, sensitivity analyses were performed replacing surgeon with these
related explanatory factors. The associations of medical and surgical decisions for all
surgeons are descriptively reported (Table 4). All analyses were performed using SAS
(version 9.1.3, SAS Institute, Inc.).

Results
Of the 579 children who underwent initial CSF shunt placement at PCMC during the study
period, 554 (96%) had follow-up within Intermountain Healthcare in the subsequent 12
months. Of those 554 children, 233 (42%) underwent surgery within 12 months of initial
shunt placement for either shunt malfunction (167 patients [30%]) or infection (66 [12%]).
Table 2 describes the baseline characteristics of the cohort at the time of initial CSF shunt
placement. The majority of children were younger than 6 months of age (62%), male (60%),
and non-Latino white (83%). Indication for CSF shunt placement included the following:
myelomeningocele (21%), IVH (15%), aqueductal stenosis (12%), tumor (12%), or cyst
(11%). Prophylactic IV antibiotics were used in 90% of initial CSF shunt placements, with a
median timing of administration 14 minutes prior to the recorded incision time (IQR −19 to
−8 minutes).
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Figure 1 displays UORs and corresponding 95% CIs from univariate logistic regression
models used to describe the unadjusted associations between each baseline characteristic and
subsequent CSF shunt surgery; the data for this figure are presented in Table 2. Baseline
factors significantly associated with subsequent surgery included the following: inpatient
LOS preceding shunt placement (UOR 1.05 for each additional week stayed, 95% CI 1.01–
1.11); IVH secondary to prematurity (UOR 2.2, 95% CI 1.1–4.2 compared with aqueductal
stenosis); and surgeon A (UOR 0.5, 95% CI 0.3–0.8 compared with a surgeon from Group
D). Among the 85 children who underwent initial CSF shunt placement for IVH secondary
to prematurity, 48 (56%) underwent shunt revision in the subsequent 12 months.

As shown in Table 3, in multivariate logistic regression, significant factors that remained
independently associated with the odds of subsequent CSF shunt surgery included IVH
secondary to prematurity (AOR 2.2, 95% CI 1.1–4.5) and other unusual indication for CSF
shunt (AOR 3.7, 95% CI 1.0–13.6), both compared with aqueductal stenosis. Although not
statistically significant in multivariate logistic regression, there was a trend toward
decreased odds of subsequent surgery associated with surgeon A and increased odds of
subsequent surgery associated with age 0–6 months, tumor, nonelective case priority, and
case duration. The association between subsequent surgery and IVH secondary to
prematurity remained in sensitivity analyses that included the following: 1) age as a
continuous variable; and 2) exclusion of the 14 children who had a nonperitoneal distal
shunt location. The exclusion was performed because these children had significantly higher
odds of a subsequent surgery, and it was appropriate to test the robustness and
generalizability of the model by excluding them (data not shown).

Medical and surgical decisions for all patients for the entire cohort, as well as those with and
without subsequent surgery, are shown in Table 4. Conclusions about medical and surgical
decisions are very limited in this small data set because such decisions vary between
surgeons, as well as by surgeon volume and experience (data not shown), and thus are
highly confounded by surgeon. For example, surgeon A’s practice differed from all other
surgeons combined in terms of the following variables: 1) shunt brand; 2) less use of
prophylactic IV antibiotics, antibiotic-impregnated shunt tubing, and ultrasound; and 3)
more use of neuroendoscope and surgeon site preparation. Delta valve use, nonperitoneal
distal shunt location, and a nonsurgeon preparing the surgical site were all associated with
subsequent shunt surgery. Nonetheless, the association between subsequent surgery and IVH
secondary to prematurity remained in sensitivity analyses, the first of which replaced
surgeon with surgeon volume, shunt brand, and distal shunt location, and the second of
which replaced surgeon with person preparing site and distal shunt location.

For the 85 children with IVH, the median gestational age was 27 weeks (range 22–34
weeks), and the median birth weight was 1024 g (range 430–2905 g). In these 85 children,
IVH was Grade III in 32 (38%) and Grade IV in 48 (56%). Fifty-one (60%) had a previous
Ommaya reservoir, 20 (24%) had a previous external ventricular drain, and 4 (5%) had a
previous subgaleal shunt.

Discussion
In a large cohort of children who underwent initial CSF shunt placement and were followed
for 12 months, 42% underwent surgery within 12 months of initial shunt placement for
either malfunction (30%) or infection (12%). We used a deliberate assignment of the
indication for CSF shunt placement in robust models that separated patient factors from
surgeon factors and medical and surgical decisions. In multivariate logistic regression, IVH
secondary to prematurity was independently and consistently associated with odds of
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subsequent surgery (AOR 2.2, 95% CI 1.1–4.5). This association persisted when the
confounding variable of age was handled as both a categorical and continuous variable.

The 12-month rate of shunt failure in this large cohort of children who underwent initial
CSF shunt placement was 42%. This overall failure rate is comparable to that found in
previous studies, which have consistently demonstrated failure rates ranging from 27% to
40% within 1 year of CSF shunt placement.15,25,27,35,36,43 Our failure rate may be slightly
higher than in previous cohorts, in part because we removed children who did not have 12
months of follow-up within our health care system from the cohort. Also, our finding of
subsequent surgeries to treat shunt malfunction in 30% and infection in 12% of children is
comparable to earlier work involving patient cohorts (malfunction in 35%, infection in
8%).10,15,45,47

Occurrence of IVH demonstrated an independent association with shunt failure in 2 earlier
studies in which a patient cohort was used,11,48 as well as studies that found gestational age
less than 40 weeks to be associated with shunt failure.33,48 Prematurity,8,30,34 younger
postconceptional age,8,30 low birth weight,8,12 prolonged LOS prior to initial CSF shunt
placement,30 and IVH12,45 have all demonstrated associations with shunt infection.

The association between IVH and shunt failure has biological plausibility. Clinical factors
that are taken into consideration by neurosurgeons when managing IVH in premature infants
include the patient’s small abdominal size, thin skin that is susceptible to breakdown,
relatively immunocompromised state, and variable inflammatory response to blood in CSF.
Although not all of these clinical factors are modifiable, the optimal management, including
timing of shunt placement, in infants with IVH secondary to prematurity is not based on
optimal evidence. Optimal timing of shunt placement in infants with IVH is a question for
which further study is needed, especially given the increasing numbers of premature
infants. 50

The relationship between CSF shunt indication and patient age, and their association with
subsequent shunt surgery, has remained unclear based on conflicting findings in prior
literature.4,11,14,20,32,33,35,37,38,40,43–45,48 We were reassured to find, as in other studies, that
in our cohort young age trended toward an association with subsequent surgery. However,
we were intrigued to see that after careful consideration of CSF shunt indication, young age
did not remain independently associated with shunt failure.

Unlike earlier work, we did not find shunt failure to be associated with obstructive
hydrocephalus,4,43 cerebral cyst,11 and communicating hydrocephalus.11 Although all 3 of
these earlier studies were larger in size than our cohort, all relied on diagnosis codes to
determine CSF shunt indication, whereas we performed detailed chart review to assign
indication.

We are also reassured that this study replicates some earlier findings about risk factors for
subsequent shunt surgery. Complication rates are reported to differ by surgeon.2,18,20 As in
earlier studies, a nonperitoneal distal shunt location was associated with higher complication
rates.20,48 Although we did not find an association of surgeon experience with shunt failure,
this association has been inconsistent in the literature.10,11 In addition, the small number of
surgeons and limited range of surgeon volumes in this cohort limit our ability to draw
conclusions about surgeon factors associated with shunt failure.

This work has several limitations inherent to retrospective studies that rely on medical
record review. Missing data on gestational age, postconceptional age, and birth weight limit
our ability to draw conclusions about these patient factors. Any factors that were not
documented in the medical record were presumed not to have occurred; in a few cases, such
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as antibiotic-impregnated shunt tubing, this assumption may be erroneous. We were not able
to consider several additional variables, including type of skin cleanser;28,44 site preparation,
including hair clipping21,28 and shampoo;16,28,51 antibiotic irrigation of hardware;28 double
gloving;30 and patient positioning. In addition, the “other unusual indication” category
includes predominantly children with highly heterogeneous indications for CSF shunt
placement. Finally, some limitations were presented by conduct at a single center; our
conclusions about medical and surgical decisions are highly confounded by the association
with surgeon in this cohort.

Nonetheless, to examine patient risk factors for shunt failure within 12 months, we were
able to perform a comprehensive, detailed, retrospective study in a large cohort of children
undergoing initial CSF shunt placement. The occurrence of IVH associated with prematurity
was significantly associated with increased odds of subsequent surgery. Eventually,
development of a predictive model of CSF shunt failure would be of great utility to patients,
families, and caregivers. In the interim, we hope to test this finding in a multicenter cohort to
ensure that the association persists with larger numbers of surgeons and centers. This is a
potentially high-risk subgroup toward which future interventional trials to prevent shunt
revision should be directed. In the meantime, work comparing CSF shunt failure between
centers, such as benchmarking and prospective multicenter studies, should account for
differences in indication for shunt placement.

Conclusions
A comprehensive, detailed, retrospective study was performed to examine patient risk
factors for shunt failure within 12 months in a large cohort of children undergoing initial
CSF shunt placement. The occurrence of IVH associated with prematurity was significantly
associated with increased odds of subsequent surgery. Families of and care providers for
children with IVH should be aware of the children’s increased odds of CSF shunt failure.
Work comparing shunt failure between centers, such as benchmarking and prospective
multicenter studies, should account for differences in indication for a CSF shunt. This is a
potentially high-risk subgroup toward which future interventional trials to prevent shunt
revision should be directed.
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Fig. 1.
Unadjusted odds ratios for the odds of a CSF shunt procedure within 12 months of initial
shunt placement, based on univariate logistic regression models.
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TABLE 1

Literature review of patient and surgeon factors and medical and surgical decisions considered as risk factors
for subsequent surgery

Factor/Decision Authors & Year

patient factors

 sex Dallacasa et al., 1995; Kontny et al., 1993; Kulkarni et al., 2001; McGirt et al., 2003; Renier et al.,
1984; Simon et al., 2009; Tuli et al., 2000

 race/ethnicity Shah et al., 2008; Simon et al., 2009

 insurance Simon et al., 2009

 birth weight Bruinsma et al., 2000; Dallacasa et al., 1995

 weight at op Kulkarni et al., 2001; Tuli et al., 2000

 LOS preceding shunt Kulkarni et al., 2001

 comorbidities Davis et al., 1999; Kulkarni et al., 2001; Renier et al., 1984

surgeon factors

 surgeon Albright et al., 1999; George et al., 1979; Griebel et al., 1985

 surgeon vol Shah et al., 2008

 surgeon experience Cochrane & Kestle, 2002; Cochrane & Kestle, 2003

 season Kestle et al., 2006

medical decisions

 prophylactic IV antibiotic use Classen et al., 1992; Kulkarni et al., 2001; Tuli et al., 2000

 prophylactic intrathecal antibiotic use Lambert et al., 1984; Quigley et al., 1989; Ragel et al., 2006; Shurtleff et al., 1985–1986

surgical decisions

 shunt valve brand Albright et al., 1999; Davis et al., 1999; Drake et al., 1998; Kestle et al., 2000; Pollack et al., 1999

 antibiotic-impregnated shunt tubing Aryan et al., 2005; Govender et al., 2003; Kan & Kestle, 2007; Sciubba et al., 2005

 distal shunt location Berry et al., 2008; Borgbjerg et al., 1995; Davis et al., 1999; George et al., 1979; Griebel et al.,
1985; Kontny et al., 1993; Schoenbaum et al., 1975; Shah et al., 2008; Tuli et al., 2000

 use of neuroendoscope Kestle et al., 2003; Kulkarni et al., 2001; McGirt et al., 2003

 case priority Borgbjerg et al., 1995; Kestle et al., 1993; Kulkarni et al., 2001; Quigley et al., 1989; Tuli et al.,
2000

 case duration Griebel et al., 1985; Kestle et al., 1993; Kontny et al., 1993; Kulkarni et al., 2001

 no. of scrubbed personnel Kestle et al., 1993; Kulkarni et al., 2001; Shurtleff et al., 1985–1986
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TABLE 2

Baseline characteristics at time of initial CSF shunt placement for the entire cohort of 554 children and for
those with and without subsequent CSF shunt surgery*

Characteristic

Subsequent CSF Shunt Op

Entire CohortAny None

no. of patients 233 321 554

patient factors

 median chronological age in wks (IQR) 12 (2–69) 16 (2–65) 13 (2–69)

 chronological age at initial shunt

  0 to 6 mos 153 (66) 191 (60) 344 (62)

  6 to <12 mos 17 (7) 42 (13) 59 (11)

  1 to <2 yrs 12 (5) 15 (5) 27 (5)

  2 to <9 yrs 29 (13) 36 (11) 65 (12)

  9 to 18 yrs 22 (9) 37 (11) 59 (11)

 mean gestational age in wks† 35 ± 5 36 ± 5 35 ± 5

 median postconceptional age in wks (IQR)† 1 (14 to −2) 2 (19 to −2) 1 (17 to −2)

 sex

  M 140 (60) 191 (60) 331 (60)

  F 93 (40) 130 (40) 223 (40)

 race/ethnicity

  non-Latino white 198 (85) 263 (82) 461 (83)

  Latino 19 (8) 34 (11) 53 (10)

  other/unknown 16 (7) 24 (7) 40 (7)

 insurance

  private 152 (65) 201 (63) 353 (64)

  Medicaid 79 (34) 116 (36) 195 (35)

  self-pay 2 (1) 4 (1) 6 (1)

 mean birth weight in kg‡ 2.6 ± 1.1 2.6 ± 1.0 2.6 ± 1.0

 median weight at op, in kg (IQR)§ 4.1 (3.3–10.0) 5.5 (3.2–10.4) 4.7 (3.3–10.2)

 median LOS preceding shunt op, in days (IQR) 2 (0–15) 2 (0–14) 2 (0–14)

 prior inpatient antibiotics 99 (42) 123 (38) 222 (40)

 indication for shunt placement

  myelomeningocele 39 (17) 79 (25) 118 (21)

  IVH due to prematurity 48 (21) 37 (11) 85 (15)

  aqueductal stenosis 25 (11) 42 (13) 67 (12)

  tumor 33 (14) 36 (11) 69 (12)

  cyst 27 (11) 34 (11) 61 (11)

  head injury 16 (7) 28 (9) 44 (8)

  congenital 19 (8) 24 (7) 43 (8)

  spontaneous hemorrhage 5 (2) 22 (7) 27 (5)

  infection 12 (5) 13 (4) 25 (5)
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Characteristic

Subsequent CSF Shunt Op

Entire CohortAny None

  other unusual cause¶ 9 (4) 6 (2) 15 (3)

 complex chronic conditions

  none (except hydrocephalus) 174 (75) 236 (74) 410 (74)

  one 32 (14) 53 (16) 85 (15)

  two or more 27 (11) 32 (10) 59 (11)

  neuromuscular (except hydrocephalus) 35 (15) 57 (18) 92 (17)

  cardiac 20 (9) 23 (7) 43 (8)

  respiratory 9 (4) 16 (5) 25 (5)

  renal 1 (0.4) 3 (1) 4 (1)

  gastrointestinal 1 (0.4) 4 (1) 5 (1)

  hematological 9 (4) 7 (2) 16 (3)

  metabolic 0 (0) 0 (0) 0 (0)

  congenital/genetic 10 (4) 21 (7) 31 (6)

  malignancy 13 (6) 13 (4) 26 (5)

 prior op 66 (28) 73 (23) 139 (25)

 prior neurosurgery 128 (55) 194 (60) 322 (58)

surgeon factors

 surgeon

  A 69 (30) 127 (40) 196 (35)

  B 58 (25) 87 (27) 145 (26)

  C 57 (24) 61 (19) 118 (21)

  others; Group D 49 (21) 46 (14) 95 (17)

 mean surgeon vol (initial shunts/yr) 19 ± 8 20 ± 7 20 ± 8

*
The means are expressed ± SD throughout. Unless otherwise indicated, the values represent the number of patients, with percentages in

parentheses.

†
Missing data for 135 children.

‡
Missing data for 218 children.

§
Missing data for 1 child.

¶
“Other” category includes 3 children with pseudomeningocele, 3 with CSF leak, 2 with pseudotumor cerebri, 2 with communicating postoperative

aseptic meningitis, 1 treated to relieve pressure of baclofen pump, 1 with achondroplasia, 1 with gross macrocrania, 1 with ventriculomegaly, and 1
with acquired communicating hydrocephalus from extensive cardiac disease.
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TABLE 3

Results of final multivariate logistic regression model showing AORs of CSF shunt procedure within 12
months of initial shunt placement

Variable AOR (95% CI)

chronological age

 9 to 18 yrs*

 0 to <6 mos 1.9 (0.9–3.9)

 6 to <12 mos 0.8 (0.4–2.0)

 1 to <2 yrs 1.3 (0.5–3.4)

 2 to <9 yrs 1.3 (0.6–2.7)

male sex 1.0 (0.7–1.5)

race/ethnicity

 non-Latino white*

 Latino 0.7 (0.4–1.3)

 other/unknown 0.8 (0.4–1.6)

indication for shunt placement

 aqueductal stenosis*

 myelomeningocele 0.8 (0.4–1.5)

 IVH due to prematurity 2.2 (1.1–4.5)†

 tumors 2.0 (0.9–4.5)

 cyst 1.4 (0.7–2.9)

 head injury 1.3 (0.6–3.2)

 congenital 1.7 (0.7–3.9)

 spontaneous hemorrhage 0.4 (0.1–1.2)

 infection 1.8 (0.7–4.8)

 other unusual 3.7 (1.0–13.6)†

surgeon

 others; Group D*

 A 0.6 (0.3–1.0)

 B 0.7 (0.5–1.1)

 C 1.0 (0.6–1.8)

nonelective case priority 1.4 (0.9–2.1)

10-min case duration 1.0 (1.0–1.1)

*
Reference value.

†
Statistically significant odds (p < 0.05).
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TABLE 4

Medical and surgical decisions at the time of initial CSF shunt placement for the entire cohort of 554 children
and those with and without a subsequent CSF shunt procedure within 12 months*

Variable

Subsequent Procedure

Entire CohortAny None

no. of patients 233 321 554

medical decisions

 prophylactic IV antibiotic use† 209 (90) 289 (90) 498 (90)

  single dose 205 (88) 284 (89) 489 (88)

  multiple doses 4 (2) 5 (2) 9 (2)

 median IV antibiotic timing in min (IQR)‡ −13 (−18 to −7) −14 (−19 to −8) −14 (−19 to −8)

 prophylactic intrathecal antibiotic use 4 (2) 1 (0.3) 5 (1)

surgical decisions

 shunt brand§

  PS Medical/Medtronic 152 (66) 229 (74) 381 (70)

  Strata/Medtronic 22 (10) 27 (9) 49 (9)

  Delta/Medtronic¶ 26 (11) 19 (6) 45 (8)

  Codman-Medos/Medtronic 17 (7) 26 (8) 43 (8)

  Orbis-Sigma/Integra 12 (5) 10 (3) 22 (4)

  Paedi-gav/Aesculap 1 (0.4) 0 (0) 1 (0.1)

 antibiotic-impregnated tubing 11 (5) 27 (8) 38 (7)

 distal shunt location

  peritoneal¶ 220 (94) 320 (100) 540 (97)

  atrial 11 (5) 0 (0) 11 (2)

  other 2 (1) 1 (0.3) 3 (1)

 use of neuroendoscope 36 (15) 50 (16) 86 (16)

 use of ultrasound 8 (3) 12 (4) 20 (4)

 person preparing site

  nurse 131 (56) 150 (47) 281 (51)

  surgeon¶ 74 (32) 133 (41) 207 (37)

  other: resident, anesthesiologist, unknown 28 (12) 38 (12) 66 (12)

 case priority‡

  elective 153 (68) 227 (73) 380 (71)

  nonelective: add-on/emergency/urgent 72 (32) 85 (27) 157 (29)

 median case duration in min (IQR)† 69 (57–87) 64 (56–80) 65 (56–83)

 median no. of scrubbed personnel (IQR)** 4 (3–4) 4 (3–4) 4 (3–4)

*
Unless otherwise indicated, the values represent the number of patients, with percentages in parentheses.

†
Missing data for 1 child.

‡
Missing data for 17 children.

§
Missing data for 13 children.
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¶
p < 0.05.

**
Not available for 2 children.
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