
High-Dosage Cefazolin Achieves Sufficient Cerebrospinal
Diffusion To Treat an External Ventricular Drainage-Related
Staphylococcus aureus Ventriculitis

Matthieu Grégoire,a,b Benjamin Gaborit,c,d Colin Deschanvres,c Raphaël Lecomte,c Guillaume Deslandes,a Éric Dailly,a,e

Xavier Ambrosi,f Ronan Bellouard,a,e Nathalie Asseray,c Karim Lakhal,f David Boutoillec,d

aClinical Pharmacology Department, CHU Nantes, Nantes, France
bUMR Inserm 1235 The Enteric Nervous System in Gut and Brain Disorders, University of Nantes, Nantes, France
cInfectious Diseases Department, CHU Nantes and CIC 1413, Inserm, Nantes, France
dEA 3826 Thérapeutiques Cliniques et Expérimentales des Infections, University of Nantes, Nantes, France
eEE1701 Microbiotas, Hosts, Antibiotics and Bacterial Resistances, University of Nantes, Nantes, France
fRéanimation Chirurgicale Polyvalente, Service d’Anesthésie-Réanimation, Hôpital Laënnec, CHU Nantes, Nantes, France

ABSTRACT A patient received continuous infusion of cefazolin 10 g then 8 g daily
for an external ventricular drainage-related methicillin-susceptible Staphylococcus au-
reus (MSSA) ventriculitis. Median free concentrations in the cerebrospinal fluid were
11.9 and 6.1 mg/liter after 10- and 8-g doses, respectively. Free concentrations in the
cerebrospinal fluid were always above the MIC usually displayed by methicillin-
susceptible Staphylococcus aureus (MSSA) isolates. These results support the use of
high-dose cefazolin to achieve sufficient meningeal concentrations.
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Recent studies showed that cefazolin is at least as effective as oxacillin or nafcillin for
the treatment of severe methicillin-susceptible Staphylococcus aureus (MSSA) in-

fections (1, 2). External ventricular drainage (EVD)-related ventriculitis and meningitis
are mostly caused by Gram-positive cocci and particularly staphylococci (3). Owing to
the poor diffusion of oxacillin and nafcillin into the meningeal compartment, cefo-
taxime, fosfomycin, and rifampin are currently used in this indication (4). Despite in vitro
activity, the use of cefazolin for MSSA-related meningitis is limited because of its
supposed weak meningeal diffusion due to a high level of protein binding (�85%)
associated with moderate lipophilicity (5). Regarding the antistaphylococcal activity of
this first-generation cephalosporin, data about the use of cefazolin in EVD-related
ventriculitis or meningitis are required.

We herein describe the unique case of a patient treated by continuous intravenous
infusion of cefazolin at high dose (8 to 10 g daily) for an EVD-related MSSA ventriculitis.

A 42-year-old patient (weight, 67 kg) with no medical history was hospitalized for a
subarachnoid hemorrhage requiring an EVD. At day 7, neurological impairment led to
the diagnosis of ventriculitis: glycorrhachia was �1 mmol/liter and cerebrospinal fluid
(CSF) lactate was 8 mmol/liter. An empirical combination of intravenous cefotaxime and
linezolid was introduced. Two days later, as the CSF grew MSSA, the antimicrobial
therapy relied on a continuous intravenous infusion of cefazolin 10 g plus levofloxacin
750 mg daily. The profile of antibiotic susceptibility was determined by the Vitek* 2
automated system (bioMérieux, France): MIC was 0.5 mg/liter for oxacillin and 1.5 mg/
liter for cefotaxime. Moreover, this strain was resistant to co-trimoxazole and rifampin.
CSF collected at the time of the antibiotic switch (i.e., after 2 days of antimicrobial
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therapy) was still positive for S. aureus. Thereafter, CSF was collected every 48 h until
sterilization was achieved, which occurred 48 h after initiation of cefazolin. Then, the
EVD was changed and was removed 13 days later after a progressive weaning. All the
bacteriological cultures performed afterward remained sterile until the end of treat-
ment, 6 weeks later. Glomerular filtration rate estimated by Chronic Kidney Disease-
Epidemiology Collaboration (CKD-EPI) progressively increased from 60 ml/min per 1.73
m2 at cefazolin initiation to 106 ml/min per 1.73 m2 after 6 weeks.

CSF and blood samples were simultaneously collected from day 2 after cefazolin
initiation to day 21. Plasma samples were obtained by centrifugation, and ultrafiltrates
were obtained after CSF or plasma centrifugation at 37°C into a Millipore UFC503024
Amicon Ultra-0.5 (Millipore Merck, Cork, Ireland) for 20 min at 14,000 � g. Cefazolin
concentrations were measured in CSF, plasma, and ultrafiltrates by a liquid-
chromatography mass-spectrometry-validated assay. The limit of quantitation was
2 mg/liter in CSF, plasma, and ultrafiltrates. Clinical and biological data were collected
during patient hospitalization. Written informed consent was obtained from the patient
for this publication.

Median total plasma concentrations at steady state (Css) were 118 mg/liter with the
10-g dose and 66.5 mg/liter with the 8-g dose (Fig. 1). The patient was switched to a
lower dose because of elevated plasma Css after a 10-g daily dose. These results are
presented in Table 1. Median free fraction was 22% after a 10-g dose but only 13% after
an 8-g dose. Conversely, diffusion of the free fraction through the blood-brain barrier
showed significant intraindividual variability, and CSF/plasma free Css (fCss) ratio de-
creased with the dose, from 73% after 8 g to 54% after 10 g. fCss in CSF was
11.9 mg/liter after a 10-g dose and 6.1 after an 8-g dose. Cefazolin, as a �-lactam,
displays time-dependent activity. Hence, its efficacy relies on the percentage of time
with a free drug concentration above the MIC of the bacteria (% fT�MIC) over a dosing
interval. Considering that MSSA strains usually display MICs of �2 mg/liter according to
the epidemiological cutoff values of the European Committee on Antimicrobial Sus-
ceptibility Testing, the fCss in CSF in this study was above the MIC throughout the
treatment, as usually targeted (100% fT�MIC) (6).

In this case of a patient treated with continuous infusion of cefazolin for an

FIG 1 Pharmacokinetics of cefazolin in cerebrospinal fluid (squares) and plasma (circles) after a 10-g dose
followed by an 8-g dose. Total concentrations are represented by continuous lines and unbound by
dashed lines.

TABLE 1 Cefazolin concentrations in plasma and cerebrospinal fluid after 8 or 10 g daily administered in continuous infusion

Parameter

Cefazolin concentration (median [interquartile range]) after:

10 g/day 8 g/day

Plasma (n � 5) CSF (n � 5) CSF/plasma ratio (%) Plasma (n � 5) CSF (n � 6) CSF/plasma ratio (%)

Total concentration (mg/liter) 118 (10) 12 (1.8) 12.0 (0.9) 66.5 (6.6) 6.1 (1.8) 10.0 (1.3)
Free concentration (mg/liter) 26.2 (8.9) 11.9 (1.7) 54.1 (9.97) 8.5 (1.4) 6.1 (1.4) 73.1 (26.3)
Free fraction (%) 22.2 (6.4) 86.4 (4.0) 12.9 (0.1) 79.7 (24.3)
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EVD-related ventriculitis, the targeted fCss in the CSF above MIC was achieved for MSSA
strains, which usually display MICs of �2 mg/liter (100% fT�MIC), provided that a high
dose (at least 8 g/day administered by continuous infusion) was used. During EVD-
related ventriculitis and meningitis, the degree of meningeal inflammation is variable
and known to have a large impact on antibiotic penetration (7, 8). This case highlights
the important intraindividual variability of cefazolin plasma concentrations (particularly
free-fraction concentration in critically ill patients) and the variability of CSF diffusion in
case of infection with inconstant inflammation. In addition, it demonstrates the lack of
linearity of the dose-concentration relationship in critically ill patients (9). Two previous
studies reported high cefazolin CSF concentrations in patients not treated for menin-
gitis and experiencing neurological adverse events. (10, 11). Of note, to the best of our
knowledge, cefazolin pharmacokinetics in patients treated for meningeal infection has
not been reported. Of course, our results need to be confirmed by a larger pharma-
cokinetics study. Moreover, a specific clinical investigation should address whether a
cefazolin-based treatment of MSSA meningitis is suitable, because the success of this
approach may depend on the inoculum effect, even if cefazolin meningeal diffusion is
sufficient (12).

These preliminary findings show that cefazolin may be an alternative to cefotaxime,
fosfomycin, or rifampin in EVD ventriculitis or meningitis. Indeed, its meningeal diffu-
sion appeared to be sufficient. However, in critically ill patients, inter- and intraindi-
vidual variations in plasma and CSF cefazolin concentrations mandate close monitoring
of these concentrations.
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