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In 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, con-
tact between the liquor system and skin surface is pres-
ent. 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 microorgan-
isms colonize along the catheter surface, attempts have 
been made to prevent infection along the catheter track 
with antibiotic-impregnated catheters. Recently, these 

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 treat-
ment of ventriculomeningitis and encephalitis, is contro-
versial. In cases of bacterial resistance, these antibiotics 
cannot be used for systemic treatment anymore. A new 
alternative could be using catheters impregnated with sil-
ver nanoparticles and an insoluble silver salt. These can 
decrease CRIs.6,12,21,31 Other studies have shown a reduc-
tion 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-bear-
ing external ventricular drains in neurosurgical patients. 
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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 en-
rolled 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 con-
trol 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 in-
dicates 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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Abbreviations used in this paper: CRI = catheter-related infection; 
EVD = external ventricular drainage; ICP = intracranial pressure. 
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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 in-
stitution.

Methods
This analysis was performed at the Department of 

Neurosurgery, Academic Medical Center of the Johann 
Wolfgang Goethe University, Frankfurt am Main, Ger-
many. All patients admitted to the Department of Neu-
rosurgery 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 sus-
pected infection of CSF, requirement for the placement of 
more than 1 EVD catheter, untreated uncorrected coagul-
opathy, 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 docu-
mented in the surgery protocols. Silver-impregnated cath-
eters were first used at the end of July 2004, when our de-
partment 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 sus-
pected 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 silver-
bearing 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 re-
spect 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 cath-
eters. In the study group a silver-bearing EVD catheter 
(Silverline-catheter; Spiegelberg GmbH & Co. KG) was 
used. These catheters are impregnated with 2% of nano-
particles 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 ster-

ile conditions in the operating room using a standard pro-
tocol for EVD insertion. Skin preparation was done im-

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 sur-
gery 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, ad-
ministration 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 neuro-

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
reason for catheter removal (%)
 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
 changed in new op   0   1
glucocorticoid administration (%) 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.
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intensive care patients who had an external drain. For 
proof of microorganisms, we reviewed all microbiologi-
cal reports of CSF samples and catheter tips sent to the 
microbiological institute of the University Medical Cen-
ter, 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 li-
quor samples taken.

We analyzed CSF cultures, colonization of microor-
ganisms 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 lev-
els < 55 mg/dl and increased CSF protein > 550 mg/dl).

The primary end point of this analysis was a com-
bined 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 clini-
cal 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 colo-
nization, 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 posi-
tive 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 signifi-
cantly 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 docu-
mented in 6 patients in both groups. In the isolated ex-

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, chi-
square test). Colonization of the catheter tip was found in 
6 patients. Silver-bearing catheter tips were less colonized 
than standard nonimpregnated catheters, but the differ-
ence 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 organ-
isms 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 silver-
bearing 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). 

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; Mantel-
Cox log-rank test). The solid line represents standard nonimpregnated 
catheters; the dotted line represents silver-bearing EVD catheters.



J. Fichtner et al.

4                                                                                                                      J Neurosurg / September 18, 2009

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 per-

manent 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 ventric-
ular 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 cul-
tures 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 in-
corporated 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 im-
portance in describing the incidence of CRI.

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 cath-
eters to lower infection rates in comparison with standard 
nonimpregnated catheters. One opportunity is the wide-
spread use of antibiotics, whether for prophylactic use or 
with antibiotic-impregnated EVD catheters. The majority 
of studies demonstrated that the use of prophylactic an-
tibiotics has no better outcome than their perioperative 
use.1,3,7,30 However, EVD catheters impregnated with an 
antibiotic combination showed significantly lower infec-
tion 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 

TABLE 2: Microorganisms isolated from CSF cultures and 
catheter tips*

No. of Patients

Bacterial species
Control 
Group

Study 
Group

coagulase-negative Staphylococcus spp
 EVD tip 2 1
 CSF culture 3 0
hemolytic Staphylococcus spp
 EVD tip 0 0
 CSF culture 0 1
Enterobacter cloacae & Serratia marcescens
 EVD tip 0 0
 CSF culture 0 1
Enterococcus faecalis
 EVD tip 1 0
 CSF culture 1 0
Salmonella enteritidis
 EVD tip 1 0
 CSF culture 0 0
Stenotrephomonas maltophilia
 EVD tip 1 0
 CSF culture 0 0

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

Fig. 2. Graph demonstrating Kaplan-Meier cumulative curves for the 
proportion of patients in whom the results were positive for microorgan-
isms 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 cath-
eters; 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 silver-
bearing EVD catheters.
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the risk of bacterial resistance against these antibiotics. 
Some studies still reported the existence of multiresis-
tant 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 im-
portant fact is that infection is also caused by bacterial 
contamination along the catheter track, so it is interest-
ing 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 re-
duction in infection rates (in cases of central venous line 
catheters, especially bacteremia and sepsis) and coloni-
zation 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 ve-
nous line catheters even when not significant.4,17 It is im-
portant 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 Staphylo-
coccus 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, coloniza-
tion 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 sta-
tistical significance, which indicates that the study is un-
derpowered 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 infec-
tion rates of 9% (Table 3). The use of established proto-
cols for insertion and care of EVD catheters has yielded 
very low infection rates.8 In addition to new catheter tech-
nologies, this should be stringently continued. However, 
in summary, there is a strong trend to fewer microorgan-
isms 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 de-

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 ex-
ample, the retrospective collection of data might have 
introduced a selection bias. However, we generally re-
viewed all data in patients who were treated with EVD 
in the observation period. Furthermore, the patient col-
lective shows no statistically significant differences with 
respect to all parameters listed in Table 1. All parameters 
are evenly spread in both groups; importantly, the admin-
istration of antibiotics and glucocorticoids is almost iden-
tical in the study and control groups.

Safety of Silver-Bearing External Ventricular Drains
A potential disadvantage of silver-bearing EVD cath-

eters is the possibility of producing silver-resistant mi-
croorganisms, which has been described by Schwotzer.34 
In in vitro trials, resistant Escherichia coli has been en-
countered.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 exam-
ined.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 

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

Authors & Year No. of Patients Infection Rate (%)

Wong et al., 2002* 52 3.8
Lozier et al., 2002*† 5261 8.8
Zabramski et al.,2003*† 2364 8.9
Schade et al., 2005 97 14.4
Yilmazlar et al., 2005 109 8.1
Ortiz & Lee, 2006 no exact no. 8.0
Hoefnagel et al., 2008* 228 23.2
median infection incidence 9

* In these studies, infection was defined as a positive CSF culture 
alone.
† Studies with literature review of CRI incidence.
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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 silver-
bearing EVD catheters.
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rials or methods used in this analysis or findings specified in this 
paper.

References

 1. Alleyne CH Jr, Hassan M, Zabramski JM: The efficacy 
and cost of prophylactic and perioprocedural antibiotics in 
patients with external ventricular drains. Neurosurgery 
47:1124–1129, 2000

 2. Attia J, Hatala R, Cook DJ, Wong JG: The rational clinical 
examination. Does this adult patient have acute meningitis? 
JAMA 282:175–181, 1999

 3. Aucoin PJ, Kotilainen HR, Gantz NM, Davidson R, Kellogg P, 
Stone B: Intracranial pressure monitors. Epidemiologic study 
of risk factors and infections. Am J Med 80:369–376, 1986

 4. Bach A, Eberhardt H, Frick A, Schmidt H, Bottiger BW, Mar-
tin E: Efficacy of silver-coating central venous catheters in 
reducing bacterial colonization. Crit Care Med 27:515–521, 
1999

 5. Bayston R: Analysis of twenty-four “failures” of Bactiseal 
antimicrobial shunts reported to FDA. Cerebrospinal Fluid 
Res 3 (Suppl 1):S53, 2006

 6. Behr A, Böswald M, Braun G, Burgmann H, Lugauer S, Re-
genfus A, et al: Reduktion von katheterassoziierten infektion-
en durch die imprägnierung eines zentralvenösen katheters 
mit niedrigen konzentrationen an silber: Ergebnisse einer 
europäischen multizenterstudie. Intensivmed 35:475, 1998 
(Abstract)

 7. Blomstedt GC: Results of trimethoprim-sulfamethoxazole 
prophylaxis in ventriculostomy and shunting procedures. A 
double-blind randomized trial. J  Neurosurg 62:694–697, 
1985

 8. Dasic D, Hanna SJ, Bojanic S, Kerr RS: External ventricular 
drain infection: the effect of a strict protocol on infection rates 
and a review of the literature. Br J Neurosurg 20:296–300, 
2006

 9. Dasic D, Liaquat I, Murphy M, Bassi S: Antibiotic resistant 
infections with bactiseal catheters for VP shunts. Br J Neuro-
surg 20:448–449, 2006 (Abstract)

10. Dettenkofer M, Ebner W, Hans FJ, Forster D, Babikir R, Zent-
ner J, et al: Nosocomial infections in a neurosurgery intensive 
care unit. Acta Neurochir (Wien) 141:1303–1308, 1999

11. Frosch M: Akute Bakterielle Meningitis. Bremen: Uni-Med, 
2003, Vol 1, pp 49–51

12. Galiano K, Pleifer C, Engelhardt K, Brossner G, Lackner P, 
Huck C, et al: Silver segregation and bacterial growth of intra-
ventricular catheters impregnated with silver nanoparticles in 
cerebrospinal fluid drainages. Neurol Res 30:285–287, 2008

13. Goudie JG, Goudie RB: Recurrent infections by a stable 
dwarf-colony variant of Staphylococcus aureus. J Clin Pathol 
8:284–287, 1955

14. Guggenbichler JP, Juhl G, Braun GG, Frass M, Künstle O, 
Plötz J, et al: Clinical investigation of a new central venous 
catheter impregnated with silver nanoparticles. Hyg  Med 
28:228–234, 2003

15. Hoefnagel D, Dammers R, Ter Laak-Poort MP, Avezaat CJ: 
Risk factors for infections related to external ventricular 
drainage. Acta Neurochir (Wien) 150:209–214, 2008

16. Holloway KL, Barnes T, Choi S, Bullock R, Marshall LF, 
Eisenberg HM, et al: Ventriculostomy infections: the effect of 
monitoring duration and catheter exchange in 584 patients. J 
Neurosurg 85:419–424, 1996

17. Kalfon P, de Vaumas C, Samba D, Boulet E, Lefrant JY, Ey-
raud D, et al: Comparison of silver-impregnated with standard 
multi-lumen central venous catheters in critically ill patients. 
Crit Care Med 35:1032–1039, 2007

18. Kaufmann AM, Lye T, Redekop G, Brevner A, Hamilton M, 
Kozey M, et al: Infection rates in standard vs. hydrogel coated 
ventricular catheters. Can J Neurol Sci 31:506–510, 2004

19. Khan SH, Kureshi IU, Mulgrew T, Ho SY, Onyiuke HC: Com-
parison of percutaneous ventriculostomies and intraparenchy-
mal monitor: a retrospective evaluation of 156 patients. Acta 
Neurochir Suppl 71:50–52, 1998

20. Laborde G, Grosskopf U, Schmieder K, Harders A, Klimek L, 
Hardenack M, et al: [Nosocomial infections in a neurosurgi-
cal intensive care unit.] Anaesthesist 42:724–731, 1993 (Ger)

21. Lackner P, Beer R, Broessner G, Helbok R, Galiano K, Pleifer 
C, et al: Efficacy of silver nanoparticles-impregnated external 
ventricular drain catheters in patients with acute occlusive hy-
drocephalus. Neurocrit Care 8:360–365, 2008

22. Li XZ, Nikaido H, Williams KE: Silver-resistant mutants of 
Escherichia coli display active efflux of Ag+ and are deficient 
in porins. J Bacteriol 179:6127–6132, 1997

23. Lozier AP, Sciacca RR, Romagnoli MF, Connolly ES Jr: Ven-
triculostomy-related infections: a critical review of the litera-
ture. Neurosurgery 51:170–172, 2002

24. Mayhall CG, Archer NH, Lamb VA, Spadora AC, Baggett JW, 
Ward JD, et al: Ventriculostomy-related infections. A prospec-
tive epidemiologic study. N Engl J Med 310:553–559, 1984

25. Munson EL, Heard SO, Doern GV: In vitro exposure of bac-
teria to antimicrobial impregnated-central venous catheters 
does not directly lead to the emergence of antimicrobial resis-
tance. Chest 126:1628–1635, 2004

26. Ortiz R, Lee K: Nosocomial infections in neurocritical care. 
Curr Neurol Neurosci Rep 6:525–530, 2006

27. Park P, Garton HJ, Kocan MJ, Thompson BG: Risk of infec-
tion with prolonged ventricular catheterization. Neurosur-
gery 55:594–601, 2004

28. Pfisterer W, Muhlbauer M, Czech T, Reinprecht A: Early di-
agnosis of external ventricular drainage infection: results of a 
prospective study. J Neurol Neurosurg Psychiatry 74:929–
932, 2003

29. Poon WS, Ng S, Wai S: CSF antibiotic prophylaxis for neuro-
surgical patients with ventriculostomy: a randomised study. 
Acta Neurochir Suppl 71:146–148, 1998

30. Rebuck JA, Murry KR, Rhoney DH, Michael DB, Coplin 
WM: Infection related to intracranial pressure monitors in 
adults: analysis of risk factors and antibiotic prophylaxis. J 
Neurol Neurosurg Psychiatry 69:381–384, 2000

31. Roe D, Karandikar B, Bonn-Savage N, Gibbins B, Roullet JB: 
Antimicrobial surface functionalization of plastic catheters by 
silver nanoparticles. J Antimicrob Chemother 61:869–876, 
2008

32. Schade RP, Schinkel J, Visser LG, Van Dijk JM, Voormolen 
JH, Kuijper EJ: Bacterial meningitis caused by the use of ven-
tricular or lumbar cerebrospinal fluid catheters. J Neurosurg 
102:229–234, 2005

33. Schultz M, Moore K, Foote AW: Bacterial ventriculitis and 
duration of ventriculostomy catheter insertion. J  Neurosci 
Nurs 25:158–164, 1993

34. Schwotzer H: Oligodynamie, in Weuffen W (ed): Handbuch 
der Desinfektion und Sterilisation. Berlin: Verlag Volk und 
Gesundheit, 1973, Vol I, pp 209–217

35. Smith RW, Alksne JF: Infections complicating the use of ex-
ternal ventriculostomy. J Neurosurg 44:567–570, 1976

36. Streharova A, Benca J, Holeckova K, Balik J, Sula I, Lesna-
kova A, et al: Comparison of postsurgical and community ac-



J Neurosurg / September 18, 2009

Efficacy of silver-bearing EVD catheters

7

quired bacterial meningitis—analysis of 372 cases within a 
nationwide survey. Neuroendocrinol Lett 28 (Suppl 3):7–9, 
2007

37. Sundbarg G, Nordstrom CH, Soderstrom S: Complications 
due to prolonged ventricular fluid pressure recording. Br  J 
Neurosurg 2:485–495, 1988

38. Winfield JA, Rosenthal P, Kanter RK, Casella G: Duration of 
intracranial pressure monitoring does not predict daily risk of 
infectious complications. Neurosurgery 33:424–431, 1993

39. Wong GK, Poon WS, Wai S, Yu LM, Lyon D, Lam JM: Failure 
of regular external ventricular drain exchange to reduce ce-
rebrospinal fluid infection: result of a randomised controlled 
trial. J Neurol Neurosurg Psychiatry 73:759–761, 2002

40. Yilmazlar S, Abas F, Korfali E: Comparison of ventricular 

drainage in poor grade patients after intracranial hemorrhage. 
Neurol Res 27:653–656, 2005

41. Zabramski JM, Whiting D, Darouiche RO, Horner TG, Olson 
J, Robertson C, et al: Efficacy of antimicrobial-impregnated 
external ventricular drain catheters: a prospective, random-
ized, controlled trial. J Neurosurg 98:725–730, 2003

Manuscript submitted April 1, 2009.
Accepted August 15, 2009.
Please include this information when citing this paper: published 

online September 18, 2009; DOI: 10.3171/2009.8.JNS091297.
Address correspondence to: Andreas Raabe, M.D., Department 

of Neurosurgery, Inselspital, University of Bern, 3010 Bern, 
Switzerland. email: andreas.raabe@insel.ch.


