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ABSTRACT: Background: Infection related to external ventricular drain (EVD) use is a common neurosurgical complication.
Modified catheters with a hydrophilic surface may impede bacterial adherence and thereby reduce catheter related cerebrospinal fluid
(CSF) infection. Methods: A prospective randomized clinical trial compared the occurrence of CSF infection related to use of either
standard silastic or hydrogel coated EVD catheters (Bioglide®, Medtronic). Enrolment was available to all adult neurosurgery patients
undergoing placement of a first EVD, at three university centers. The catheters were presoaked in a low concentration of bacitracin
solution for 5-10 minutes prior to insertion. Bacterial infection was defined by heavy growth in a single CSF sample or light / medium
growth in two consecutive samples. A secondary analysis was also conducted for “probable” CSF infection, including patients started
on antibiotics after light / medium growth in a single CSF sample. Statistical analyses included Kaplan-Meier survival curve estimates
accompanied by Log Rank and Breslow tests. Results: There were 158 randomized patients available to assess for EVD related infection
of CSF. The two study groups had similar clinical characteristics including average duration of EVD use (8±4 days). Definite CSF
infection occurred in seven and probable infection in another six (8% total). Infection incidence rose steadily from day 2 (1%) to day
11 (11%). There was no difference of daily occurrence of EVD infection between the two catheter types. Conclusions: Infection remains
a common hazard in the use of EVD, and we found no reduction of infection using the hydrogel-coated catheters when presoaked in
low concentration bacitracin solution.

RÉSUMÉ: Taux d’infection des cathéters ventriculaires standards et des cathéters enduits d’hydrogel. Introduction : L’infection reliée à
l’utilisation d’un drain ventriculaire externe (DVE) est une complication neurochirurgicale fréquente. Les cathéters modifiés ayant une surface
hydrophile pourraient prévenir l’adhésion bactérienne et ainsi réduire le risque d’infection du liquide céphalorachidien (LCR). Méthodes : Il s’agit d’une
étude clinique prospective randomisée comparant la fréquence de l’infection du LCR avec l’utilisation de cathéters en silastique standards ou enduits
d’hydrogel (Bioglide“, Medtronic). Tous les patients adultes de trois centres universitaires chez qui l’implantation d’un premier DVE était indiquée
pouvaient participer à l’étude. Les cathéters étaient trempés dans une solution de bacitracine pendant 5 à 10 minutes avant l’insertion. L’infection
bactérienne était définie comme une croissance bactérienne importante à la culture d’un seul échantillon de LCR ou une croissance légère ou modérée
à la culture de deux échantillons consécutifs. Une analyse secondaire a également porté sur des cas probables d’infection du LCR, dont les patients ayant
reçu des antibiotiques après une croissance légère ou modérée d’un échantillon unique de LCR. Les analyses statistiques utilisées incluaient l’estimation
de la courbe de survie de Kaplan-Meier et les tests du log-rank et de Breslow. Résultats : Cent cinquante-huit patients ont été randomisés. Les deux
groupes de patients avaient des caractéristiques cliniques similaires dont une durée moyenne d’implantation du DVE de 8 ± 4 jours. Une infection
certaine a été diagnostiquée chez 7 patients et une infection probable chez 6 patients, soit chez 8% au total. L’incidence de l’infection augmentait
progressivement du jour 2 (1%) au jour 11 (11%). Il n’existait pas de différence quotidienne entre les deux types de cathéters. Conclusions : L’infection
demeure une complication fréquente de l’utilisation d’un DVE et nous n’avons pas constaté de diminution du nombre d’infections avec la mise en place
d’un cathéter enduit d’hydrogel après pré-trempage dans une solution à faible concentration de bacitracine.
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External ventricular drains (EVD) are widely incorporated
into management protocols for a variety of pathologies involving
the central nervous system, primarily as a means to monitor and
treat abnormal elevations of intracranial pressure (ICP).
Common indications for EVD use are for patients with severe
head injury and aneurysmal subarachnoid hemorrhage (SAH), as
well as spontaneous intracerebral hemorrhage, stroke, and
postoperative ICP monitoring. The reported incidence of EVDrelated cerebrospinal fluid (CSF) infections within the first two
weeks of insertion varies between 0% and 27%.1-20 This risk rises
dramatically after the fourth day, but only 30% of EVD are
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removed prior to that time.1 By the tenth day, the infection risk is
21-100%.1,7,8,21 While such infections are often asymptomatic,
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treatment is initiated to prevent infectious complications like
meningitis, brain abscess, subdural empyema, and craniotomy
infection.8,9,22 Standard practice at many centers is to test CSF
samples from the EVD either daily or every other day, for
evidence of catheter-related bacterial infection or colonization. If
detected, a course of antibiotic therapy is initiated and the
catheter is removed.23 A new EVD must then be inserted with the
associated risk of intracranial hemorrhage,9-11,17 or the patient is
left without potential benefits of ICP monitoring and CSF
drainage.
The source of EVD related infection has been attributed to
bacterial contamination of the catheter at the time of its
insertion.7 A hydrogel-coated EVD was developed to resist
bacterial cell attachment and growth (Bioglide®, Medtronic). The
surface of these catheters have strong hydrophilic properties that
maintain a thin aqueous surface layer after a brief period of
soaking. This “water shield” impedes bacterial adherence24 and
is also more resistant of blood clot adherence compared to
standard EVD catheters.25 The hydrogel-coated catheters may
also be soaked in antibiotic solution that may adhere to the
catheter surface. While such hydrogel-coated EVD are
commercially available, there have been no previous studies to
assess their clinical effectiveness compared to standard EVD
catheters. We report a prospective randomized clinical study
examining the daily occurrence of EVD-related CSF infections
associated with the use of standard versus hydrogel-coated
catheters.
METHODS
The two-group, randomized clinical trial was designed to
compare infection rates related to two types of EVD catheters.
The study was conducted at three university based neurosurgical
centers, where approval was granted by the respective
institutional ethics and scientific review boards. Study enrolment
was open to all adult patients undergoing a first EVD placement,
without suspicion of existing CSF infection or open head injury.
Informed consent was obtained from alert and competent
patients or designated surrogates. Patients were randomly
designated to receive either a 35 cm hydrogel-coated EVD
(Bioglide®, Medtronic), or comparable 35 cm standard silastic
EVD catheter. Although the catheters have recognizable
appearances, the laboratory personnel analyzing CSF samples
were blinded to catheter type.
Protocol required EVD to be presoaked (internally and
externally) with Bacitracin antibiotic solution (2000 units/ml) for
five minutes prior to insertion. Standard EVD insertion
techniques were used, either via twist drill craniostomy, bur hole,
or concurrent craniotomy opening. All catheters were tunneled
subcutaneously, and attached to standard closed ICP
monitoring/CSF drainage systems. Prophylactic intravenous
antibiotics were not prescribed in the study protocol, although all
antibiotic use was recorded.
Details of presenting diagnosis and insertion technique were
recorded by the operating neurosurgeon. The CSF was sampled
immediately following EVD insertion and daily thereafter, for
routine studies including bacterial culture and sensitivity. An
EVD related bacterial infection was defined as heavy growth
(>100 colony forming units / 0.1 ml) on a single CSF sample, or
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light / medium growth (<100 colony forming units / 0.1 ml) on
two or more consecutive cultures of CSF obtained from the
EVD.26 A secondary analysis was also conducted for “probable”
CSF infection, which included patients who were started on
antibiotics after light / medium growth in a single CSF sample.
The occurrence of EVD related infections was recorded only
for patients with catheters used for at least 48 hours, as per the
Centre for Disease Control (CDC) standard, which requires a
device to be in-situ for greater than 48 hours in order for an
infection to be considered as device-related.27 Positive CSF
cultures were not attributed to EVD related infection in patients
with concurrent bacteriemia / septicemia caused by the identical
bacteria, as these likely represent systemic infection rather than
primary EVD related infection. However, this did not occur in
the series.
The two study groups were compared for differences in
composition using independent t-tests for continuous variables
and chi-square analysis with Fisher Exact Test for categorical
variables. Confidence was set at 0.05 using two sided tests.
Group infection rates were compared using Kaplan-Meier curve
estimates and Log Rank and Breslow tests. Potential
confounding variables, such as diagnostic category and
concurrent intravenous antibiotic use, were assessed in the two
study groups using the Cox proportional hazards model.
The projected sample size was based on data from other
studies examining the influence of catheter surface modification
on infection incidence.28-32 Although no randomized control trial
of surface modified EVD had been previously undertaken, an
intravascular catheter trial had shown a significant reduction of
infection (2% vs 14%, P<0.004).30 In the present study, we
anticipated a daily EVD infection rate of approximately 0% in
the first three days, 4% in the first week, and 1% daily thereafter
up to 20 days. Power calculations assumed daily hazard
reduction of 60% with the BioGlide catheter, and a censoring
risk of 0.05 of premature withdrawal from the study. Using
asymptotic likelihood methods and Monte Carlo simulation, a
sample size of 115 per group was determined to provide 0.80
power.
RESULTS
A total of 227 patients were randomized to either study group.
Protocol violations were identified in 28, including open head
injury or pre-existing infection (9), age of less than eighteen
years (2), insertion failures with the first catheter (4), and
incomplete laboratory data (13). The number of postrandomization exclusions were equally represented in the two
study groups (Table 1). Another 41 had EVD use for durations of
less than 48 hours, for reasons including death (16), EVD
malfunction (10), elapsed indication for use (11) and other nonspecified reasons (4). Amongst all randomized patients (both
those excluded and included from infection analyses), catheter
malfunction or obstruction occurred in 27 patients (5.2%), with
no significant difference between the standard (15) and
hydrogel-coated (12) catheters.
The comparison of EVD-related infections was therefore
based on 158 patients. The standard and hydrogel-coated
catheter groups had similar presenting diagnoses (Table 2).
There was a 3:2 male predominance, and mean patient age was
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Table 1: Patients Excluded from Infection Analyses
Reason for Exclusion
Standard Hydrogel Total
Open Head Injury/Pre-existing Infection
5
4
9
Age < 18 Years
1
1
2
Insertion Failure on First Attempt
2
2
4
Incomplete Lab Data
8
5
13
________________________________________________________
Duration of use < 48 Hours
(20)
(21)
(41)
Due to Death
8
8
16
EVD Malfunction
6
4
10
Elapsed Indication
5
6
11
Other Early Removal
1
3
4
________________________________________________________
36
33
69

Table 2: Diagnoses of Qualified Subjects
Diagnosis
Closed Head Injury
Aneurysmal SAH
Intracerebral Hemorrhage
Tumor / AVM
Ischemic Stroke
Total

Standard
33
26
15
3
0
78

Hydrogel
Total
29
62 (39%)
35
61 (39%)
11
26 (17%)
4
7 (4%)
2
2 (1%)
80
158 (100%)

SAH - subarachnoid hemorrhage
AVM - arteriovenous malformation

Table 3: Organism Occurrence in CSF EVD-Related
Infections
Organism Species

Definite
Infections
Coagulase Negative Staphylococcus 4
Staphylococcus aureus
2
Klebsiella oxytoca
1
Coryneform bacilli
0
Escherichia coli
0
Total
7

Probable
Total
Infections Infections
1
5
2
4
0
1
2
2
1
1
6
13

Figure: Graph demonstrating Kaplan-Meier cumulative curves for
proportion of patients free of external ventricular drain (EVD) related
CSF infection. A number of patients with standard or hydrogel coated
catheters that were at risk of infection at 5 day intervals are shown
below the figure. There was no statistical difference between the two
catheter types in duration of placement in days to onset of infection.
Solid line represents standard catheters; the dotted line represents
hydrogel-coated catheters.

of Kaplan-Meier curve estimates indicated no statistical
difference between the two catheter types in duration to onset of
definite infection (Log Rank=0.55, p>0.46; Breslow=0.31,
p>0.58), and no differential risk for cumulative hazard function
for the two catheter types. Similar results were found when
examining all patients with definite or probable CSF infection
(Log Rank=0.01, p>0.91; Breslow=0.05, p>0.83). No
relationship was found between the frequency of observed CSF
infection and presenting diagnosis or other presenting
characteristics. A Cox regression procedure (backwards
stepwise) was also used to examine risk of infection adjusted for
pre- or postoperative antibiotic use, and no significant difference
between the two catheter types was found (p > 0.24).
DISCUSSION

51±18 years. The duration of EVD use ranged from two to 22
days (8±4 days), with no significant differences between the two
study groups.
Definite EVD related CSF infection occurred in seven
patients (4.4%), and another six patients (3.8%) developed
probable infections. This produced a total of 13 observed
infections, with seven occurring in standard catheters and six
occurring in BioGlide catheters, for an overall infection rate of
8.2% (Figure). Specific infectious organisms and observed
occurrence are listed in Table 3. There was a steady increase of
infection incidence between days 2 (1%) and 11 (11%). Analysis

External ventricular drain-related infections continue to
adversely impact the management of patients with severe head
injury, aneurysmal SAH, and other intracranial pathologies.
While these devices have been shown to provide valuable
monitoring and therapeutic options that are associated with
improved clinical outcome, their use is often limited by the
presence or threat of catheter-related CSF infection. The
incidence of EVD related infection may be reduced with
measures that include tunneling catheters subcutaneously from
the insertion site, the use of closed drainage systems rather than
open manometer systems, and restriction of system
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manipulations such as flushing and disconnection. 33 Some
neurosurgeons replace the EVD every five to seven days,1,2,8
although there is no evidence that this practice reduces the
infection rate. 26,34-36 The use of prophylactic intravenous
antibiotics to prevent infection has also been controversial.
Several studies have found a reduced infection rate with their
use.16,18,19,21 However, others have reported no benefit,33,37-39
perhaps because the infecting bacteria gain intracranial access at
the time of catheter insertion, and then grow upon a favorable
catheter surface with little immunological threat within the
central nervous system. 7
The characteristics of the hydrogel-coated EVD catheters
have been shown to impair bacterial adherence and surface
growth.24 It was hypothesized that their use would be associated
with a reduced incidence of EVD-related bacterial infections.
However, the results of this study did not demonstrate a
difference in daily occurrence or total number of infections
related to standard versus hydrogel-coated catheters. While our
sample size did fall below the number projected in power
calculations, there was no trend toward infection reduction.
Conversely, a recent trial demonstrated reduced incidence of
EVD-related infections associated with the use of an antibiotic
impregnated catheter. 40 Among 288 randomized patients,
positive CSF cultures were seven times more frequent in the
control versus study groups (1.3% vs 9.4%, p = 0.002).
The hydrogel-coated EVD catheter may absorb antibiotic
during presoaking, and our protocol included the commonly
prescribed operating room practice of presoaking catheters in a
dilute bacitracin solution (2000 units/ml). However, this was not
expected to provide a high concentration of surface antibiotic.
While various catheter-related infections have been effectively
reduced in clinical and experimental studies using other
techniques of antibiotic coating,41-43 there was no approval to
apply this to EVD catheters at the time of this study. We were
therefore unable to test the potential antibacterial effectiveness of
hydrogel-coated catheters presoaked in high concentration of
antibiotic solution.
Our study has again found a significant incidence of EVD
related CSF infections, although failed to demonstrate any
reduction associated with the use of a hydrogel-coated catheter
presoaked in low concentration bacitracin solution. Recent
approvals for antibiotic coating of EVD catheters may afford the
opportunity to assess the effectiveness of presoaking such
surface-modified EVD catheters in higher concentrations of
appropriate antibiotics.
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