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Cost Savings Associated with Antibiotic-Impregnated Shunt Catheters in the Treatment
of Adult and Pediatric Hydrocephalus

Scott L. Parker1, Matthew J. McGirt1, Jeffrey A. Murphy2, J. Thomas Megerian3, Michael Stout2, Luella Engelhart3
-BACKGROUND: Cerebrospinal fluid (CSF) shunt infection is a major cause of
morbidity and mortality in the treatment of hydrocephalus and is associated with
significant medical cost. Several studies have demonstrated the efficacy of
antibiotic-impregnated (AI) shunt catheters in reducing CSF shunt infection;
however, providers remain reluctant to adopt AI catheters into practice because
of the increased upfront cost. The objective of this study was to determine if the
use of AI catheters provided cost savings in a large nationwide database.

-METHODS: Hospital discharge and billing records from the Premier Perspec-
tive Database from 2003e2009 were retrospectively reviewed to identify all adult
and pediatric patients undergoing de novo ventricular shunt placement. The
incidence of shunt infection within 1 year of implantation was determined. Shunt
infectionerelated cost was defined as all inpatient billing costs incurred during
hospitalization for treatment of shunt infection.

-RESULTS: In 287 U.S. hospitals, 10,819 adult (AI catheters, 963; standard cath-
eters, 9856) and 1770 pediatric (AI catheters, 229; standard catheters, 1541) patients
underwent ventricular shunt placement. AI catheters were associated with sig-
nificant reduction in infection for both adult (2.2% vs. 3.6%, P[ 0.02) and pediatric
(2.6% vs. 7.1%, P < 0.01) patients. Total infection-related costs were $17,371,320
($45,714 � $49,745 per shunt infection) for adult patients and $6,508,064 ($56,104�
$65,746 per shunt infection) for pediatric patients. Infection-related cost per 100 de
novo shunts placed was $120,534 for AI catheters and $162,659 for standard
catheters in adult patients and $165,087 for AI catheters and $395,477 for standard
catheters in pediatric patients.

-CONCLUSIONS: In analysis of this large, nationwide database, AI catheters
were found to be associated with a significant reduction in infection incidence,
resulting in tremendous cost savings. AI catheters were associated with a cost
savings of $42,125 and $230,390 per 100 de novo shunts placed in adult and
pediatric patients, respectively.
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INTRODUCTION

Despite improvements in perioperative
antibiotic therapy and surgical technique,
shunt infection remains the most morbid
and financially significant complication
associated with the treatment of hydro-
cephalus in both pediatric and adult patients
(3, 11, 15, 26). Several independent risk fac-
tors have been identified, including patient
age, etiology of hydrocephalus, duration of
surgery, revision surgery, surgeon experi-
ence, previous shunt infection, post-
operative cerebrospinal fluid (CSF) leakage,
and external ventricular drainetoeshunt
conversions (22). Ventricular shunt infection
is a common complication, occurring in
3%e15% of patients (2, 4-6, 9, 20, 21, 23).
This complication can be associated with
significantmorbidity, including reduced IQ,
psychomotor retardation, seizures, and
shunt failure (1, 5, 11, 13, 33, 35, 36). Shunt
infection is also associatedwith a significant
financial impact; the average hospital cost
for the treatment of shunt infectionhas been
reported to be approximately $50,000, rep-
resenting the most costly implant-related
infection in the United States (3, 11, 26). The
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direct medical cost of shunt infection has
been shown to be $17,300e$48,454, with an
estimated total annual cost of $100 million
(3, 13, 31, 33).
Antibiotic-impregnated (AI) catheters

have been introduced with the primary
objective of reducing the incidence of shunt-
related infections.AI catheters slowly release
antibiotics over several weeks to prevent
the colonization of shunt systems by gram-
positive bacteria, which account for most
shunt infections (7, 14, 22, 24, 27, 32). The
bulk of the literature to date has demon-
strated a reduction in shunt-associated
infections associated with the use of AI
WORLD NEUROSURGERY, http://
catheters; however, there has been some
reluctance to adopt these systems because of
their increased cost compared with conven-
tional catheters (10, 13, 16, 17, 25, 29). We
assessed the overall costs associated with
shunt infection in a nationwide database to
determine whether the use of AI shunt
catheters is cost saving.
METHODS

Data Source
This was a retrospective longitudinal anal-
ysis of hospital discharge and billing
dx.doi.org/10.1016/j.wneu.2014.06.010
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Table 1. Patient and Hospital Characteristics for Adult Patients Receiving
Antibiotic-Impregnated and Standard Shunt Catheters

Antibiotic-Impregnated Catheter Standard Catheter P Value

Patient characteristics

Age (years) 64.4 � 18.0 62.5 � 17.7 < 0.01*

Male (%) 50.2 50.6 0.80

White (%) 77.1 68.8 < 0.01

Number of diagnoses 12.6 � 8.2 11.6 � 7.8 < 0.01y

Hospital characteristics

Private (%) 25.3 29.9 0.01

>500 beds (%) 68.5 52.8 < 0.01

Academic (%) 39.5 58.0 < 0.01

Southern region (%) 66.7 45.9 < 0.01

Mean � SD. P values are from c2 test except where noted.
*Student t test.
ySatterthwaite t test.
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records obtained from the Premier
Perspective� Database, a hospital service
database that includes detailed patient-
level data from inpatient hospitalizations
and hospital outpatient visits. This data-
base includes information from >600 U.S.
hospitals with information pertaining to
patient demographics (age, sex, race),
hospital characteristics, principal and sec-
ondary diagnoses, payer, cost of care,
medication utilization, departmental cost
and charge detail, length of stay, and
physician specialty (8). Participating hos-
pitals submit data to the Premier Perspec-
tive Database on a monthly or quarterly
basis. The data undergo multiple, separate
quality assurance and data validation
checks before they are made available for
research purposes. All data are deidentified
in accordance with the Health Insurance
Portability and Accountability Act.

Patient Population
All adult and pediatric (�17 years old,
excluding neonates) patients undergoing
de novo ventricular shunt placement be-
tween April 2003 and July 2009 were
included in this study. Neonates were
excluded from analysis secondary to a lack
of statistical comparison power for this age
group. Patients were identified by the In-
ternational Classification of Diseases, 9th
Edition, procedure code 02.34 (placement
of a ventricular shunt to abdominal cavity
and organs). Patients in the AI cohort
received both ventricular and distal AI
catheters. Patients in the standard cohort
received no AI catheters of any type. Addi-
tionally, it was confirmed that the patients
had undergone no shunting procedures in
the prior 2 years. The hospitalization for the
initial placement of the shunt was defined
as the index hospitalization.

Definition of Shunt Infection and Cost
Calculation
Shunt infection was defined as a hospital
claim with an infection diagnosis code of
996.63 (infection and inflammatory reaction
due to nervous system device, implant, and
graft electrodes implanted in brain) within 1
year after the initial shunt insertion proce-
dure and 1 or both of the following: 1) shunt
revision International Classification of Dis-
eases, 9th Edition, procedure code (02.2,
02.3, 02.32, 02.35, 02.39, 02.4, 02.41, 02.42,
02.43, 54.95) within 1 year of the 996.63 code
and 2) �5 consecutive days of any of the
WORLD NEUROSURGERY 83 [3]: 382-386
following antibiotics within 7 days before or
after the 996.63 infection code: ceftriaxone,
ceftazidime, cefotaxime, ceftizoxime, van-
comycin, gentamicin, linezolid, cefepime,
meropenem, or ciprofloxacin. Time to shunt
infection was measured from the date of
index shunt implantation to the first occur-
rence of the infection-related elementwithin
the first year. For the purposes of this study,
shunt infectionerelated cost was defined
as all inpatient billing cost incurred during
the hospitalization for treatment of shunt
infection. This cost calculation also included
the cost difference of AI versus standard
catheters.

Statistical Analysis
All analyses were performed using SAS
version 9.3 (SAS Institute, Inc, Cary, North
Carolina, USA). Summary data were pre-
sented as mean � SD for parametric data.
Nonparametric data were presented as me-
dian [interquartile range]. Percentages were
compared via chi-square or Fisher exact test
for intergroup comparison. Student t-test
was used for parametric data, andWilcoxon
rank sum test was used for nonparametric
data.
RESULTS

Overall Population
During the reviewed period, 12,589
consecutive adult and pediatric patients
, MARCH 2015 ww
from 287 hospitals undergoing de novo
ventricular shunt placement were identi-
fied. There were 496 (3.9%) patients
identified who experienced and received
treatment for a shunt infection within 1
year of the index shunt placement. The
median [interquartile range] time to shunt
infection was 4.6 [4.1e13.3] weeks. The
total cost associated with treatment of
shunt infections was $23,879,424 ($48,144
� $54,021 per shunt infection).
Adult Population
Adult patient and hospital characteristics
for the AI and standard catheter groups
are listed in Table 1. During the reviewed
time period, 10,819 adult patients were
identified who underwent a de novo shunt
placement. Of these, 380 (3.5%) patients
experienced a shunt infection within 1 year
of placement. The total cost associated with
treatment of shunt infection within the
adult population was $17,371,320 ($45,714
� $49,745 per shunt infection) (Table 2).

AI shunt catheters were placed in 963
(8.9%) adult patients, and standard shunt
catheters were placed in 9,856 (91.1%) pa-
tients. A shunt infection was experienced by
21 (2.2%) patients with AI catheters versus
359 (3.6%) patients with standard catheters
(P ¼ 0.02). There was no difference in time
to shunt infection between the AI and stan-
dard catheter cohorts (8.6 [0.1e17.7] weeks
vs. 4.6 [4.3e13.3] weeks; P ¼ 0.29). The
w.WORLDNEUROSURGERY.org 383
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Table 2. Incidence and Cost of Shunt Infections for Antibiotic-Impregnated and Standard Shunt Catheters in the Adult Population

Number of
Patients

Number of Shunt
Infections

Incidence Shunt
Infection

Median Time to
Shunt Infection

Total
Shunt-Related Cost

Mean Cost per
Shunt Infection

Infection Cost per
100 De Novo Shunts

AI catheters 963 21 2.2% 8.6 weeks $1,150,548 $54,788 � $59,728 $120,534

Standard
catheters

9856 359 3.6% 4.6 weeks $16,220,697 $45,183 � $49,146 $162,659

AI, antibiotic-impregnated.

Table 3. Comparison of Patient and Hospital Characteristics for Pediatric Patients
Receiving Antibiotic-Impregnated and Standard Shunt Catheters

Antibiotic-Impregnated Catheter Standard Catheter P Value

Patient characteristics

Age (years) —* —*

Male (%) 50.2 54.7 0.20

White (%) 59.8 54.3 0.11

Number of diagnoses 9.1 � 8.5 8.1 � 7.8 0.06y

Hospital characteristics

Private (%) 41.5 40.0 0.16

>500 beds (%) 38.0 67.4 < 0.01

Academic (%) 75.6 73.2 0.45

Southern region (%) 76.0 66.3 < 0.01

Mean � SD. P values are from c2 test except where noted.
*Patient age <15 years unavailable because of the Health Insurance Portability and Accountability Act.
yStudent t test.
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infection-related cost totaled $1,150,548 for
the AI cohort and $16,220,697 for the stan-
dard catheter cohort. The mean cost per
shunt infection was similar for patients in
the AI ($54,788 � $59,728) and standard
($45,183 � $49,146) catheter cohorts (P ¼
0.39). The infection-related cost per 100 de
novo shunts placed (infection incidence
multiplied by mean infection-related cost)
was $120,534 for AI catheters and $162,659
for standard shunt catheters. The use of AI
catheters was associated with an infection-
related cost savings of $42,125 per 100 de
novo shunts placed (Table 2).

Pediatric Population
Pediatric patient and hospital characteristics
for the AI and standard catheter groups are
listed in Table 3. During the reviewed time
period, 1770 pediatric patients were identi-
fied who underwent a de novo shunt
placement. Of these, 116 (6.6%) patients
experienced a shunt infectionwithin 1 year of
placement. The total cost associated
with treatment of shunt infection within
the pediatric population was $6,508,064
($56,104 � $65,746 per shunt infection)
(Table 4).
AI shunt catheters were placed in 229

(12.9%) pediatric patients compared with
1541 (87.1%) patients who had standard
shunt catheters placed. A shunt infection
occurred in 6 (2.6%) patients in the AI
catheter cohort versus 110 (7.1%) patients in
the standard catheter cohort (P < 0.01).
There was no difference in time to shunt
infection between the AI and standard
catheter cohorts (13.3 [0.1e30.7] weeks vs.
4.6 [0.7e17.6] weeks; P ¼ 0.29). The infec-
tion-related cost totaled $380,970 for the AI
cohort and $6,127,110 for the standard
catheter cohort. The mean cost per shunt
infection was similar for patients in the
AI ($63,495 � $69,968) and standard
($55,701 � $65,824) catheter cohorts (P ¼
0.78) (Table 4). The infection-related cost per
384 www.SCIENCEDIRECT.com
100 de novo shunts placed was $165,087 for
AI catheters and $395,477 for standard shunt
catheters. The use of AI catheters was asso-
ciated with an infection-related cost savings
of $230,390 per 100 de novo shunts placed.
DISCUSSION

In the analysis of this large, nationwide
database containing data from 287 hospi-
tals and 12,589 consecutive patients un-
dergoing placement of a de novo ventricular
shunt, AI catheters were associated with a
1.4% (P ¼ 0.02) and 4.5% (P < 0.01) abso-
lute reduction in infection for adult and
pediatric populations, respectively. The
reduction in infection associated with the
use of AI catheters also resulted in cost
savings for both adult and pediatric co-
horts. For adults, use of AI catheters was
associated with an infection-related cost
savings of $42,125 per 100 de novo shunts
placed. The cost savingswasmore dramatic
WORLD NEUROSURGERY, http://
in the pediatric cohort, with use of AI
catheters being associated with an infec-
tion-related cost savings of $230,390 per
100 de novo shunts placed. The results of
this analysis suggest that AI catheters pro-
vide significant cost savings when used for
the treatment of hydrocephalus in both
adult and pediatric cohorts.
Shunt infection is one of the most com-

mon etiologies of shunt-related complica-
tions, with a rate of 3%e15% as described
by systematic reviews of the literature (24,
34). Previous studies have identified a
multitude of independent risk factors
associated with shunt infection, including
length of surgery, number of prior re-
visions, experience of the surgeon, etiology
of hydrocephalus, patient age, immune
status, and postoperative CSF leakage
(1, 10, 12, 18, 19, 27, 28, 30). Despite
continued improvements in surgical and
sterilization technique, perioperative anti-
biotic therapy, and appreciation of the
dx.doi.org/10.1016/j.wneu.2014.06.010
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Table 4. Incidence and Cost of Shunt Infections for Antibiotic-Impregnated and Standard Shunt Catheters in the Pediatric Population

Number of
Patients

Number of Shunt
Infections

Incidence Shunt
Infection

Median Time to
Shunt Infection

Total
Shunt-Related Cost

Average Cost per
Shunt Infection

Infection Cost per
100 De Novo Shunts

AI catheters 229 6 2.6% 13.3 weeks $380,970 $63,495 � $69,968 $165,087

Standard
catheters

1541 110 7.1% 4.6 weeks $6,127,110 $55,701 � $65,824 $395,477

AI, antibiotic-impregnated.
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aforementioned risk factors, significant
reductions in infection rates remain elusive
(10). Shunt-associated infections prolong
in-hospital stays and lead to significant
morbidity andmortality, with 33%of shunt-
related deaths occurring secondary to shunt
infection (13, 26, 31, 37).
The literature to date contains multiple

studies demonstrating a reduction in shunt
infection associated with the use of AI
catheters. A systematic literature review
showed AI catheters to be associated with a
significant infection reduction overall
(3.3% vs. 7.2%), for adult-specific cohorts
(0.9% vs. 5.8%), and for pediatric-specific
cohorts (5.0% vs. 11.2%) (24). The results of
the current study further corroborate the
findings from the literature as a whole. This
infection reduction has previously been
shown to result in significant cost savings.
Attenello et al. (3) demonstrated that the
introduction of AI catheters into their
institutional practice resulted in significant
hospital cost savings for pediatric patients.
The authors reported that although mean
hospital cost per shunt infection was
similar for AI and standard catheters, the
infection-related hospital cost per 100 pa-
tients receiving shunts was markedly lower
in the AI cohort versus standard cohort
($151,582 vs. $593,715) because of the
decreased incidence of shunt infection in
the AI cohort. A similar cost savings has
been demonstrated in the adult population.
Farber et al. (15) reported that AI shunt
catheters were associated with a direct cost
savings of $47,193 per 100 shunt surgeries
performed. The reluctance of providers and
health care systems to adopt AI catheters
into routine practice has largely been sec-
ondary to the direct initial cost of these
systems. Each AI catheter costs approxi-
mately $400.00 more than a standard
shunt catheter, which can represent a
significant upfront cost in high-volume
WORLD NEUROSURGERY 83 [3]: 382-386
centers (13, 26). However, when consid-
ering the significant cost savings associated
with the reduction in infection reported
here, AI shunt catheters may be extremely
cost-effective.
Analyses of large, administrative data-

bases such as this one can provide valuable
information but have inherent limitations
with regard to determination of causality.
As with all retrospective analyses, it was not
possible to control completely for patient
and surgeon characteristics that may affect
the selection of treatment or the risk of
infection. The neonate population could not
be assessed with this data set because of an
insufficient number of patients to compare.
Because neonates are at particular risk for
CSF infection, further studies are warranted
to better understand this patient cohort. The
costs reported here represent only inpatient
hospitalization costs and are limited to
charges occurring within 1 year after the in-
dex shunt procedure. Costs after discharge,
such as home health, rehabilitation, missed
work, and lost productivity, were not
assessed in the current study, and these
factors can contribute a significant compo-
nent to the overall costs of treatment in this
patient population. It is also possible that
infection occurred beyond the 1-year follow-
up period for this study. All of these factors
would increase further the costs associated
with CSF infections in this patient popula-
tion. Although randomized controlled trials
remain the “gold standard” for assessing
safety and efficacy and would control for
potential catheter selection bias inherent in
an observational study, administrative data-
bases provide the ability to assess multiple
risk factors and the association of different
treatments with clinical and economic out-
comes among extremely large cohorts.
Results from large population studies are
more likely to be generalizable to the average
patient undergoing these procedures.
, MARCH 2015 ww
CONCLUSIONS

In analysis of a large, nationwide database,
AI catheters were found to be associated
with a significant reduction in incidence of
infection, resulting in cost savings. AI
catheters were associated with a cost sav-
ings of $42,125 and $230,390 per 100 de
novo shunts placed in adult and pediatric
patients, respectively.

REFERENCES

1. Ammirati M, Raimondi AJ: Cerebrospinal fluid
shunt infections in children. A study on the rela-
tionship between the etiology of hydrocephalus,
age at the time of shunt placement, and infection
rate. Childs Nerv Syst 3:106-109, 1987.

2. Aryan HE, Meltzer HS, Park MS, Bennett RL,
Jandial R, Levy ML: Initial experience with anti-
biotic-impregnated silicone catheters for shunting
of cerebrospinal fluid in children. Childs Nerv
Syst 21:56-61, 2005.

3. Attenello FJ, Garces-Ambrossi GL, Zaidi HA,
Sciubba DM, Jallo GI: Hospital costs associated
with shunt infections in patients receiving anti-
biotic-impregnated shunt catheters versus stan-
dard shunt catheters. Neurosurgery 66:284-289
[discussion 289], 2010.

4. Bayston R, Lari J: A study of the sources of
infection in colonised shunts. Dev Med Child
Neurol 16:16-22, 1974.

5. Blount JP, Campbell JA, Haines SJ: Complications
in ventricular cerebrospinal fluid shunting. Neu-
rosurg Clin N Am 4:633-656, 1993.

6. Borgbjerg BM, Gjerris F, Albeck MJ, Borgesen SE:
Risk of infection after cerebrospinal fluid shunt:
an analysis of 884 first-time shunts. Acta Neuro-
chir (Wien) 136:1-7, 1995.

7. Borges LF: Cerebrospinal fluid shunts interfere
with host defenses. Neurosurgery 10:55-60, 1982.

8. Burke TA, Wisniewski T, Ernst FR: Resource uti-
lization and costs associated with chemotherapy-
induced nausea and vomiting (CINV) following
highly or moderately emetogenic chemotherapy
administered in the US outpatient hospital setting.
Support Care Cancer 19:131-140, 2011.
w.WORLDNEUROSURGERY.org 385

http://refhub.elsevier.com/S1878-8750(14)00556-7/sref1
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref1
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref1
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref1
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref1
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref2
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref2
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref2
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref2
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref2
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref3
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref4
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref4
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref4
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref5
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref5
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref5
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref6
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref6
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref6
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref6
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref7
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref7
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref8
http://www.WORLDNEUROSURGERY.org


PEER-REVIEW REPORTS

SCOTT L. PARKER ET AL. COST SAVINGS AND AI SHUNT CATHETERS
9. Chapman PH, Borges LF: Shunt infections: pre-
vention and treatment. Clin Neurosurg 32:
652-664, 1985.

10. Choux M, Genitori L, Lang D, Lena G: Shunt
implantation: reducing the incidence of shunt
infection. J Neurosurg 77:875-880, 1992.

11. Darouiche RO: Treatment of infections associated
with surgical implants. N Engl J Med 350:
1422-1429, 2004.

12. Ersahin Y, Mutluer S, Guzelbag E: Cerebrospinal
fluid shunt infections. J Neurosurg Sci 38:161-165,
1994.

13. Eymann R, Chehab S, Strowitzki M, Steudel WI,
Kiefer M: Clinical and economic consequences of
antibiotic-impregnated cerebrospinal fluid shunt
catheters. J Neurosurg Pediatr 1:444-450, 2008.

14. Farber SH, Parker SL, Adogwa O, McGirt MJ,
Rigamonti D: Effect of antibiotic-impregnated
shunts on infection rate in adult hydrocephalus: a
single institution’s experience. Neurosurgery 69:
625-629 [discussion 629], 2011.

15. Farber SH, Parker SL, Adogwa O, Rigamonti D,
McGirt MJ: Cost analysis of antibiotic-impregnated
catheters in the treatment of hydrocephalus in adult
patients. World Neurosurg 74:528-531, 2010.

16. Gardner P, Leipzig T, Phillips P: Infections of
central nervous system shunts. Med Clin North
Am 69:297-314, 1985.

17. Kestle JR, HoffmanHJ, Soloniuk D, Humphreys RP,
Drake JM,Hendrick EB: A concerted effort to prevent
shunt infection. Childs Nerv Syst 9:163-165, 1993.

18. Kulkarni AV, Drake JM, Lamberti-Pasculli M:
Cerebrospinal fluid shunt infection: a prospective
study of risk factors. J Neurosurg 94:195-201, 2001.

19. Mancao M, Miller C, Cochrane B, Hoff C, Sauter K,
Weber E: Cerebrospinal fluid shunt infections in
infants and children in Mobile, Alabama. Acta
Paediatr 87:667-670, 1998.

20. McGirt MJ, Woodworth G, Coon AL, Thomas G,
Williams MA, Rigamonti D: Diagnosis, treatment,
and analysis of long-term outcomes in idiopathic
normal-pressure hydrocephalus. Neurosurgery 57:
699-705 [discussion 699-705], 2005.

21. McGirt MJ, Woodworth G, Thomas G, Miller N,
Williams M, Rigamonti D: Cerebrospinal fluid
To facilitate the pe

To aid in the excha

To encourage resea

To address issues o

To address issues o

To implement, impr

386 www.SCIENCEDIRECT.com
shunt placement for pseudotumor cerebri-associ-
ated intractable headache: predictors of treatment
response and an analysis of long-term outcomes.
J Neurosurg 101:627-632, 2004.

22. McGirt MJ, Zaas A, Fuchs HE, George TM,
Kaye K, Sexton DJ: Risk factors for pediatric
ventriculoperitoneal shunt infection and pre-
dictors of infectious pathogens. Clin Infect Dis 36:
858-862, 2003.

23. Odio C, McCracken GH Jr, Nelson JD: CSF shunt
infections in pediatrics. A seven-year experience.
Am J Dis Child 138:1103-1108, 1984.

24. Parker SL, Anderson WN, Lilienfeld S,
Megerian JT, McGirt MJ: Cerebrospinal shunt
infection in patients receiving antibiotic-impreg-
nated versus standard shunts. J Neurosurg Pediatr
8:259-265, 2011.

25. Pattavilakom A, Xenos C, Bradfield O, Danks RA:
Reduction in shunt infection using antibiotic
impregnated CSF shunt catheters: an Australian
prospective study. J Clin Neurosci 14:526-531, 2007.

26. Patwardhan RV, Nanda A: Implanted ventricular
shunts in the United States: the billion-dollar-a-
year cost of hydrocephalus treatment. Neurosur-
gery 56:139-144 [discussion 144-145], 2005.

27. Pople IK, Bayston R, Hayward RD: Infection of
cerebrospinal fluid shunts in infants: a study of
etiological factors. J Neurosurg 77:29-36, 1992.

28. Renier D, Lacombe J, Pierre-Kahn A, Sainte-
Rose C, Hirsch JF: Factors causing acute shunt
infection. Computer analysis of 1174 operations.
J Neurosurg 61:1072-1078, 1984.

29. Ritz R, Roser F, Morgalla M, Dietz K, Tatagiba M,
Will BE: Do antibiotic-impregnated shunts in
hydrocephalus therapy reduce the risk of infec-
tion? An observational study in 258 patients. BMC
Infect Dis 7:38, 2007.

30. Rogers EA, Kimia A, Madsen JR, Nigrovic LE,
Neuman MI: Predictors of ventricular shunt
infection among children presenting to a pediatric
emergency department. Pediatr Emerg Care 28:
405-409, 2012.

31. Sciubba DM, Lin LM, Woodworth GF, McGirt MJ,
Carson B, Jallo GI: Factors contributing to the
medical costs of cerebrospinal fluid shunt infec-
tion treatment in pediatric patients with standard
rsonal association of neurological surgeons throughout the world

nge and dissemination of knowledge and ideas in the field of neurolo

rch in neurological surgery and allied sciences

f neurosurgical demography

f Public Health

ove and promote the standards of neurosurgical care and training wo

WORLD FEDERATION OF NEUROSURGICA
Mission Statement

WORLD NEUROSURGERY, http://
shunt components compared with those in
patients with antibiotic impregnated components.
Neurosurg Focus 22:E9, 2007.

32. Sciubba DM, Noggle JC, Carson BS, Jallo GI:
Antibiotic-impregnated shunt catheters for the
treatment of infantile hydrocephalus. Pediatr
Neurosurg 44:91-96, 2008.

33. Sciubba DM, Stuart RM, McGirt MJ,
Woodworth GF, Samdani A, Carson B, Jallo GI:
Effect of antibiotic-impregnated shunt catheters in
decreasing the incidence of shunt infection in the
treatment of hydrocephalus. J Neurosurg 103:
131-136, 2005.

34. Thomas R, Lee S, Patole S, Rao S: Antibiotic-
impregnated catheters for the prevention of CSF
shunt infections: a systematic review and meta-
analysis. Br J Neurosurg 26:175-184, 2012.

35. Walters BC, Hoffman HJ, Hendrick EB,
Humphreys RP: Cerebrospinal fluid shunt infec-
tion. Influences on initial management and sub-
sequent outcome. J Neurosurg 60:1014-1021, 1984.

36. Whitehead WE, Kestle JR: The treatment of
cerebrospinal fluid shunt infections. Results from
a practice survey of the American Society of
Pediatric Neurosurgeons. Pediatr Neurosurg 35:
205-210, 2001.

37. Williams MA, Sharkey P, van Doren D, Thomas G,
Rigamonti D: Influence of shunt surgery on health-
care expenditures of elderly fee-for-service Medicare
beneficiaries with hydrocephalus. J Neurosurg 107:
21-28, 2007.

Conflict of interest statement: M.J. McGirt is a paid
consultant for Codman & Shurtleff. J.A. Murphy, J.T.
Megerian, M. Stout, and L. Engelhart are paid employees of
Johnson & Johnson, Inc.

Received 21 December 2012; accepted 9 June 2014;
published online 13 June 2014

Citation: World Neurosurg. (2015) 83, 3:382-386.
http://dx.doi.org/10.1016/j.wneu.2014.06.010

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2015 Elsevier Inc.
All rights reserved.
gical surgery

rldwide

L SOCIETIES

dx.doi.org/10.1016/j.wneu.2014.06.010

http://refhub.elsevier.com/S1878-8750(14)00556-7/sref9
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref9
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref9
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref10
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref10
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref10
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref11
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref11
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref11
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref12
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref12
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref12
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref13
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref13
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref13
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref13
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref14
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref14
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref14
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref14
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref14
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref15
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref15
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref15
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref15
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref16
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref16
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref16
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref17
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref17
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref17
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref18
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref18
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref18
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref19
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref19
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref19
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref19
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref20
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref20
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref20
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref20
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref20
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref21
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref22
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref22
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref22
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref22
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref22
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref23
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref23
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref23
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref24
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref24
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref24
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref24
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref24
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref25
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref25
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref25
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref25
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref26
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref26
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref26
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref26
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref27
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref27
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref27
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref28
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref28
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref28
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref28
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref29
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref29
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref29
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref29
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref29
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref30
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref30
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref30
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref30
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref30
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref31
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref32
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref32
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref32
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref32
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref33
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref34
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref34
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref34
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref34
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref35
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref35
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref35
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref35
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref36
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref36
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref36
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref36
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref36
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref37
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref37
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref37
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref37
http://refhub.elsevier.com/S1878-8750(14)00556-7/sref37
http://dx.doi.org/10.1016/j.wneu.2014.06.010
http://www.WORLDNEUROSURGERY.org
http://www.sciencedirect.com
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2014.06.010

	Cost Savings Associated with Antibiotic-Impregnated Shunt Catheters in the Treatment of Adult and Pediatric Hydrocephalus
	Introduction
	Methods
	Data Source
	Patient Population
	Definition of Shunt Infection and Cost Calculation
	Statistical Analysis

	Results
	Overall Population
	Adult Population
	Pediatric Population

	Discussion
	Conclusions
	References


