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Efficacy of silver-bearing external ventricular drainage
catheters: a retrospective analysis
Clinical article
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Department of Neurosurgery, Johann Wolfgang Goethe University, Frankfurt am Main, Germany
Object. Catheter-related infection of CSF is a potentially life-threatening complication of external ventricular
drainage (EVD). When using EVD catheters, contact between the ventricular system and skin surface occurs and
CSF infection is possible. The aim of this analysis was to compare the efficacy of silver-bearing EVD catheters for
reducing the incidence of infection with standard nonimpregnated EVD catheters in neurosurgical patients with acute
hydrocephalus.
Methods. Two hundred thirty-one consecutive patients were retrospectively reviewed. Of these, 164 were enrolled in the final analysis. Six patient charts were incomplete or missing, 15 patients were excluded because of
catheter insertion within the previous 30 days, 6 because of a suspected CSF infection before ventriculostomy, 7
because the catheter was removed < 24 hours after insertion, and 33 patients because of the requirement of bilateral
ventriculostomy. The control group with standard nonimpregnated EVD catheters consisted of 90 patients. The study
group with silver-bearing EVDs consisted of 74 patients. For assessing the primary outcome, the authors recorded
all CSF samples and liquor cell counts routinely obtained in sterile fashion. After removal of the catheters, they also
reviewed microbiology reports of the removed catheters to assess colonization of the catheter tips.
Results. The occurrence of a positive CSF culture, colonization of the catheter tip, or liquor pleocytosis (white
blood cell count > 4/µl) was ~ 2 times less in the study group with silver-bearing EVD catheters than that in the control group (18.9% compared with 33.7%, p = 0.04). Positive CSF cultures alone occurred 2 times less frequently for
microorganisms in the study group (2.7% compared with 4.7%, p = 0.55). Silver-bearing catheters were 4 times less
likely to become colonized as nonimpregnated EVDs (1.4% compared with 5.8%, p = 0.14). Liquor pleocytosis was
half as likely in the study group (17.6% compared with 30.2%, p = 0.06).
Conclusions. Although of limited sample size and thus underpowered for subgroup analysis, this analysis indicates that EVD catheters impregnated with silver nanoparticles and an insoluble silver salt may reduce the risk of
catheter-related infections in neurosurgical patients. (DOI: 10.3171/2009.8.JNS091297)
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n neurosurgery, EVD catheters are frequently used
for the treatment of acute hydrocephalus in patients
with subarachnoid hemorrhage, tumor, intracerebral
hemorrhage, and in cases in which the CSF pressure is
high. The EVD catheters are important for monitoring
ICP and draining CSF. When using external drains, contact between the liquor system and skin surface is present. Bacterial colonization along the catheter surface and
subsequent CRIs of the CSF are thus a major problem and
a common complication in neurosurgical patients. Due to
the possibility of infection occurring when microorganisms colonize along the catheter surface, attempts have
been made to prevent infection along the catheter track
with antibiotic-impregnated catheters. Recently, these

Abbreviations used in this paper: CRI = catheter-related infection;
EVD = external ventricular drainage; ICP = intracranial pressure.
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catheters were introduced in a clinical trial.41 Although the
catheters examined in this analysis showed a significant
reduction in CRIs, use of antibiotic-impregnated devices
has been discussed in regard to concerns over bacterial
multiresistance.5,9,13,25 Using the same antibiotic agents
for prophylaxis of CRI, which are also used for treatment of ventriculomeningitis and encephalitis, is controversial. In cases of bacterial resistance, these antibiotics
cannot be used for systemic treatment anymore. A new
alternative could be using catheters impregnated with silver nanoparticles and an insoluble silver salt. These can
decrease CRIs.6,12,21,31 Other studies have shown a reduction in colonization on the catheter surface; however, the
reduction was not significant.4,17
Recent results from studies with central venous line
catheters and in vitro studies with EVD catheters made
it interesting to objectify the usefulness of silver-bearing external ventricular drains in neurosurgical patients.
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Therefore, we conducted a retrospective clinical analysis
to compare the efficacy of silver-bearing EVD catheters
for preventing CRI with that of standard (no coating or
surface treatment) control catheters that were used before
the introduction of the silver-bearing catheters in our institution.

Methods

This analysis was performed at the Department of
Neurosurgery, Academic Medical Center of the Johann
Wolfgang Goethe University, Frankfurt am Main, Germany. All patients admitted to the Department of Neurosurgery requiring placement of an EVD catheter who
were 16 years of age or older were eligible for the study.
Exclusion criteria included pregnancy, known or suspected infection of CSF, requirement for the placement of
more than 1 EVD catheter, untreated uncorrected coagulopathy, and EVD catheter removal after < 24 hours.
Patient Characteristics

Between June 2003 and December 2005, 231 patients
were retrospectively assessed through a review of hospital
charts and databases. The catheter type used was documented in the surgery protocols. Silver-impregnated catheters were first used at the end of July 2004, when our department entirely switched to the silver-coated catheters.
The period between June 2004 and September 2004 was
deliberately excluded due to overlapping use between the
2 catheter types. Of these 231 patients, 164 were enrolled
in final analysis. Six patients’ charts were incomplete or
missing, 15 patients were excluded because of catheter
insertion within the previous 30 days, 6 because of a suspected CSF infection, 7 because the catheter was removed
< 24 hours after insertion, and 33 patients because of the
requirement of bilateral ventriculostomy.
From the 164 patients enrolled in the final analysis,
74 patients in the study group received the new silverbearing EVD catheter, and 90 patients in the control
group received uncoated standard catheters (no silver or
antibiotic coating). In the Wilcoxon rank-sum test, the 2
groups had no statistically significant differences with respect to all clinical characteristics, including patient sex,
age, reason for catheter placement, and the duration of
time the catheter remained in place (Table 1).

Patient Group

Patients were divided into 2 groups after reviewing
surgery protocols for the EVD catheters. The historical
control group had standard nonimpregnated EVD catheters. In the study group a silver-bearing EVD catheter
(Silverline-catheter; Spiegelberg GmbH & Co. KG) was
used. These catheters are impregnated with 2% of nanoparticles of silver and an insoluble silver salt. Patients
were divided into groups after they had met all inclusion
and exclusion criteria.

Insertion and Maintenance of Catheters

Placement of all catheters was performed under sterile conditions in the operating room using a standard protocol for EVD insertion. Skin preparation was done im-
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TABLE 1: Characteristics in 164 patients undergoing EVD*
Characteristic

Study Group

Control Group

no. of patients

74

90

male patients (%)

43.2

55.6

mean age (yrs)

52.0

54.7

no longer needed

51

63

lumbar drainage used

11

10

changed hospital†

8

6

patient died

8

5

inadvertent catheter removal

5

3

change to VPS

7

0

dysfunction

5

2

infection

1

3

reason for catheter removal (%)

0

1

glucocorticoid administration (%)

changed in new op

53

53

antibiotic administration (%)

69

67

mean no. of days w/ catheter in place

10.2 ± 5.4

9.8 ± 4.8

reason for catheter placement (%)
SAH

46

38

tumor

35

35

ICH

12

16

other

7

11

* ICH = intracerebral hemorrhage; SAH = subarachnoid hemorrhage;
VPS = ventriculoperitoneal shunt. There was no significant difference
between the 2 groups (p = 0.86).
† These patients were transferred to another hospital. However, for
statistical analysis, they were considered as if their drains had been
removed.

mediately before surgery in the operating room. Insertion
and tunneling was done in typical fashion 1 cm in front of
the coronary suture in the midpupillary line. During surgery every patient received a 2-g cefuroxime single-shot
antibiotic; in addition irrigation of gentamicin (160 mg in
1000 ml of irrigation solution) was used in all procedures.
Identical protocols were used for both catheter types.
Additionally, we reviewed and documented information
about the reason for implantation, insertion location, administration of antibiotics and glucocorticoids, duration
of catheter placement, and reason for removal. Catheters
were inspected daily by the attending physicians during
routine dressing changes for evidence of infection at the
insertion site. Additionally, in cases of patient care, the
wound site was inspected by nursing staff. Any evidence
of local wound infection was documented in the patient’s
chart.
Infection Parameters and CSF Samples

Samples were routinely obtained 3 times a week, that
is, every Monday, Wednesday, and Friday in all neuroJ Neurosurg / September 18, 2009
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intensive care patients who had an external drain. For
proof of microorganisms, we reviewed all microbiological reports of CSF samples and catheter tips sent to the
microbiological institute of the University Medical Center, which uses standard methods to isolate and identify
microorganisms. We also recorded all routine counts of
CSF cells and glucose as well as protein levels from liquor samples taken.
We analyzed CSF cultures, colonization of microorganisms on the catheter tip (both defined as positive plate
cultures), and raised liquor parameters (increased CSF
cell count > 4/µl, as well as decreased liquor glucose levels < 55 mg/dl and increased CSF protein > 550 mg/dl).
The primary end point of this analysis was a combined end point of infection, which was defined by the
occurrence of positive CSF cultures or a colonization of
the catheter tip with microorganisms or raised liquor cell
counts > 4 cells/µl. This enabled us to analyze the main
question about the efficacy of the silver-bearing catheter
with sufficient statistical power; however, our sample size
was too small for subgroup analysis.
Data Management and Statistical Analysis

For reviewing data from the patient charts, surgery
protocols, microbiological reports, and CSF cell reports,
we used standardized data forms. We looked for clinical signs of ventriculitis or meningitis but did not include
these in the analysis because they are inaccurate for the
definition of a CRI.2,11 The illustration and analysis of
data were performed using SPSS (SPSS, Inc.) and Excel
(Microsoft Corp.). Significance was defined as p < 0.05.
For frequency of a positive CSF culture, catheter tip colonization, and CSF cell counts, we used a chi-square test
and analyzed these parameters in a Kaplan-Meier curve
with a Mantel-Cox log-rank test in correlation to duration
of catheter placement.

Results
Cerebrospinal Fluid Infection Parameters

In 86 control patients, 29 (33.7%) had either a positive CSF culture, colonization of the catheter tip, or raised
CSF cell levels > 4/µl. In contrast to the control group, 14
(18.9%) of 74 patients with silver-bearing EVD catheters
in the study group had positive infection parameters. In
the primary outcome there was a statistically significant
difference for both groups (p = 0.04, chi-square test). In
relation to the length of time the catheter remained in
place, we compared the 2 groups by using Kaplan-Meier
curves (Fig. 1). The risk of positive findings was significantly less in patients who had received a silver-bearing
EVD catheter (p = 0.008 [entire review period]; when
subdivided into time intervals, p = 0.05 [Days 1–14], p =
0.46 [Days 1–7], p = 0.12 [Days 7–14], and p = 0.10 [Day
14 and later]; Mantel-Cox log-rank test [Fig. 1]).
Microorganisms Isolated in CSF Samples and Catheter
Tips

The CSF cultures positive for bacteria were documented in 6 patients in both groups. In the isolated ex-
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Fig. 1. Graph demonstrating Kaplan-Meier cumulative curves for the
proportion of patients positive for the primary end point of positive CSF
cultures, colonization of catheter tips, or increased CSF cell counts.
Catheters were assessed as missing when the duration of catheter
placement was not exactly defined (10 in the study group and 11 in the
control group). The numbers of patients who were at risk for positive
infection parameters with standard or silver-bearing EVD catheters is
shown below the figure. There was a statistically significant difference
between the 2 catheter types in duration of placement in days to onset
of positive infection parameters (entire review period, p = 0.008; MantelCox log-rank test). The solid line represents standard nonimpregnated
catheters; the dotted line represents silver-bearing EVD catheters.

amination of CSF cultures, 2 (2.7%) of 74 patients in the
study group with silver-bearing EVD catheters compared
with 4 (4.7%) of 86 in the control group were positive for
bacteria. This was statistically insignificant (p = 0.55, chisquare test). Colonization of the catheter tip was found in
6 patients. Silver-bearing catheter tips were less colonized
than standard nonimpregnated catheters, but the difference was not significant (p = 0.14, chi-square test). There
was 1 colonized catheter tip (1.35%) in the study group
and 5 (5.81%) in the control group. Altogether, 2 (2.7%) of
74 patients in the study group and 8 (9.3%) of 86 patients
who had either CSF cultures or catheter tips tested positive
for microorganisms (p = 0.08, chi-square test). The organisms that were isolated from the CSF cultures or catheter
tips are listed in Table 2. We also compared the groups in
relation to the duration of time the catheter remained in
place in Kaplan-Meier curves (Fig. 2). There was a trend
toward lower rates of isolated microorganisms either in
CSF samples or at the catheter tips in patients with silverbearing EVD catheters (p = 0.12 [entire review period];
subdivided into time intervals, p = 0.06 [Days 1–14], p =
0.18 [Days 1–7], p = 0.06 [Days 7–14], p = 0.79 [Day 14
and later]; Mantel-Cox log-rank test [Fig. 2]).
Increased CSF Cell Counts

There was a trend with regard to the difference in
CSF cell counts in both groups (p = 0.06, chi-square test).
3
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TABLE 2: Microorganisms isolated from CSF cultures and
catheter tips*
No. of Patients
Bacterial species
coagulase-negative Staphylococcus spp
EVD tip
CSF culture
hemolytic Staphylococcus spp
EVD tip
CSF culture
Enterobacter cloacae & Serratia marcescens
EVD tip
CSF culture
Enterococcus faecalis
EVD tip
CSF culture
Salmonella enteritidis
EVD tip
CSF culture
Stenotrephomonas maltophilia
EVD tip
CSF culture

Control
Group

Study
Group

2
3

1
0

0
0

0
1

0
0

0
1

1
1

0
0

1
0

0
0

1
0

0
0

* Positive cultures of EVD tips or CSF can overlap with each other.

Increased CSF cell counts were found in 65 CSF samples.
Of the 74 patients in the study group, we found 13 (17.6%)
with CSF cell counts > 4/µl. In the control group with
standard nonimpregnated EVD catheters, 26 (30.2%) of
86 patients had raised CSF cell counts.

Discussion

In neurosurgery, temporary external drains and permanent internal CSF shunts are frequent devices for the
treatment of increased ICP and monitoring of ICP. When
using EVDs, in which direct contact between the ventricular system and the skin surface is present, ventriculitis or
meningitis is a common complication.
Definition of CRI

The problem in several studies that have analyzed
the incidence of CRIs is the definition of a CRI. There
are some different terms. Several authors have used 3
different starting points for defining and describing the
incidence of CRIs. At first many authors define infection
as a positive CSF culture.16,18,21,24,29,38,41 In addition to cultures of CSF samples taken from the drain system or via
lumbar puncture, bacterial colonization of the catheter tip
(even when not used for the definition of CRI) is often incorporated into clinical studies.19,21,35,37,41 In the absence of
positive cultures, some researchers have accepted raised
liquor cell counts as evidence of CSF infection.16,23,28,29
Clinical signs of ventriculitis or meningitis have no importance in describing the incidence of CRI.
4

Fig. 2. Graph demonstrating Kaplan-Meier cumulative curves for the
proportion of patients in whom the results were positive for microorganisms either in CSF cultures or catheter tips. Catheters were assessed
as missing when the duration of catheter placement was not exactly
defined (10 in the study group and 13 in the control group). The numbers
of patients who were at risk for positive CSF cultures and colonized
catheter tips is shown below the figure. There was a trend to lower rates
of isolated microorganisms in patients with silver-bearing EVD catheters; however it was not significant (p = 0.12 [entire review period]; p
= 0.06 [Days 1–14], p = 0.18 [Days 1–7], p = 0.06 [Days 7–14], p = 0.79
[Day 14 and later]; Mantel-Cox log-rank test). The solid line represents
standard nonimpregnated catheters; the dotted line represents silverbearing EVD catheters.

Incidence of CRI

The reported incidence of CRI in the literature is be
tween 0 and 27.0%.10,15,20,23,24,26,28,32,36,39–41 Different and
variable definitions for CRIs are the reason for the breadth
of incidences. In a recent meta-analysis of 23 studies, the
reported cumulative rate of positive CRI was ~ 8.80% per
patient. That is close to the median of 9% reviewed in the
literature (Table 3).

Alternatives to Reduce CRI Incidence

With respect to the risk of CRI, researchers have
tried different types of antimicrobial-impregnated catheters to lower infection rates in comparison with standard
nonimpregnated catheters. One opportunity is the widespread use of antibiotics, whether for prophylactic use or
with antibiotic-impregnated EVD catheters. The majority
of studies demonstrated that the use of prophylactic antibiotics has no better outcome than their perioperative
use.1,3,7,30 However, EVD catheters impregnated with an
antibiotic combination showed significantly lower infection rates.41 Nevertheless, there are some caveats against
this technology. The antibiotic spectrum is too small for
multiresistant microorganisms.14 Another problem is that
antibiotics administered for the prophylactic decrease
of infection rates cannot be used for therapy because of
J Neurosurg / September 18, 2009
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the risk of bacterial resistance against these antibiotics.
Some studies still reported the existence of multiresistant organisms caused by antibiotic-impregnated catheter
surfaces.5,9,13 Another study investigated catheters with
a hydrophilic surface (hydrogel-coated catheters).18 The
authors found no reduction in infection rates when using
hydrogel-coated catheters.
Silver-Bearing Catheters in Recent Studies

As with EVD catheters, infection in central venous
line catheters is also a common complication. One important fact is that infection is also caused by bacterial
contamination along the catheter track, so it is interesting to discuss the results of silver-bearing central venous
line catheters. The current literature for these catheters is
controversial. Some studies have revealed a significant reduction in infection rates (in cases of central venous line
catheters, especially bacteremia and sepsis) and colonization of silver-bearing catheters.6,31 Conversely, a large
prospective randomized controlled multicenter trial in
2007 showed no significant decrease in CRIs.17 However,
this analysis and another trial performed in 1999 revealed
lower infection rates and less colonization of central venous line catheters even when not significant.4,17 It is important to note that results of central venous line catheters
are not simply transferable to EVD catheters. A recent
pilot study recording 20 retrospective and 19 prospective
patients with silver-bearing EVD catheters demonstrated
significant reduction of culture-positive CRIs.21 In another
in vitro study a decreased bacterial growth for Staphylococcus aureus could be observed in silver-bearing EVD
catheters.12
Present Analysis

In our analysis, silver-bearing EVD catheters showed
a significant decrease in positive CSF cultures, colonization of the catheter tips, or liquor pleocytosis > 4/µl (p =
0.04, chi-square test). In regard to other parameters we
found a reduction in relative risk of 43–76% but no statistical significance, which indicates that the study is underpowered to fully explore all possible associations. We
could find no statistically significant decrease, but there
were fewer positive CSF cultures in silver-bearing EVD
catheters (2.7% compared with 4.7%, p = 0.55). They
were 4 times less likely to become colonized compared
with standard nonimpregnated EVD catheters (1.4%
compared with 5.8%, p = 0.14). It has to be noted that an
infection incidence of 2.7% compared with 4.7% in the
control group is basically quite low versus general infection rates of 9% (Table 3). The use of established protocols for insertion and care of EVD catheters has yielded
very low infection rates.8 In addition to new catheter technologies, this should be stringently continued. However,
in summary, there is a strong trend to fewer microorganisms in CSF fluid and on catheter tips, especially during
the 2nd week of catheter placement (p = 0.06 [Days 1–14]
and p = 0.06 [Days 7–14], log-rank test; Fig. 2). Therefore
and importantly, the focus is on this time period for the
majority of the catheters reviewed in this analysis; this
also represents the decisive time period for CRIs as deJ Neurosurg / September 18, 2009

TABLE 3: Results of a review of current literature for CRI
incidence
Authors & Year

No. of Patients

Wong et al., 2002*

Infection Rate (%)

52

3.8

Lozier et al., 2002*†

5261

8.8

Zabramski et al.,2003*†

2364

8.9

97

14.4

109

8.1

Schade et al., 2005
Yilmazlar et al., 2005
Ortiz & Lee, 2006

no exact no.

Hoefnagel et al., 2008*

228

median infection incidence

8.0
23.2
9

* In these studies, infection was defined as a positive CSF culture
alone.
† Studies with literature review of CRI incidence.

scribed in the literature.3,15,23,24,30,33 Catheter placement
lasting > 3 weeks results in such high infection rates27
that even antimicrobial EVD catheters may not prevent
CRIs. Furthermore, comparative data for this period are
rare. Finally, raised liquor cell counts were ~ 2 times less
likely in silver-bearing EVD catheters (17.6% compared
with 30.2%, p = 0.06). This is an important parameter for
early diagnosis of a CRI.28
Study Limitations

As in every retrospective analysis, we must note that
the review of patient data has some limitations. For example, the retrospective collection of data might have
introduced a selection bias. However, we generally reviewed all data in patients who were treated with EVD
in the observation period. Furthermore, the patient collective shows no statistically significant differences with
respect to all parameters listed in Table 1. All parameters
are evenly spread in both groups; importantly, the administration of antibiotics and glucocorticoids is almost identical in the study and control groups.

Safety of Silver-Bearing External Ventricular Drains

A potential disadvantage of silver-bearing EVD catheters is the possibility of producing silver-resistant microorganisms, which has been described by Schwotzer.34
In in vitro trials, resistant Escherichia coli has been encountered.22 However, in contrast to antibiotics, silver is
not used for treatment of infections. Concerns regarding
the safety of silver-impregnated catheters due to toxic
concentrations in brain tissue have already been examined.12 A review of the literature suggested that the use of
silver-bearing catheters is safe. Using exact investigation
methods, the concentration of silver ions was far below
accepted levels.12

Conclusions

With respect to the fact that EVD catheters can be a
path for microorganisms along the catheter surface, the
5
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use of silver-bearing catheters as a local infection barrier
may be a safe and effective way to reduce the incidence of
CSF infections. It will be interesting to see the results of
greater prospective multicenter studies examining silverbearing EVD catheters.
Disclaimer
The authors report no conflict of interest concerning the materials or methods used in this analysis or findings specified in this
paper.
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