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Abstract
Background Cerebrospinal fluid (CSF) shunt-associated in-
fection is one of the most frequent complications of CSF
shunt surgery. We evaluated our institutional guideline for
the treatment of shunt-associated infections.
Methods We retrospectively analysed all 92 episodes of
shunt-associated infections in 78 patients treated in our
institution from 2002 to 2008. All patients underwent urgent
surgery, i.e. removal of the complete shunt hardware or
externalisation of the distal tubing in cases with an infection
restricted to the distal shunt (10 %), placement of an external
ventricular drainage as necessary and antibiotic therapy.

Standard empirical first-line antibiotic treatment consisted
of a combination of flucloxacillin and cefuroxime.
Results We observed 38 % early (<1 month after shunt
surgery) and 20 % late infections (> 1 year after shunt
placement). Coagulase-negative staphylococci (CoNS) were
isolated in 38 %. In 38 % no pathogens could be isolated. Of
cases with a first shunt infection, 58 % were initially treated
with flucloxacillin/cefuroxime. Only 53 % of all infections
were treated successfully with the first course of antibiotics.
Only 51 % of bacterial isolates were sensitive to empirical
first-line antibiotics. Twenty percent of infections caused by
sensitive bacterial isolates nevertheless required second-line
antibiotic therapy.
Conclusions Urgent surgery for shunt removal and antibi-
otic therapy will usually cure a shunt-associated infection.
The choice of antibiotics should reflect the spectrum of
pathogens seen at one’s institution, paying particular atten-
tion to the role of CoNS isolates, and in vitro sensitivity
testing results.

Keywords VP shunt . Infection . Antibiotic treatment .

Outcome

Introduction

Implantation of a cerebrospinal fluid (CSF) shunt system is
the most frequent operation performed for the treatment of
hydrocephalus. Shunt malfunction and shunt-associated in-
fection are the most common complications encountered in
CSF shunt surgery. CSF shunt-associated infection is a
major complication causing substantial morbidity and mor-
tality. More recent studies have reported infection rates
between 1 and 18 % [1, 15, 26, 27]. Clinical symptoms
may vary and may be unspecific. Patients often present with
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fever and shunt malfunction [32]. Several important risk
factors for shunt-associated infections have been identi-
fied. The most important ones are probably postoperative
CSF leakage after CSF shunt implantation, preterm birth,
previous shunt infection, duration of the shunt placement
operation, and the neurosurgeon’s clinical experience [3,
17, 21].

Most CSF shunt-associated infections are caused by op-
portunistic pathogens, which form part of the human skin
flora. They most often develop because of intraoperative
bacterial contamination of the shunt hardware, i.e. patho-
gens are inoculated into the wound at the time of the shunt
placement operation [2]. Wound breakdown and postopera-
tive CSF fistulas might also cause shunt-associated infec-
tions [17]. Staphylococci are the most frequently detected
pathogens. Staphylococci were responsible for 50–89 % of
CSF shunt infections in several large published series [13,
17, 19]. These organisms form biofilms, enabling them to
colonise implanted devices [8]. The microbiological di-
agnosis may be challenging. Improper acquisition and
handling of the microbiological specimen can easily re-
sult in a contamination due to frequent colonisation of
the patients’ skin flora with staphylococci [7, 16, 23, 34].

The literature contains various studies evaluating clinical
and microbiological features, risk factors and treatment of
CSF shunt-associated infections [4, 6, 26, 33]. Nevertheless,
there are no universally accepted guidelines for the treat-
ment of CSF shunt-associated infections. At the authors’
institution, treatment of CSF shunt-associated infection fol-
lows a standardised protocol, which includes surgery in all
but exceptional cases. For the present paper we retrospec-
tively analysed all surgically treated episodes of CSF shunt-
associated infections encountered from 2002 to 2008 in
order to evaluate this institutional guideline.

Patients and methods

Institutional guideline

All patients with a suspected shunt-associated infection
undergo an aseptic puncture of the CSF shunt system, or a
lumbar puncture. The diagnosis of a CSF shunt-associated
infection is based on the modified CDC criteria for hospital
acquired infections [11]:

1. Growth of pathogens in the CSF, shunt tips or in
wounds overlying the shunt material

and/or

2. Clinical symptoms like fever (>38°), headache, nausea,
neck stiffness, focal neurological deficits, physician ini-
tiation of an appropriate antimicrobial therapy for shunt-

associated infection and a laboratory finding of a CSF
leucocyte count of >5 cells/μl CSF

Patients with shunt infections routinely undergo surgical
treatment usually on the day of diagnosis (i.e. on an emer-
gency basis). We try to distinguish between proximal and
distal infections of the CSF shunt system. A proximal in-
fection is defined by infectious CSF and/or bacterial colo-
nisation of the proximal shunt up to the valve (i.e. in close
proximity to or involving the CSF compartment). In patients
with a distal infection, there are no infectious CSF findings
and the infection is clinically confined to the distal shunt
catheter. Conceptually, patients with a distal infection do not
have meningitis and their proximal shunt is still sterile.
Hence, an attempt is made in these cases to retain the
proximal shunt. The distal catheter is externalised, and the
remainder of the shunt is only explanted if the infection
persists or spreads proximally. Patients with a proximal
shunt-associated infection routinely have their complete
shunt removed. If continuous drainage of CSF is needed,
we simultaneously implant an external ventricular drain.

Intravenous antibiotics are administered directly after CSF
samples have been obtained and infected shuntware has been
removed as described above. Per protocol, as the primary
antibiotic treatment a combination of intravenous flucloxacil-
lin (flu; 4×1 g/day; 4×50 mg/kg/day in children) and cefur-
oxime (cef; 3×1.5 g/day; 3×50 mg/kg/day in children) is
prescribed for 7 days. This choice of antibiotics was based
on an earlier internal review of neurosurgical infections, re-
vealing a high rate of infections caused by Staphylococcus
aureus. Individualised primary antibiotic treatment is admin-
istered in the presence of a second infectious focus (e.g.
pneumonia) which requires treatment or if clinical circum-
stances suggest a non-staphylococcal aetiology. The antibiotic
treatment is routinely modified according to the results of in
vitro sensitivity testing of the causative pathogens.

The CSF shunt is replaced 2–5 days following discontin-
uation of antibiotic treatment if repeat CSF analysis does not
reveal any infectious findings and the patient remains
asymptomatic. Since patients with an external CSF drain
are at risk of developing superinfections, and culturing some
low-virulence organisms may take longer than 2–3 days, we
do not routinely require a sterile culture obtained in the
absence of antibiotic treatment.

Patient characteristics

For the present study we analysed all consecutive 92 epi-
sodes of shunt-associated infections in 78 patients (75 first
infections, 17 recurrent infections) treated surgically from 1
January 2002 until 31 December 2008 at the authors’ insti-
tution. Seven patients had one recurrent infection, three
patients had two and one patient had four recurrent shunt-
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associated infections. During the same period, 666 CSF
shunts were implanted (range, 81–126 shunt placements
annually). The Department of Neurosurgery at the Univer-
sity of Bonn is the principal provider of neurosurgical care
in the greater Bonn area serving a population of approxi-
mately 1,000,000.

Median patient age at the time of diagnosis was 48 years
(range, 3 months to 86 years). There were 13 patients
<18 years, and eight patients<1 year. The series was 58 %
female. There were five (5 %) infected ventriculo-atrial
shunt systems, and 87 (95 %) infections of ventriculo-
peritoneal shunts. Post-haemorrhagic hydrocephalus was
the most common indication for shunt placement (27/78
patients, 35 %; Table 1).

Clinical and microbiological data collection, follow-up
and statistical analysis

Pertinent clinical and microbiological data were retrieved
from the respective patients’ charts. In addition, all patients
and/or their families were contacted by phone and asked to
provide information on further shunt-related complications,
subsequent neurosurgical hospital admissions or any other
subsequent neurosurgical procedure. Median follow-up du-
ration was 45 months (range, 5–86 months). Statistical
analysis was supported by commercially available software
(SPSS version 17.0).

Results

Clinical and radiological presentation

There were 35 early (38 %, < 1 month following shunt place-
ment), 38 delayed (41%, > 1month and<1 year) and 19 (20%,
> 1 year) late infections. The infection was restricted to the
distal part of the shunt in nine cases (10 %). One patient
presentedwith a shunt infection 216months after surgery. Fever
was present at the time of hospital admission in 78 (85%) cases.
Forty-three patients (47 %) presented with a depressed level of
consciousness or focal neurological signs. Twenty patients
(22 %) presented with seizures. A computed axial tomography
(CAT) scan of the head showed a hydrocephalic configuration
of the ventricular system in 28 cases (30 %). In 28 (30 %)
episodes, no cranial CAT scans were obtained. Abdominal
sonography (26 cases; 28 %) or a CAT scan of the abdomen
(nine cases; 10 %) revealed pathological findings in 16 (17 %)
and five (5 %) cases, respectively (Table 1).

Laboratory findings

A CSF sample was obtained in all patients (72 % shunt
punctures). Excluding distal infections, a positive CSF

leucocyte count (> 5 cells/μl CSF) was observed in 89 %
of samples (median, 414±464; median, 231; range 9–2,000
cells/μl CSF). Total CSF protein was available in 69 of these

Table 1 Demographic data, patient and treatment characteristics

Episodes

Infections 92 100 %

First infection 75/92 82 %

Recurrent infection 17/92 18 %

Infection latency

Early 35/92 38 %

Delayed 38/92 41 %

Late 19/92 20 %

Clinical symptoms

Fever 78/92 85 %

Somnolence 43/92 47 %

Seizures 20/92 22 %

Radiological findings

Hydrocephalus on CAT scan 28/92 30 %

Pathological abdominal sonography 16/92 17 %

Pathological abdominal CAT Scan 5/92 5 %

Hydrocephalus etiologies

Haemorrhagea 27/78d 35 %

Trauma 7/78 9 %

Infection 4/78 5 %

Normal pressure hydrocephalus 10/78 13 %

Pseudotumor cerebri 1/78 1 %

Congenital malformationb 9/78 12 %

Germinal matrix bleeding 10/78 13 %

Tumourc 10/78 13 %

Laboratory findings

Positive CSF cell count 82/92 89 %

Elevated CRP 90/92 92 %

Elevated blood leucocyte count 45/92 49 %

Surgical treatment

Shunt explantation + external ventricular drainage 75/92 82 %

Shunt explantation 8/92 9 %

Externalisation of distal shunt catheter 9/92 10 %

Secondary removal of remaining shunt hardware 2/92 2 %

a Aneurysmal SAH/ICH: 20/27 (74 %); arteriovenous malformation/
fistula with ICH: 2/27 (7 %); cavernoma with ICH: 1/27 (4 %); benign
perimesencephalic haemorrhage: 2/27 (7 %); hypertensive ganglionic
haemorrhage: 2/27 (7 %)
b Chiari II malformation: 6/9 (67 %); Dandy Walker malformation: 1/9
(11 %); hemimegalencephaly: 1/9 (11 %); agenesis of the corpus
callosum: 1/9 (11 %)
c Vestibular schwannoma: 2/10 (20 %); (petro)clival meningiomas: 2/
10 (20 %); clival chordoma: 1/10 (10 %); posterior fossa ependymoma:
1/10 (10 %); colloid cyst: 1 (10 %); glioblastoma multiforme: 1/10
(10 %); other tumours: 2/10 (20 %)
d Numbers refer to patients (n078) rather than shunt-associated infec-
tions (n092)
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patients (mean, 1,108±1,355 mg/l; median, 736; range, 10–
6,685 mg/l). The mean CSF leucocyte count was signifi-
cantly higher in spinal taps than in CSF samples obtained
through shunt punctures (628±475 vs 351±442; P<0.05,
Student’s t-test), whereas there was no significant difference
in CSF total protein. Elevated C-reactive protein (CRP)
levels (> 3 mg/l) were seen in 98 % of cases (mean, 81±
67; median, 61; range, 2.2–340 mg/l). However, a substan-
tially increased CRP >50 mg/l paralleling findings in, for
example, postoperative meningitis was seen in only 59 %
[29]. Elevated blood leucocyte counts were recorded in
49 % of all cases (mean, 11±5; median, 10; range, 0.42–
32 G/l).

Microbiology findings

Overall, microbiological organisms were detected in 57
episodes of shunt-associated infections (62 %). The most
frequently detected pathogens were coagulase-negative
staphylococci (CoNS; 35 cases; 38 %, see Table 2). Multiple
organisms were identified in 11 infections (12 %). In ten of
these cases, the microbiological analysis also detected
CoNS. The rate of infections caused by CoNS decreased
with time after shunt placement, while the rate of culture-
negative infections increased. However, microbiological
findings did not differ statistically significantly between first
and recurrent infections (chi-squared test/Fisher’s exact
test), or between early, delayed and late infections (Armit-
age trend test; Table 2). Twenty-seven of the 35 patients
(77 %) in which no bacteria could be detected were recently
treated with antibiotics.

CSF specimens were microbiologically positive in 33 %
(87/262 samples). In contrast, pathogens could be isolated
from 48/90 (53 %) of ventricular, 12/21 (57 %) of peritoneal
and 4/5 (80 %) of atrial catheters.

Surgical treatment

In 83 (90 %) cases the shunt system was completely re-
moved. An external ventricular drain was inserted simulta-
neously in 75 of these patients (82 %). The peritoneal shunt
catheter was externalised in nine cases (10 %, ‘distal

infections’). Secondary removal of the remainder of the
shunt was performed in two (22 %) of these cases. Shunts
were replaced after a mean of 27±21 days (median, 18;
range, 7–131 days). Five patients (5 %) did not undergo
CSF shunting after their shunt-associated infection was
treated successfully (Table 1).

Antibiotic treatment

Overall, only 49 (53 %) cases were cured by a single course
of antibiotics. In part, this may reflect the fact that the
pathogens identified through the microbiological work-up
were sensitive to the empirical first line antibiotic therapy in
only 29/57 (51 %) cases. However, the correlation between
the results of the in vitro sensitivity testing and the clinical
response was not absolute. Only 28/35 (80 %) culture-
positive cases treated with first line antibiotics targeting
the causative microorganisms according to the in vitro sen-
sitivity testing results were cured with just one course of
antibiotics. Infections caused by CoNS responded in only
34 % to empirical first-line antibiotics. Interestingly, 84 % of
cases without positive microbiological findings were cured
by the first course of antibiotics.

Flu/cef was administered per protocol as first line antibi-
otic treatment in overall 53 episodes (70 %) of first shunt-
associated infections (Fig. 1). In 31 cases (58 %) this treat-
ment was successful, i.e. only one course of antibiotics
cured the infection. Notably, this number includes 21 cases
(68 %) for which the causative organism could not be
identified. The majority of the 22 infections not responding
to flu/cef were caused by resistant pathogens (17/18094 %
of the microbiologically positive cases). Flu/cef targeted
only 10/28 (36 %) of all pathogens tested for sensitivity to
flu/cef, including only 8/18 (44 %) of all CoNS isolates. Of
all CoNS isolates, 68 % were methicillin-resistant Staphy-
lococcus epidermidis (MRSE). For comparison, at the
authors’ institution approximately two-thirds of all CoNS
isolates are MRSE.

The responder rate for first line vancomycin alone (seven
cases) or in combination (eight cases) (overall 15 cases0
16 %) was 80 %. Second line treatment with vancomycin
alone (12 cases) or in combination (six cases) resulted in a

Table 2 Microbiological
findings

aInfection occurring<1 month
after shunt placement
bInfection occurring>1 month,
but<1 year after shunt
placement
cInfection occurring>1 year af-
ter shunt placement

Bacteria All 1st infection Recurrent
infection

Earlya Delayedb Latec

CoNS 35/92 38 % 26/75 35 % 9/17 53 % 16/35 45 % 14/38 37 % 5/19 26 %

Staphylococcus aureus 4/92 5 % 4/75 5 % Not found Not found 4/38 11 % Not found

Gram-negative rods 6/92 7 % 5/75 7 % 1/17 6 % 1/35 3 % 4/38 11 % 1/19 5 %

Others 1/92 1 % 1/75 1 % Not found Not found Not found 1/19 5 %

Multiple bacteria 11/92 12 % 9/75 12 % 2/17 12 % 5/35 14 % 4/38 11 % 2/19 11 %

No bacteria found 35/92 38 % 30/75 40 % 5/17 29 % 13/35 37 % 12/38 32 % 10/19 53 %
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response rate of 83 %. Of all pathogens tested, 49/56 (86 %)
were sensitive to vancomycin. Specifically, all CoNS iso-
lates were sensitive to vancomycin.

Treatment outcomes

The 2-month recurrence rate after a first shunt infection was
13 %, and we did not observe any recurrent infections more
than 2 months after successful treatment of a first shunt
infection. Hence, we operationally defined a cure as no
signs and symptoms of a recurrent shunt-associated infec-
tion >3 months after shunt replacement surgery. During her
hospital stay, one patient died of multi–organ failure due to
nosocomial pneumonia and sepsis. At the time of death,
the hydrocephalus was treated with an external ventricular
drain; no signs of ongoing meningitis were recorded.
All other patients were eventually cured of their shunt-
associated infection. Median duration of antibiotic treatment
was 14 days (mean, 17±12; range, 4–80 days). Median
length of hospital stay was 29 days (mean, 42±35;
range, 11–194 days). There were no statistically significant
differences between first and recurrent infections (Student’s
t-test).

Discussion

Shunt-associated infections complicate the clinical course of
1-18 % of patients with CSF shunts and may cause signif-
icant morbidity and even mortality [1, 15, 26, 27]. The
present paper describes a large (92 episodes in 78 patients)

mono-institutional experience with shunt-associated infec-
tions in a predominantly adult (83 % >18 years) patient
cohort. Detailed data on adult patients are scarcely found
in the literature [6, 14, 21]. Treatment was standardised and
included routine removal of the colonised shunt hardware
and empirical first-line antibiotic treatment (flu/cef) target-
ing primarily staphylococci (unless clinical circumstances
suggested a non-staphylococcal aetiology or a second infec-
tious focus).

Diagnosing a CSF shunt infection may not be trivial. In
our experience, patients with a CSF shunt-associated in-
fection often present with non-specific clinical signs. Fe-
ver was seen in only 85 % of the study population.
Neurological signs were present in only 43 (47 %) epi-
sodes. Shunt-associated infections were not rarely compli-
cated by shunt malfunction. A CAT scan of the head was
obtained in 60 % of all episodes, and a hydrocephalic
configuration of the ventricular system was diagnosed in
30 % of all patients.

The laboratory diagnosis of a shunt infection can be
difficult [6, 16, 29]. Distal shunt infections will not present
with infectious CSF findings (10 % of shunt infections in
this series). CSF leucocyte counts differ significantly be-
tween sampling sites, which has to be taken into account
during the diagnostic work-up. We found higher cell counts
in spinal taps when compared with samples obtained
through shunt punctures. The retrospective character of this
study prevented a more comprehensive analysis of addition-
al CSF parameters such as CSF lactate. CSF lactate was
within normal limits in 20 % of the cases in two other
studies [6, 18].

Flu/cef 
53/75 (70%) 

Responder 
31/53 (58%) 

Non – Responder 
22/53 (42%) 

Microbiology positive 
10/31 (32%) 

Microbiology negative
        21/31 (68%) 

Microbiology positive
18/22 (82%) 

Microbiology negative
         4/22 (18%) 

Resistant to Flu/cef 
1/10 (10%) 

Resistant to Flu/cef 
17/18 (94%) 

FIRST INFECTIONS

Fig. 1 Efficacy of Flu/cef treatment for first CSF shunt-associated
infections. Fifty-three (70 %) of all 75 first shunt-associated infections
were initially treated with a combination of flucloxacillin and cefurox-
ime (flu/cef). Treatment was successful in 31/53 (58 %) of cases.
Notably, the microbiological work-up identified pathogens in the ma-
jority (18/22082 %) of treatment failures, all but one of which proved

resistant to flu/cef upon in vitro testing. Also note the high number of
culture-negative flu/cef responders (21/31068 %). Even though the
microbiological organisms responsible for shunt-associated infections
quite often escaped detection by routine microbiological techniques in
this patient subset (25/53047 %), empirical treatment with flu/cef was
nevertheless successful (21/25084 % of microbiology negative cases)
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Notably, we observed elevated serum CRP values in
virtually all (98 %) patients. Hence, a normal CRP would
strongly argue against the diagnosis of a shunt infection.
However, this finding is of very limited diagnostic value,
since in everyday practice clinically irrelevant low-level
CRP elevations paralleling findings in many shunt-
associated infections (e.g. CRP<30 mg/dl in 23 % of cases
in this series) are commonly observed. A substantially in-
creased CRP >50 mg/l as seen in, for example, postopera-
tive meningitis was seen in only 59 % [29]

The spectrum of pathogens identified is in accordance
with the literature with the notable absence of anaerobic
microorganisms such as Propionibacterium spp. and the
low prevalence of S. aureus [6, 14, 17, 30–32]. Pathogens
could be cultured in only 62 % of cases. This may reflect
recent antibiotic treatment in 77 % of our culture-negative
patients. Interestingly, the rate of infections caused by CoNS
decreased with time after shunt placement, while the rate of
culture-negative infections increased. However, the respec-
tive figures failed to reach statistical significance (Table 2).

Some of the most frequent pathogens which cause shunt-
associated infections such as staphylococci (and Propioni-
bacterium spp.) form biofilms after colonisation of
implanted devices, making them relatively inaccessible to
antibiotics [8]. This may explain why non-surgical treatment
for shunt infections has met with limited success at best [5,
12, 22]. In contrast, all but one of our patients were eventu-
ally cured from their shunt infection after urgent surgical
removal of the colonised shuntware, suggesting that early
surgery may be a crucial step in the successful therapy of
shunt-associated infections. We do not have experience with
systematic non-surgical treatment for shunt-associated
infections. Patients with infections involving only the peri-
toneal catheter may be successfully managed by external-
isation of the distal shunt (7/9 cases in this series).

In contrast to most studies, we extensively analysed
antibiotic therapy for shunt infections. Empirical antibiotic
treatment with flu/cef directed primarily against Staphylo-
coccus spp. cured only 58 % of all episodes of first shunt-
associated infections. This was probably mainly due to the
relatively high number of resistant CoNS isolates (68 %
MRSE) and the low prevalence of infections caused by S.
aureus. Of note, many of the culture-negative infections
responded to first line treatment with flu/cef. Many of these
patients may have in fact suffered from infections caused by
Propionibacterium spp. which are usually sensitive to pen-
icillins and cephalosporines (e.g. Propionibacterium acnes).
Primary empirical treatment with vancomycin may have
resulted in somewhat better infectiological outcomes. The
response rate in cases treated with first-line vancomycin was
80 %. Second-line treatment with vancomycin resulted in a
response rate of 83 %. Propionibacterium spp. are usually
sensitive to vancomycin [24]. Overall, 86 % of all bacterial

isolates were sensitive to vancomycin in vitro. Some con-
sider vancomycin the standard antibiotic agent for device-
related infections [10, 20, 28].

A combination of vancomycin with a third-generation
cephalosporin would cover almost all pathogens causing
shunt infections. These theoretical benefits of broad antibi-
otic coverage have to be balanced against its side effects and
costs. Side effects of vancomycin treatment include substan-
tial ototoxicity and nephrotoxicity, which usually requires
monitoring of serum levels [9, 25]. Interestingly, the overall
treatment results in this series, relying mainly on empirical
treatment with the relatively non-toxic combination of flu/
cef, were reasonably good. Antibiotic treatment for shunt-
related infections can be optimised once in vitro sensitivity
results become available, and whenever there is no appro-
priate clinical response. Nevertheless, the results of this
study and in particular the high rate of β-lactam-antibiotic-
resistant CoNS isolates have led us to change our institu-
tional protocol and replace primary empirical antibiotic
treatment with flu/cef by primary vancomycin therapy. We
would encourage others to re-evaluate their first-line antibi-
otic treatment of shunt-associated infections based on a
systematic and regular review of culture results.

In summary, our data support early routine removal of
infected shunt hardware in combination with antibiotics as
the treatment of choice for all but the exceptional patient
with a shunt-associated infection. The choice of (first-line)
antibiotics should reflect the spectrum of pathogens seen at
one’s institution, paying particular attention to the role of
CoNS isolates.

Conflicts of interest None.
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