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Abstract
Objective—Infection is a complication
related to intracranial pressure monitor-
ing devices. The timing, duration, and role
of prophylactic antimicrobial agents
against intracranial pressure monitor
(ICPM) related infection have not previ-
ously been well defined. Risk factors and
selection, duration, and timing of anti-
biotic prophylaxis in patients with ICPMs
were evaluated.
Methods—Records of all consecutive pa-
tients who underwent ICPM insertion
between 1993 and 1996 were reviewed.
Patients included were older than 12 years
with an ICPM placed for at least 24 hours.
Exclusion criteria consisted of ICPM
placed before admission or documented
CSF infection before or at the time of
insertion. Standard criteria were applied
to all patients for diagnosis of CSF
infection.
Results—A total of 215 patients were
included, 16 (7.4%) of whom developed
CSF infection. Antibiotic prophylaxis for
ICPM placement was administered to 63%
of infected and 59% of non-infected pa-
tients. Vancomycin (60%) and cefazolin
(34%) were used most often. Sixty per cent
(6/16) of patients who developed infection
and 45% (53/199) of those without CSF
infection received their first antibiotic
dose within the 2 hours before ICPM
insertion. Risk factors for CSF infection
included duration of monitoring greater
than 5 days (RR 4.0 (1.3–11.9)); presence
of ventriculostomy (RR 3.4 (1.0–10.7));
CSF leak (RR 6.3 (1.5–27.4)); concurrent
systemic infection (RR 3.4 (1.2–9.5)); or
serial ICPM (RR 4.9 (1.7–13.8)).
Conclusions—Administration of antibiot-
ics to patients before or at the time of
ICPM placement did not decrease the
incidence of CSF infection. Patients found
to be at greater risk for infection at our
institution included duration of ICPM
greater than 5 days, use of ventricular
catheter, CSF leak, concurrent systemic
infection, or serial ICPM.
(J Neurol Neurosurg Psychiatry 2000;69:381–384)
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Intracranial pressure (ICP) monitoring may
facilitate early and accurate intervention in
neurological injury. Treatment of increased

ICP is dependent on monitoring and increases
the potential for recovery.1 Devices for moni-
toring ICP, though, are not without complica-
tions. Infection is the primary complication
encountered with ICP monitors (ICPMs);
reports range from 0 to 40%, and average
10%.2–16 Although some authors suggest anti-
biotic prophylaxis, studies are lacking that spe-
cifically define the timing, duration, and
eYcacy of prophylactic regimens. The primary
objectives of this study were to (1) evaluate the
observed selection, duration, and timing of
various prophylactic antibiotics in patients with
ICPMs and (2) to assess risk factors for CSF
infection in patients with ICPMs admitted to
our institution.

Methods
PATIENT SELECTION AND DEFINITION OF

INFECTION

This retrospective cohort consisted of patients
with ICPM placement between August 1993
and August 1996 at a university aYliated 340
bed inpatient and 92 bed emergency depart-
ment level I trauma centre. This study was
approved by the human investigation com-
mittee of Wayne State University. Patients were
included if they were 12 years of age or older
and had an ICPM in place for at least 24 hours
(to exclude early deaths). Patients were ex-
cluded if they had an ICPM placed before
admission, an ICPM in place for an indetermi-
nate period of time, or a CSF infection before
monitor insertion. The ICPMs used for
patients in this study were placed either in the
parenchyma (Camino,® NeuroCare San Diego,
CA, USA) or in the ventricles as an external
transducer (Medtronic, Minneapolis, MN,
USA).

Definition of CSF infection was adapted
from the Centers for Disease Control
guidelines17: CSF infection must have met at
least one of the following two criteria: (1) pres-
ence of an organism isolated from CSF culture;
and/or (2) fever (>38ºC) in the absence of
other recognised cause with institution of
appropriate antimicrobial therapy and any of
the following: (a) increased white cells (>50%
polymorphonuclear leucocytes), increased pro-
tein, and/or decreased glucose (<15 g/dl) in
CSF, or (b) organism on CSF gram stain. A
concurrent infection was defined as a micro-
organism from an extracranial site with clinical
signs/symptoms of site specific infection and
demonstration of fever (>38ºC), peripheral
leucocytosis (white blood cell count>10 500/
mm3), and institution of appropriate antimicro-
bial therapy.
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CLINICAL DATA AND RISK FACTORS

Data were collected for each patient on stand-
ardised forms and included age, sex, primary
neurological diagnosis, baseline Glasgow coma
scale (GCS) score, patient disposition at
discharge, and Glasgow outcome scale (GOS)
score. Factors suspected as risks for CSF infec-
tion from previous studies were evaluated.2–4 6–16

These putative risk factors included hospital
location of ICPM placement (for example,
emergency department, operating room, or
ICU), type of ICPM (intraventricular or intra-
parenchymal), number of serial ICPMs/
patient, duration of ICPM, CSF infection,
skull fracture, trauma, penetrating head
injury, intracranial haemorrhage, CSF leak,
sustained ICP greater than 20 mm Hg, and
neurosurgical/non-neurosurgical operative
procedures. Presence of positive blood, urine,
sputum, sinus, catheter tip, or wound cultures
were also recorded along with the organism(s)
cultured from these sites to assess their possible
relation to CSF infection.

ANTIBIOTIC PROPHYLAXIS

Timing of antibiotic prophylaxis was evaluated
using documentation times recorded for ad-
ministration of the antibiotic in relation to the
time of ICPM placement. Further assessment
included other antibiotics administered during
the duration of monitor placement unrelated to
monitor related prophylaxis. The type of
antibiotic, dosage, frequency, duration, total
number of doses, and time administered in
relation to monitor placement were recorded
for all antibiotics.

STATISTICAL ANALYSIS

Data were entered, validated, and analyzed
using SPSS® software (version 7.5 SPSS Inc.,
Chicago, IL, USA). The significance of ob-
served diVerences between the infection and
no-infection patient groups was analyzed using
÷2 and two tailed Fisher’s exact tests. Univari-
ate and multiple logistic regression analysis
were performed to determine factors relevant
to risk of CSF infection, represented by relative
risks (RRs) and 95% confidence intervals

(95% CIs). Ordinal variables were analyzed
using the Mann-Whitney U test. The variables
analyzed in relation to antibiotic prophylaxis
were timing, duration of administration, and
type of antibiotic chosen. A p value<0.05 was
considered statistically significant.

Results
PATIENT CHARACTERISTICS

A total of 258 medical charts were reviewed.
Forty three patients were excluded because of:
ICPM in place for less than 24 hours (31);
positive CSF culture on admission (five);
ICPM placed at another hospital before
admission (4); and indeterminate duration of
ICPM placement (three). The eligible study
population consisted of 215 patients who
underwent insertion of 272 ICPMs. Sixteen
patients (7.4%) developed a CSF infection
when the ICPM was present. Patient character-
istics were similar between the infected and
non-infected groups (mean age: 43 (SD 17) v
44 (SD 15) years; sex: 68 v 69% male; baseline
median GCS: 7 (range 3–15) v 6.5 (range
2–15); and median GOS: 3 (range 1–5) v 3
(range 1–4)). Primary neurological diagnoses
were similar (p>0.05) and included intracra-
nial haemorrhage (95), traumatic brain injury
(58), aneurismal subarachnoid haemorrhage
(25), gunshot wound (13), tumour (11),
hydrocephalus (four), global cerebral ischae-
mia not otherwise specified (four), cerebellar
infarct (four), and abscess (one).

EVALUATION OF PUTATIVE RISK FACTORS

Potential independent risk factors for ICPM
related infection were evaluated (table 1). The
type of ICPM used was related to developing
CSF infection. Rate of infection was higher
(11.3 v 3.7%) for those patients who under-
went initial ICPM placement with a ventricul-
ostomy (RR 3.4 (95% CI 1.0–10.7)). The
presence of a CSF leak also resulted in a strong
association with infection (RR 6.3 (95% CI
1.5–27.4)). Additionally, patients with concur-
rent non-CNS sites of infection, specifically
pneumonia and urinary tract infections, were
more likely to develop ICPM related infections
(RR 3.4 (95% CI 1.2–9.5)). The organisms
cultured were those expected at the specific site
of infection, and were distinct from those
organisms cultured from the CSF in 78% of
patients. The incidence of infection was
increased in patients requiring monitoring for
greater than 5 days (RR 4.0 (95% CI
1.3–11.9)). Patients with more than one ICPM
were also found to be at an increased risk for
infection (RR 4.9 (95% CI 1.7–13.8)).

MICROBIOLOGY

Bacteria isolated from patients who developed
CSF infection included five cases of Staphyloco-
ccus epidermidis (80% methicillin resistant), two
cases of Acinetobacter baumannii, and one case
each of Corynebacterium jeikeium, Enterobacter
cloacae, Klebsiella pneumoniae, Proteus mirabilis,
and Stenotrophomonas maltophilia. Four pa-
tients without an organism isolated met inclu-
sion for having CSF infection as previously
defined.

Table 1 Risk factors for CSF infection: infection rate comparison of non-exposed to
exposed patients

Risk factor present†

RR 95% CI‡No Yes

Type of initial monitor:
Ventriculostomy 4/109 (3.7) 12/106 (11.3) 3.4 1.0–10.7*

CSF leak 13/205 (6.3) 3/10 (30.0) 6.3 1.5–27.4*
Extracranial infection site 7/151 (4.6) 9/64 (14.1) 3.4 1.2–9.5*
ICP monitoring >5 days 5/133 (3.8) 11/82 (13.4) 4.0 1.3–11.9*
Patients with >1 ICPM 8/173 (4.6) 8/42 (19.0) 4.9 1.7–13.8*
Skull fracture 11/166 (6.6) 5/49 (10.2) 1.6 0.5–4.9
Presence of multiple trauma 9/95 (9.5) 7/120 (5.8) 0.6 0.2–1.7
Penetrating head injury 15/199 (7.5) 1/16 (6.3) 0.8 0.1–6.6
ICP>20 mm Hg 7/139 (5.0) 9/76 (11.8) 2.5 0.9–7.1
Antibiotic prophylaxis given 6/87 (6.9 10/128 (7.8) 0.9 0.3–2.5
Intracranial haemorrhage 1/60 (1.7) 15/155 (9.7) 6.3 0.8–49.0
Location of placement:

Operating room 13/147 (8.8) 3/68 (4.4) 0.5 0.1–1.7
Emergency department 12/144 (8.3%) 4/71 (5.6%) 1.5 0.5–4.9
Intensive care unit 7/139 (5.0%) 9/76 (11.8%) 0.4 0.1–1.1

*p<0.05.
†Represented as the infection rate (%) in those without a particular characteristic and in those
with the above characteristic.
‡Univariate logistic regression. All values p>0.05 for multivariate logistic regression.
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ANTIBIOTIC PROPHYLAXIS

A total of 128/215 (59.5%) patients received
antibiotics around the first ICPM placement.
In the group with CSF infection, 10 of 16
patients (62.5%) received antibiotic prophy-
laxis compared with 118 of 199 patients
(59.3%) in the non-infected group (p>0.05).
The choice of antimicrobial agent(s) for
prophylaxis is shown in the figure.

Timing of antibiotic prophylaxis was similar
between both groups (table 2). Duration of
antibiotic prophylaxis (number of doses) as
related to ICPM placement was also compared
in table 2. Most patients who developed an
ICPM related infection received either one
dose (40%) or a specific number of periproc-
edural antibiotic prophylactic doses (30%).

Discussion
The results of our investigation indicate that
prophylactic administration of antibiotics
around ICPM insertion may not be useful in
preventing CSF infection. Similar percentages
of patients in both groups received their first
antimicrobial dose within 2 hours before
ICPM insertion. We also found type of ICPM
(intraventricular v intraparenchymal), CSF
leak, concurrent infection, greater than 5 day
duration, and serial ICPM placement were all
independent risk factors for development of
CSF infection.

Antibiotic administration within 2 hours
before ICPM placement is necessary to allow
for adequate tissue concentrations.18 Whereas
prophylaxis was intended to be administered
within this period, 40% of patients developing
infections and 49.2% (p>0.05) of those

non-infected patients received their first anti-
biotic dose after ICPM placement, potentially
aVecting our results. The diVerence in time
between prescribing an antimicrobial and
administration of the agent in relation to ICPM
insertion must be considered.

The ideal duration of antibiotic prophylaxis
in patients with ICPMs has yet to be identified.
Poon et al reported a decreased incidence of
infection in patients randomised to prophylaxis
for the duration of ICPM placement compared
with perioperative antimicrobial dosing.19 In
our study, the largest percentage (56%) of
patients receiving antibiotics for the duration of
ICPM placement or beyond were in the
non-infected group. Of those infected, most
(70%) received either one dose or a short
course of a specific number of antibiotic doses.
Interestingly, 30% of those patients who devel-
oped CSF infection received prophylaxis for at
least the entire duration of ICPM placement
compared with 55.1% of those who did not
develop CSF infection. Duration of prophy-
laxis had no significant influence on develop-
ment of infection.

The eVect of antibiotic prophylaxis on rate of
ICPM related infections has only been dis-
cussed in small patient populations.2 6 9–11 13–16

Studies with similar numbers of infected versus
non-infected patients receiving prophylaxis
found that the use of antibiotics did not influ-
ence outcome.2 6 14 We also did not find a
significant relation between whether or not
patients received antibiotic prophylaxis and
rate of ICPM related infection. Based on our
microbiology results, prophylaxis with vanco-
mycin and an agent with appropriate gram
negative coverage would be required. However,
broad spectrum antibiotics may favour growth
of nosocomial pathogens and increase anti-
biotic resistance potential.19 20

The most often evaluated risk factor for
ICPM related infection is the duration of
monitoring. Several authors have related length
of time ICPMs were left in place to
infection.2 6 8 9 11 12 14 16 Mayhall et al found a
higher risk of infection in patients with
ventricular catheters in place greater than 5
days.10 We also found that after 5 days or more
of monitoring, an increased risk for infection
occurred in our patient population; however,
we did not evaluate the eVect of catheter
exchange on infection rate. Furthermore, we
excluded all patients with ICPMs in place for
less than 24 hours, which may have aVected
our results as these patients likely represented
the subset with the highest mortality rates.
Additionally, we found the type of ICPM used
had a significant relation to the development of
infection. Although ventricular catheters have a
higher incidence of infection due to deep brain
penetration, they are accurate and reliable
measures of ICP and allow ventricular access
for CSF drainage.21

This study was performed retrospectively
using information obtained from medical
records. A prospective study would have
allowed for more detailed and controlled data
collection. Evaluation of CSF infection was
potentially confounded by the diYculties

Comparison of percentage of antibiotic prophylaxis in all
patients in relation to CSF infection.
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Table 2 Characteristics of antibiotic prophylaxis

Characteristic* (n (%))
Non-infected
(n=118)

Infected
(n=10)

Timing of antibiotic prophylaxis:
>2 hours before ICPM insertion 7 (5.9) 0 (0)
0–2 hours before ICPM insertion 53 (44.9) 6 (60.0)
First dose given after ICPM insertion 58 (49.2) 4 (40.0)

Duration of antibiotic prophylaxis:
One dose before ICPM insertion 30 (25.4) 4 (40.0)
Periprocedural administration 23 (19.5) 3 (30.0)
Entire duration of ICPM placement 41 (34.8) 2 (20.0)
Continued after ICPM discontinued 24 (20.3) 1 (10.0)

*p>0.05.
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inherent in retrospectively distinguishing be-
tween true infection and inflammation. The
study was conducted in a level I trauma centre
with a highly complex neurosurgical depart-
ment; it was assumed that all personnel had
adequate ICPM training and experience.
Another limitation was the inability to assess
influence of tunnelling the catheter tubing on
decreasing rate of infection. Furthermore, the
small sample size of the infected patient group
limited detection of true statistical significance.
An extensive prospective randomised trial is
needed to assess the full impact of antibiotic
prophylaxis.

Conclusion
The patients at greater risk for monitor related
infection within our institution included those
with the following features: duration of moni-
toring greater than 5 days; presence of
ventriculostomy; CSF leak; concurrent infec-
tion; or serial ICPM placement. At our institu-
tion, administration of antibiotics to patients
before or at the time of ICPM placement did
not decrease the incidence of CSF infection.
To conclusively demonstrate whether adminis-
tration of antibiotic prophylaxis in ICPM
placement significantly aVects the risk of CSF
infection, a randomised prospective multicen-
tre study is necessary.

We acknowledge the assistance of Fran Patton, and the late
Catherine Dowling, in keeping records of all patients with
ICPM devices placed at our institution.
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