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Object. Quality improvement techniques are being implemented in many areas of medicine. In an effort to
reduce the ventriculoperitoneal shunt infection rate, a standardized protocol was developed and implemented at 4
centers of the Hydrocephalus Clinical Research Network (HCRN).

Methods. The protocol was developed sequentially by HCRN members using the current literature and prior in-
stitutional experience until consensus was obtained. The protocol was prospectively applied at each HCRN center to
all children undergoing a shunt insertion or revision procedure. Infections were defined on the basis of CSF, wound,
or pseudocyst cultures; wound breakdown; abdominal pseudocyst; or positive blood cultures in the presence of a
ventriculoatrial shunt. Procedures and infections were measured before and after protocol implementation.

Results. Twenty-one surgeons at 4 centers performed 1571 procedures between June 1,2007, and February 28,
2009. The minimum follow-up was 6 months. The Network infection rate decreased from 8.8% prior to the protocol
to 5.7% while using the protocol (p = 0.0028, absolute risk reduction 3.15%, relative risk reduction 36%). Three of
4 centers lowered their infection rate. Shunt surgery after external ventricular drainage (with or without prior infec-
tion) had the highest infection rate. Overall protocol compliance was 74.5% and improved over the course of the
observation period. Based on logistic regression analysis, the use of BioGlide catheters (odds ratio [OR] 1.91, 95%
CI 1.19-3.05; p = 0.007) and the use of antiseptic cream by any members of the surgical team (instead of a formal
surgical scrub by all members of the surgical team; OR 4.53,95% CI 1.43-14.41; p = 0.01) were associated with an
increased risk of infection.

Conclusions. The standardized protocol for shunt surgery significantly reduced shunt infection across the
HCRN. Overall protocol compliance was good. The protocol has established a common baseline within the Network,
which will facilitate assessment of new treatments. Identification of factors associated with infection will allow fur-
ther protocol refinement in the future. (DOI: 10.3171/2011 .4 .PEDS10551)
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to be a source of morbidity for children with hydro-
cephalus and a frustrating problem for clinicians. In
large databases the procedural infection rate has been re-
ported as approximately 8%—10%.78'4 Shunt infection is
an important contributor to the cost of care in pediatric
hydrocephalus.? Treatment of infection requires hospi-

INFECTION of ventriculoperitoneal shunts continues

Abbreviations used in this paper: EVD = external ventricular
drain; HCRN = Hydrocephalus Clinical Research Network.
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tal admission, surgical removal of the device, inpatient
intravenous antibiotic therapy for a variable period of
time,"'® and implantation of a new shunt system. Typical
hospitalizations last 7-21 days.” Despite these measures,
recurrent infection is common.>!° Clearly, prevention of
infection is essential, and many techniques have been
promoted to minimize the risk.

This article contains some figures that are displayed in color
online but in black and white in the print edition.

J Neurosurg: Pediatrics / Volume 8 / July 2011

Brought to you by Souransky Medical Ctr | Unauthenticated | Downloaded 12/11/24 05:36 AM UTC



Quality improvement in shunt surgery

Recent work in other areas of medicine and surgery
has demonstrated beneficial results using quality im-
provement methodology. This methodology involves the
development and application of standardized, stepwise
protocols for common health care processes, measure-
ment of compliance, and observation of the effect on
outcome. Single-center studies using these methods have
suggested benefits in a number of areas. Less commonly,
investigators have applied standardized protocols across
multiple centers. The National Association of Children’s
Hospitals and Related Institutions (NACHRI) demon-
strated a 43% reduction in central line infections using
two “practice bundles”—one for insertion and another
for maintenance.!" The WHO-sponsored study on surgi-
cal errors found that application of a standardized preop-
erative checklist effectively reduced mortality rates in a
broad range of surgical procedures across multiple inter-
national centers.

To our knowledge, the application of standardized
preoperative protocols across multiple centers has not been
conducted in neurosurgery. Our goal was to apply these
quality improvement methodologies to CSF shunt surgery
in an effort to reduce the 6-month infection rate.

Methods
Study Setting

The HCRN is a collaboration of pediatric neurosur-
gical centers conducting systematic investigations in the
management of pediatric hydrocephalus. In an effort to
reduce the risk of shunt infection, a quality improvement
methodology was adopted by HCRN centers. Prior to
implementation of the standardized protocol, the centers
and surgeons had used a variety of perioperative tech-
niques to try to prevent infection. There was substantial
variation from one center to another and from one sur-
geon to another. The HCRN centers agreed to develop a
standardized multistep protocol to try to reduce the infec-
tion rate across the Network.

Quality Improvement Protocol Development and
Implementation

The protocol was developed by HCRN members us-
ing the current literature®*!2 and prior institutional expe-
rience (Fig. 1). The protocol steps were discussed dur-
ing biweekly Network conference calls and at biannual
Network meetings. The details were sequentially revised
until consensus was obtained. The protocol was reviewed
by representatives from the infectious diseases and phar-
macy departments and the neurosurgical operating room
at each center. The 11-step protocol was instituted at each
center with the approval of the local quality assurance
committee, and the data were collected locally. Institu-
tional review board approval was obtained to pool the
data for the purposes of this analysis.

Entry Criteria

All children at each HCRN center were entered into
the study when they underwent a shunt insertion or shunt
revision operation, including ventriculoperitoneal, ven-
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triculoatrial, ventriculopleural, arachnoid cyst, subdural,
and lumboperitoneal shunts and shunts replaced after
treatment of infection. Patients whose first presentation
was with a shunt infection were entered into the study
after their infections were treated, at the time their shunts
were being replaced. Children receiving EVDs, Omma-
ya reservoirs, ventricular access devices, and subgaleal
shunts were not included at the time of those procedures
but were eligible if they later underwent a procedure list-
ed above.

Procedures were classified as shunt insertion (inser-
tion of a shunt in a child who had not had one previously),
shunt revision (surgery in which a child entered the operat-
ing room with all shunt equipment previously implanted
and left the operating room with all shunt equipment im-
planted), shunt insertion after external ventricular drainage
(not infected), and shunt insertion after treatment of infec-
tion. All repeated procedures of any type were recorded.

Outcome Variable

Patients were evaluated for infection at the time of rou-
tine clinical follow-up, emergency room visits, or hospital
admissions. Evaluation followed the surgeons’ usual clini-
cal practice. The primary end point for the study was shunt
infection, defined as: 1) identification of organisms on cul-
ture or Gram stain from CSF, wound swab, or pseudocyst
fluid; 2) shunt erosion (defined as wound breakdown with
visible shunt hardware); 3) abdominal pseudocyst (even in
the absence of positive cultures); or 4) positive blood cul-
tures in a child with a ventriculoatrial shunt.

Data Collection

For protocol compliance, a flow sheet outlining the
steps (Fig. 1) was used for data collection at each center.
As a member of the HCRN, each center has a full-time re-
search coordinator whose responsibility it is to collect the
data prospectively. In many of the cases, the coordinator
also observed the shunt operations and reminded surgeons
to comply with the protocol. Compliance with each step
was recorded. The hand-washing technique was recorded
as follows: if all personnel participating in the operation
performed a formal scrub, then the hand-washing tech-
nique was compliant for that operation. If any individual
participating in the operation used antiseptic cream (in-
stead of doing a formal scrub), then the hand-washing tech-
nique was recorded as noncompliant for that procedure.

In addition, nonprotocol factors that could potentially
affect the infection risk were also identified and document-
ed. These included the use of antibiotic-impregnated sutures
for wound closure,”? use of BioGlide catheters (Medtronic,
Inc.) in the shunt system, preoperative chlorhexidine hair
washing, and no-touch surgical technique. Surgery using a
no-touch technique meant that the surgical team manipu-
lated the shunt equipment with sterile instruments as much
as possible rather than with their gloved hands.

Data Analysis

Data were stored locally and then aggregated for this
analysis. Data on shunt infection rates for the 12 months
preceding institution of the protocol were obtained from
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Fic. 1. Diagram showing the HCRN shunt surgery protocol. In the step requiring the surgeon to ask for antibiotics, the surgeon
requests that intravenous cefazolin (30 mg/kg) be given before making the first incision. In patients allergic to cephalosporins,
vancomycin (15 mg/kg) is used. When the patient’s hair is clipped, the hair is removed using clippers in the region of the incision
as per the surgeon’s usual practice. The shunt equipment selected for shunt insertion or revision is selected by the surgeon,
except that antibiotic-impregnated shunts were not allowed. After the shunt procedure and prior to closure, 1 ml (10 mg/ml) of
vancomycin mixed with 2 ml (2 mg/ml) of gentamicin is injected into the shunt reservoir with a 25-gauge needle (or smaller). In
patients with a prior adverse reaction to vancomycin, the gentamicin is given alone. For this study, procedures in which vancomy-
cin was not used were counted as noncompliant.
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Quality improvement in shunt surgery

each center. These data were obtained from prospective
departmental databases, hospital infection control re-
cords, and retrospective review of medical records. At all
centers the preprotocol infection data were based on the
results of CSF cultures, with positive cultures leading to a
diagnosis of infection.

Categorical outcomes were compared with a Pear-
son chi-square test or Fisher exact test of proportions.
Network-wide and center-specific monthly infection rates
were plotted on control charts. Logistic regression was
performed to assess for associations between protocol
and nonprotocol factors and infection within 6 months
of surgery. Specifically, factors showing at least a weak
association with infection (p < 0.2) in univariate analy-
sis were considered for entry into regression models that
adjusted for within-patient correlation (as often the same
patient was seen multiple times during the period of this
study) using generalized estimating equations. One model
included only components of the shunt protocol, where-
as a second model tested the association of the protocol
as well as additional nonprotocol factors with infection.
Analysis was performed using commercially available
statistical software (SPSS version 17.0, SAS version 9.2).

Results

Twenty-one surgeons at 4 centers performed 1571
shunt procedures using the protocol from June 1, 2007,
to February 28, 2009. The 4 participating centers were
Primary Children’s Medical Center, University of Utah;
Children’s Hospital of Alabama, University of Alabama
at Birmingham; Hospital for Sick Children, University of
Toronto; and Texas Children’s Hospital, Baylor College
of Medicine.

For this analysis, follow-up monitoring closed on
August 31, 2009. The 1571 procedures were performed
in 1004 children. The median patient age at surgery was
5.2 years overall, 20.5 weeks for shunt insertion, and 8.9
years for shunt revision. The most common procedure
was shunt revision (61%), followed by shunt insertion
(26%), insertion after external ventricular drainage (6%),
and insertion after infection (6%; Table 1). Infection oc-
curred after 89 (5.7%) of the 1571 procedures. Procedure-
specific infection rates were significantly different (p =
0.009; Table 1), with a high value of 10.8% for shunt in-

TABLE 1: Type of shunt procedure*

Insertion Insertion
After After

Variable Insertion Revision ~ EVD Infection Total
Center A 152 (28) 331(62) 28(5) 24(4) 535
Center B 144 (27) 305(57) 45(8) 37(7) 531
Center C 76 (26) 192 (66) 9(3 12(4) 289
Center D 43(20) 135(63) 18(8) 20(9) 216
total procedures ~ 415(26) 963 (61) 100(6) 93 (6) 1571
procedure-specific 29 (7.0) 41(4.3)  9(9.0) 10(10.8)

infections

* Data represent numbers of patients (%).
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TABLE 2: Infection rates according to surgeon procedure volume

Procedures Per Total Infection
Surgeon No. of Surgeons  Procedures Percentage
>120 5 728 5.4
80-120 3 306 6.9
40-79 7 417 5.3
<40 6 120 5.8

sertion after treatment of an infection and a low value of
4.3% after a shunt revision.

Protocol procedures were performed by 21 surgeons,
each of whom completed between 1 and 161 procedures.
There were 15 surgeons who performed 40 or more pro-
cedures. These 15 surgeons accounted for 1451 (92.4%)
of the procedures (Table 2). Surgeon-specific infection
rates varied (0%—12.9%) and did not appear to correlate
with surgeon procedure volume (Table 2).

The Network-wide infection rate while the protocol
was in place (5.7%) was significantly lower (p = 0.0028)
than the preprotocol infection rate of 8.8% (79 infec-
tions/896 procedures) and represents an absolute risk
reduction of 3.2% and a relative risk reduction of 36%.
Center-specific infection rates using the protocol were
4.3%,4.8%,5.1%, and 7.7% (p = 0.09). Center-specific in-
fection rates were lower when using the protocol, versus
preprotocol, at 3 of the 4 study centers (Table 3, Fig. 2).

Surgeon compliance with the protocol was recorded.
There were 59 procedures for which compliance could
not be accurately determined. Among the 1512 proce-
dures with accurate compliance data, there were 1124
(74.5%) in which all 11 steps of the protocol were com-
pleted (perfect compliance). In another 306 procedures
(20.2%), 10 of the 11 steps were completed. Among the
1430 procedures with at least 10 of the 11 steps followed,
there were 80 infections (5.6%). Among the 82 patients in
whom 2 or more protocol steps were missed, there were 7
infections (8.5%, p = 0.32).

Among the 306 patients in whom a single component
of the protocol was missed, the most commonly missed
items were injection of vancomycin and gentamicin or po-
sitioning the patient with the operative site away from the
main door of the operating room. Procedures in which the
patient was not given vancomycin because of a reported al-
lergy were counted as a protocol violation. The proportion
of cases with perfect protocol compliance improved over
the course of the study and did not vary greatly between
centers (overall compliance rates = 79%, 75%, 69%, and
64%). Among the 15 surgeons who performed 40 or more
procedures, 10 surgeons had a lower infection rate when
they performed perfectly compliant procedures.

The infection rates associated with the various proto-
col and nonprotocol factors are outlined in Tables 4 and
5. Preoperative patient hair washing with chlorhexidine
shampoo, double gloving by all members of the surgical
team, and the use of antibiotic-impregnated sutures were
associated with a significantly lower risk of infection. The
use of BioGlide catheters and the use of antiseptic cream
(instead of a formal scrub by all team members) were as-
sociated with a significantly higher risk of infection.

25

Brought to you by Souransky Medical Ctr | Unauthenticated | Downloaded 12/11/24 05:36 AM UTC



TABLE 3: Center-specific infection rates

J.R. W. Kestle et al.

Preprotocol Infections Using  Absolute Shunt Infection Risk  Relative Shunt Infection Risk
Center Infections (%) Protocol (%) Reduction (%) = 95% Cl Reduction (%)
A 40/316 (12.7) 23/535 (4.3) 84+21 66
B 14/197 (7.1) 41/531 (7.7) -06+22 -9
C 14/221 (6.3) 14/289 (4.8) 1.5+241 24
D 11/162 (6.8) 11/216 (5.1) 17125 25
entire network* 79/896 (8.8) 89/1571 (5.7) 321141 36

* Significant reduction in Network-wide infection rate after introduction of the protocol (p = 0.0028).

Antibiotic sutures were used by a single HCRN
center. At that center, there were 19 infections (3.8%) in
504 procedures with antibiotic suture and 4 infections
(12.9%) in 31 procedures without antibiotic sutures (p =
0.038). Similarly, BioGlide catheters were only used at
one HCRN center. At that center, there were 41 infections
(8.3%) in 494 procedures with BioGlide compared with
0 infections (0%) in 37 procedures without BioGlide (p
= 0.10).

Several factors showed at least a weak trend (p <
0.2) of association with infection. These were entered
into the logistic regression models. In a model that used
only components of the shunt protocol (and thus patient
positioning, hand-washing technique, and double gloving
were potential factors; Table 4), only the hand-washing
technique emerged as an independent predictor. The odds
ratio of infection after a procedure in which any team
member used antiseptic cream was 4.88 (95% CI 1.46—
16.27; p = 0.01) compared with a procedure in which the
hand-washing technique was performed properly by all
members of the surgical team.

A second model was considered using the above
protocol factors as well as additional nonprotocol fac-
tors showing association with infection (antibiotic-im-
pregnated sutures, BioGlide catheters, preoperative hair
washing, and no-touch surgical technique; Table 5). After
implementing these factors in a stepwise fashion, the use
of BioGlide catheters and the use of an antiseptic cream
by any team member emerged as factors independently
predictive of infection. Specifically, in the multivariable
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model, the odds ratio of infection following a procedure
in which BioGlide was used relative to a procedure with-
out BioGlide was 1.91 (95% CI 1.19-3.05; p = 0.007). In
this same model, the odds ratio of infection if an anti-
septic cream was used by any team member (rather than
a formal scrub) was 4.53 (95% CI 1.43-14.41; p = 0.01).

Discussion

Within the HCRN, application of a standardized pro-
tocol for 1571 CSF shunt surgery procedures reduced the
infection rate from 8.8% to 5.7% (p = 0.0028). These in-
fection rates both before and after institution of the pro-
tocol are similar to those of other reports in the literature.
The effect size (absolute risk reduction of 3.15%, relative
risk reduction of 36%) is important but relatively small
compared with those reported in some infection studies
in the literature. In a randomized single-center study of
antimicrobial versus nonantimicrobial sutures for shunt
surgery, the infection rate was reduced from 21% to 4.3%
with antimicrobial sutures." In another single-center ran-
domized trial,’ antibiotic-impregnated shunt material re-
duced the infection rate from 16.7% to 6%. Both of these
impressive results are at least partly related to an unusu-
ally high infection rate in the control group. A significant
benefit when baseline infection rates are lower, as we de-
scribe here, is less commonly reported, possibly because
of the large sample size required to detect an effect in
this setting.

The preprotocol data were collected from hospital

4.0
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Infections (% per month)

0.0

P
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Fic. 2. Graph comparing mean monthly shunt infection rate before and after protocol implementation. The infection rate before
implementation of the protocol (first 12 months) was 8.8% (dashed line); after implementation, it was 5.7% (solid line; chi-square

=8.93, p =0.0028).
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Quality improvement in shunt surgery

TABLE 4: Individual components of the protocol*

Factor Present Factor Absent
No. of No. of
Variable Procedures Infection %  Procedures Infection % p Value
sign on OR door to minimize traffic 1503 5.66 4 9.76 0.29
patient position of op site away from door 1441 5.97 106 2.83 0.18
antibiotics received before incision 1499 5.74 43 6.98 0.73
hair clipped, not shaved 1533 5.81 10 0 1.00
ChloraPrep applied by or approved by attending physician 1497 5.74 48 6.25 0.75
wait 3 min to allow ChloraPrep to dry 1517 5.60 22 4.55 1.00
proper hand-washing technique by all team members 1515 5.61 20 20.0 0.025
double gloving by all team members 1499 5.60 34 14.71 0.043
loban use 1528 5.76 17 5.88 1.00
vancomycin/gentamicin injection into shunt reservoir 1414 5.80 131 5.34 0.83
dressing 1511 5.82 28 3.57 1.00

* OR = operating room.

quality improvement records, divisional databases, and/or
retrospective chart reviews. From these sources, culture-
proven infections were identified. In the prospectively
collected data on the protocol, the definition of infection
included culture-proven infection, but in addition, shunt
erosion (defined as wound breakdown with visible shunt
hardware) or abdominal pseudocyst (even in the absence
of positive cultures) were counted as infections. The pre-
protocol data therefore may actually underestimate the
infection rate compared with the protocol data.

The observed effect was predominantly from 3 of the
4 participating centers. At the fourth center, the proto-
col had no apparent impact. The only difference between
centers that could be identified among the risk factors
for infection was the use of BioGlide shunt catheters. In
the regression analyses, BioGlide was associated with a
near doubling of the infection risk and was commonly
used at the center with no improvement in infection rate.
BioGlide snap shunt ventricular catheters have since been
recalled from the market for other reasons.”” Continued
observation of the infection rate at that center after the
recall may further clarify the role of BioGlide in shunt
infection.

This study confirmed that the procedure with the
highest risk of infection is shunt insertion after treatment
of an infection; however, our observed infection rate of

TABLE 5: Additional nonprotocol factors

11% in this scenario is substantially lower than the previ-
ously reported rates of 24%'"° and 26%.° This disparity
may indicate that the protocol is particularly effective for
procedures at the highest risk of infection.

To refine the protocol and plan further research, we
analyzed factors present during the time window of the
protocol to see which were associated with infection. The
most important risk factor for infection was the lack of
proper hand-washing technique by any member of the
surgical team. The proper hand-washing technique for
the protocol was a formal surgical scrub with povidone-
iodine or chlorhexidine scrub brushes. All institutions
had an antiseptic cream available to surgeons. The use of
antiseptic cream instead of a formal surgical scrub was a
protocol violation and resulted in a 4.5-fold increase in
the risk of infection.

Compliance with the protocol increased as the study
progressed. The overall compliance of nearly 75% com-
pares favorably with other multistep protocols. In the
WHO surgical checklist study,® compliance with 6 of
19 steps was recorded and full compliance occurred in
34.2% of patients at baseline and rose to 56.7% after im-
plementation of the protocol. A higher rate of compliance
was achieved outside of the operating room environment
in the NACHRI study of central line infections."" In the
pediatric ICU setting, there was an 84% compliance rate

Factor Present Factor Absent
No. of No. of

Variable Procedures  Infections % Procedure Infections %  p Value
BioGlide catheters 494 8.3 1077 4.5 0.002
antibiotic-impregnated sutures 504 3.8 1067 6.6 0.026
antibiotic-impregnated shunts 19 4.2 1451 5.8 0.47
no-touch surgical technique 579 4.5 992 6.4 012
preop patient hair wash w/ chlorhexidine shampoo* 477 3.4 620 74 0.004
* Not included in regression analyses because of the number of procedures with missing data.
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for one of their protocols and 82% for another. In our fu-
ture work, it will be important to refine the protocol to the
smallest number of factors that appear to have an impact
on infection because a shorter, simpler protocol is likely
to have higher compliance.

Our data were partially collected by the centers’
clinical research coordinators and partially by the surgi-
cal team. We did not record the frequency of these two
methods of data collection, but a similar approach was
used in the WHO study,® in which only 37.5% of the data
were collected by trained observers.

Conclusions

The application of a standardized protocol for shunt
surgery across our network has had a number of advan-
tages. We have reduced the Network-wide infection rate
by 36%. Our analysis to identify risk factors suggests that
the use of antiseptic cream and/or BioGlide catheters in-
creases the probability of infection. Our ability to identify
other risk factors may be limited by the high compliance
with individual components of the protocol. The main
conclusion is that standardization of the procedure and
reducing variation by adherence to a common protocol
has reduced our network infection rate. In addition, the
protocol has established a common baseline that will fa-
cilitate assessment of new treatments in the future. This
may be accomplished by a repeated iterative process
changing one thing at a time or by assessing one factor
in a randomized trial format. We now have center- and
surgeon-specific data that will allow the identification of
outliers. Simply providing surgeons with their own data
may improve protocol adherence and further reduce in-
fection rates. Observation of those surgeons with very
low infection rates may allow us to identify factors that
could be added to the protocol in the future.
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“Texas Children’s Hospital, Baylor College of Medicine; Seattle
Children’s Research Institute, University of Washington; ‘(HCRN
Data Coordinating Center, Department of Pediatrics, University
of Utah; "Seattle Children’s Hospital, University of Washington;
Children’s Hospital of Pittsburgh, University of Pittsburgh; °St.
Louis Children’s Hospital, Washington University in St. Louis.
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