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There are currently few or no published data on the amount of cerebrospinal fluid (CSF) penetration of
daptomycin in patients with suspected or documented neurosurgical infections. We conducted a prospective
study, assessing the pharmacokinetics and CSF penetration of a single intravenous daptomycin dose admin-
istered at 10 mg/kg, based on total body weight (TBW), in six neurosurgical patients with indwelling external
CSF shunts with suspected or documented meningitis or ventriculitis. Each patient had four blood and CSF
samples drawn simultaneously at specific times after the end of infusion: 30 min, 6 h, 12 h, and 24 h.
Pharmacokinetic parameters of daptomycin in serum were calculated using standard noncompartmental
methods, and daptomycin was assayed using high-performance liquid chromatography (for serum) or liquid
chromatography with mass spectrometry (for CSF). The mean (� standard deviation [SD]) maximum mea-
sured daptomycin concentrations were 93.7 � 17.3 mg/liter in serum at 0.5 h postinfusion and 0.461 � 0.51
mg/liter in CSF at 6 h postinfusion. The mean (� SD) daptomycin minimum concentrations were 13.8 � 4.8
mg/liter in serum at 24 h postinfusion and 0.126 � 0.12 mg/liter in CSF at 0.5 h postinfusion. The mean
daptomycin penetration, determined by the area under the concentration-time curve in CSF (AUCCSF)/
(AUCserum ratio), was 0.8%. Corrected for protein binding, the overall CSF penetration was 11.5%. Additional
pharmacokinetic studies evaluating multiple and/or higher dosages of daptomycin are necessary in human
subjects to better characterize the CSF penetration of daptomycin in neurosurgical patients.

Infections of the central nervous system (CNS) in neurosur-
gical patients are a serious complication associated with high
morbidity, mortality, and prolonged length of stay in the in-
tensive care unit (ICU) (38, 40). Typically, neurosurgical de-
vices such as external and internal ventricular cerebrospinal
fluid (CSF) drains may lead to infections in these patients.
Multidrug-resistant Gram-positive organisms, particularly
methicillin-resistant Staphylococcus aureus (MRSA), are be-
coming increasingly problematic pathogens in patients with
neurosurgical infections (17, 22, 25). Treatment of these infec-
tions poses challenges not only due to antimicrobial resistance
but also due to the difficulty in achieving therapeutic concen-
trations at the site of infection primarily due to the presence of
the blood-brain barrier (6, 27).

Daptomycin may be a potential option for the treatment of
infections due to multidrug-resistant Gram-positive pathogens.
It is currently approved by the U.S. Food and Drug Adminis-
tration (FDA) at 4 mg/kg/day and 6 mg/kg/day for the treat-
ment of skin and soft structure infections and S. aureus bacte-
remia, including right-sided endocarditis, respectively (3, 15).
Based upon its concentration-dependent activity, higher dos-

ages may increase the degree and rapidity of bacterial killing,
especially for hard-to-treat infections such as those of the CNS
(1, 37). Case reports and postmarketing surveillance data sug-
gest that higher dosages of daptomycin (range, �6 to 10 mg/
kg/day) may be safe and efficacious (14, 20, 23, 24, 29).

There are currently few or no published data on the phar-
macokinetics of daptomycin at doses as high as 10 mg/kg. In
addition, no human studies have explored the extent of CNS
penetration in adults. The purpose of this study was to assess
the pharmacokinetics and CNS penetration of a single intra-
venous (i.v.) daptomycin dose administered at 10 mg/kg in
patients with indwelling external CSF shunts who had sus-
pected or documented meningitis or ventriculitis.

MATERIALS AND METHODS

This was a prospective, nonrandomized study conducted in the neurointensive
care unit (NICU) at Detroit Medical Center (Detroit, MI), a level I trauma
center, from 2008 to 2010. The study protocol was approved by the Human
Investigation Committee, and written informed consent was obtained for each
patient. Inclusion criteria for adult patients included the presence of an indwell-
ing external CSF access device (i.e., ventriculostomy or lumbar drain), creatinine
clearance �30 ml/min, and the presence of inflamed meninges as a result of
documented or suspected meningitis or ventriculitis. Patients with both clinical
symptoms (fever, headache, meningismus, and altered mentation) and labora-
tory parameters (CSF leukocytosis, defined as a CSF white blood cell count
[WBC] of �100/mm3, elevated CSF protein, defined as CSF protein of �100
mg/dl, reduced CSF glucose, defined as CSF glucose of �40 mg/dl, or a positive
CSF Gram stain or culture) indicative of CNS infection were deemed to have
definitive bacterial meningitis/ventriculitis. Inflamed meninges were defined as
the presence of �5 leukocytes/mm3 of CSF. Patients experiencing either clinical
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symptoms alone or at least one of the aforementioned laboratory signs of CNS
infection were classified as having suspected meningitis/ventriculitis. Exclusion
criteria included patients with conditions known or suspected to alter pharma-
cokinetics (i.e., burn or cystic fibrosis patients), patients already receiving dap-
tomycin for empirical or documented infection, patients with impaired renal
function (defined as serum creatinine of �20% baseline), pregnancy, hypersen-
sitivity to daptomycin, or significantly elevated creatine phosphokinase (CPK)
levels at baseline (defined as �250 U/liter). Daptomycin was administered as a
single dose at 10 mg/kg, based on total body weight (TBW), over a 30-min i.v.
infusion.

Each patient had four blood (5 to 10 ml) and CSF (1 ml) samples drawn
simultaneously at specific times after the end of infusion: 30 min, 6 h, 12 h, and
24 h. After each blood draw, patients were monitored for any signs or symptoms
associated with bleeding or discomfort. Side effects, including dose-related tox-
icities (i.e., elevated CPK and myopathy) were assessed at baseline and post-drug
infusion. Initial patient demographic data were collected upon enrollment into
the study.

The pharmacokinetic parameters of daptomycin in the serum were calcu-
lated using standard noncompartmental methods (4). The elimination rate
constant (kel) and half-life (t1/2) were determined by log-linear regression
analysis of the terminal portion of the serum concentration-time curve. All
four measured concentrations were used in the estimation of kel, with a
correlation coefficient ranging from 0.95 to 0.99 for the ln(concentration)-
time relationship in individual subjects. Both AUC24 h and AUC0-� were
calculated for plasma data, with the AUC0-� used in the calculation of serum
clearance. However, AUC0-� could not be calculated for CSF concentrations,
since an accurate assessment of the elimination rate constant in CSF could
not be made. Therefore, AUC24 h was used to calculate the CSF/serum ratio.
Clearance in the serum (CLS) and CSF (CLCSF) was calculated as dose/
AUC0-�, while the apparent volume of distribution was calculated as Cl/kel.

Peak concentrations of drug in serum and CSF and the time from the end of
infusion to peak concentrations in the serum and CSF were derived from the
concentration-versus-time curve. The percent meningeal penetration was de-
termined by the AUCCSF/AUCserum ratio. Due to the minimal protein pres-
ent in the CSF and the high level of daptomycin protein binding (92%) (13),
we determined the CSF penetration after correcting for protein binding as
follows: % penetration � [(AUCCSF)/(fAUCserum)] � 100% (21).

Daptomycin was assayed in serum using a high-performance liquid chromato-
graphic (HPLC) method based on that described by Dvorchik et al. (10). Briefly,
samples were processed by the addition of 0.1% formic acid in methanol to
precipitate plasma proteins. Following centrifugation, the supernatant was trans-
ferred to autosampler vials and injected. An isocratic mobile phase of 35%
acetonitrile with 65% ammonium phosphate buffer (0.5%) was used at a flow
rate of 1.0 ml/min. A Nova-Pak C8 column (3.9 by 150 mm; Waters) was used for
separation. Daptomycin was detected at a wavelength of 224 nm (Waters 2996
photodiode array detector). The standard curve had an r2 of 0.995 and a be-
tween-day coefficient of variation of 6.7%. CSF samples were extracted using
solid-phase extraction (HLB 1-ml/30-mg cartridge; Waters) and were assayed by
Cubist Pharmaceuticals, Inc., using liquid chromatography with tandem mass
spectrometry (LC/MS-MS), since concentrations were below the limit of detec-
tion for the conventional HPLC method. The LC/MS-MS instrumentation in-
cluded an Applied Biosystems API-4000 coupled with an Agilent 1100 quater-
nary pump and a Leap CTC autosampler. The daptomycin analogue CB-183253
was used as the internal standard. The calibration curve ranged from 0.025 to 5.0
�g/ml. For the quality control samples at low (0.075 �g/ml), middle (0.5 �g/ml),
and high (4.0 �g/ml) concentrations, the coefficient of variation ranged from 2.2
to 5.1%, while the accuracy was �9.3 to 15.4.

RESULTS

Six adult neurosurgical patients (four females and two
males) were enrolled in the study. Daptomycin administration
and the serum and CSF collection procedures were well toler-
ated, with no adverse events noted postinfusion of daptomycin.
No CPK elevations (postinfusion range, 150 to 243 IU/liter)
were noted in those patients with baseline CPK levels drawn
(n � 4), with no patients experiencing myopathy or rhabdo-
myolysis. The median dose of daptomycin administered was
725 mg (range, 650 to 1,500 mg). Individual patients’ baseline
characteristics are displayed in Table 1. All six patients had
underlying CNS diseases, including subarachnoid hemor-
rhage (n � 4), intracerebral hemorrhage (n � 1), and trau-
matic brain injury (n � 1). Five out of the six patients were
administered antibiotics prior to and with daptomycin. All
six patients required an indwelling CSF device during hos-
pitalization in the ICU.

The mean (� SD) daptomycin serum concentrations at 0.5,
6, 12, and 24 h postinfusion were 93.7 � 17.3 mg/liter, 43.3 �
13.5 mg/liter, 27.0 � 10.0 mg/liter, and 13.8 � 4.8 mg/liter,
respectively. The mean (� SD) daptomycin CSF concentra-
tions at 0.5, 6, 12, and 24 h postinfusion were 0.126 � 0.120
mg/liter, 0.461 � 0.51 mg/liter, 0.442 � 0.45 mg/liter, and
0.221 � 0.150 mg/liter, respectively.

The mean (� SD) daptomycin exposures (AUC24 h values)
were 906.0 � 219.6 mg h/liter for serum and 8.3 mg h/liter for
CSF, with a mean penetration ratio of 0.008, i.e., 0.8%. After
correcting for daptomycin protein binding, the penetration of
daptomycin into the CSF was determined to be 11.5% (21).
The pharmacokinetic parameters for daptomycin in serum and
CSF are reported in Table 2. Since there are limited data on
the pharmacokinetics of high-dose daptomycin in obese pa-
tients, a subanalysis was performed on a 43-year-old morbidly

TABLE 1. Individual patients’ demographics and
characteristics at baseline

Patient Age (yr) Gender Wt (kg) Daptomycin
dose (mg)

Creatinine
clearance
(ml/min)

APACHE-II
severity

score

1 26 Female 70 700 127.2 12
2 45 Male 65 650 142.9 6
3 62 Female 63.2 650 78 8
4 50 Female 78 800 30 22
5 44 Female 157 1,500 92.3 14
6 67 Male 75 750 92.5 16

TABLE 2. Daptomycin pharmacokinetic parameters

Patient AUC24 h, serum
(mg h/liter)

AUC, CSF
(mg h/liter)

AUC ratio
(CSF/serum) Clearance (ml/h/kg) V (liters/kg) t1/2 (h) k (1/h)

1 838.8 1.01 0.001 9.66 0.15 10.6 0.065
2 676.3 3.61 0.005 13.68 0.13 6.5 0.107
3 1,001.3 17.12 0.017 9.00 0.10 7.4 0.094
4 690.9 1.47 0.002 10.49 0.13 8.3 0.083
5 970.0 7.40 0.008 8.86 0.11 8.4 0.083
6 1,258.5 19.35 0.015 6.38 0.10 10.4 0.067
Mean 906.0 8.3 0.008 9.7 0.12 8.6 0.083
SD 219.6 8.0 0.007 2.4 0.02 1.6 0.016
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obese African-American female (height, 65 in.; TBW, 157 kg;
BMI, 57.6 kg/m2) who was administered a single i.v. dose of
1,500 mg of daptomycin. Nonobesity was defined as a BMI of
18 to 24.9 kg/m2, and morbid obesity was defined as a BMI
of �40 kg/m2. Comparisons of pharmacokinetics in the five
nonobese patients versus the obese patient revealed similar
results. The AUC24 in serum and CSF in the nonobese patients
averaged 893.1 mg h/liter and 8.5 mg h/liter, respectively, ver-
sus 970 mg h/liter and 7.40 mg h/liter, respectively, in the obese
individual. The clearance, Vd, and t1/2 were also similar among
the five nonobese patients versus those of the obese individual,
with parameters as follows: clearance, 9.8 ml/h/kg versus 8.9
ml/h/kg; Vd, 0.12 liters/kg versus 0.11 liters/kg; and t1/2, 8.6 h
versus 8.4 h. Figure 1 shows individual serum concentrations
over time, illustrating that by providing a dose based on TBW,
serum concentrations of daptomycin in the obese patient were
quite similar to those found in nonobese patients.

DISCUSSION

This is the first study evaluating daptomycin CSF pharma-
cokinetics in humans. Limited studies have assessed daptomy-
cin CSF penetration in animal models. All animal models have
evaluated daptomycin penetration after a single 15-mg/kg
dose, which is equivalent to 6 mg/kg in humans (8). Cottag-
noud et al. demonstrated in a rabbit pneumococcal meningitis
model that the penetration into inflamed meninges ranged
from 4.37 to 7.53% after a single dose of 15 mg/kg of dapto-
mycin. The CSF daptomycin level peaked at 5.2 mg/liter at
hour 4 and then decreased to 3.2 mg/liter at hour 8 (8). Fur-
thermore, Gerber et al. revealed that in a methicillin-suscep-
tible S. aureus (MSSA) rabbit meningitis model the penetra-
tion of a single dose of 15 mg/kg of daptomycin was 5% into
inflamed meninges versus 2% into noninflamed meninges (16).
The addition of dexamethasone significantly reduced the pen-
etration from 6% to 2% after a single 15-mg/kg dose of dap-

tomycin into a rabbit pneumococcal meningitis model (12).
Most recently, Riser et al. reported on the CSF penetration of
daptomycin dosed at 9 mg/kg/day in a 54-year-old patient with
suspected MSSA meningitis. The investigators drew a single
serum and CSF trough concentration prior to the third dose,
revealing concentrations of 11.21 mg/liter and 0.52 mg/liter,
respectively, and concluded that the CSF penetration of dap-
tomycin was approximately 5% (35).

Our results revealed that the mean daptomycin peak CSF
concentration of 0.461 mg/liter achieved 6 h postinfusion was
significantly lower in humans (mean penetration of 0.8% as
determined by the AUCCSF/AUCserum ratio) than that previ-
ously reported in animal studies. The differences in penetra-
tion in our study versus that in the animal studies could be due
to the variations in the degree of inflammation of the meninges
in our six human subjects, which may have influenced the
penetration of daptomycin into the CSF. Furthermore, five out
of the six patients were on effective meningitis antibiotics prior
to and with daptomycin, which would affect meningeal inflam-
mation. However, if we account for the potential differences in
protein binding between CSF and serum, the CSF penetration
of daptomycin was 11.5%.

Antibiotic penetration into the CSF is highly variable and
dependent upon the lipophilic properties of the drug, its mo-
lecular size, its protein binding, and the degree of meningeal
inflammation. Previous studies with various other antibiotics
report a wide range of achievable penetration. For instance,
the penetration of penicillin in the CSF, even with inflamed
meninges, has ranged from 2 to 15% (9, 19, 30, 36, 39),
whereas vancomycin penetration has ranged from 14 to 30%
depending on meningeal inflammation (2, 7, 32, 34), and
broad-spectrum cephalosporins, such as cefotaxime and ceftri-
axone, have had limited CSF penetration, with a range of 4 to
17% (18, 33). Accordingly, the preferred antimicrobial to treat
CNS infections is small and moderately lipophilic and has a low
level of protein binding (30).

Another important variable for antimicrobials used for the
treatment of meningitis is the relationship of the achievable
CSF concentration to the infecting pathogen’s MIC. Daptomy-
cin MICs for Gram-positive organisms (e.g., S. aureus, S. pneu-
moniae, etc.) generally range between 0.1 and 1 mg/liter. CSF
concentrations below those achieved in the serum may be
adequate for microbiological eradication when the MICs are
low. Lipman et al. (26) reported clinical improvement in a
patient treated with high dosing (400 mg i.v. every 8 h) of
ciprofloxacin for Pseudomonas aeruginosa meningitis, with CSF
concentrations peaking at 0.9 mg/liter and persisting 1 week
later. The authors suggested that higher dosing of the cipro-
floxacin might yield severalfold-higher peak concentrations
over the MIC and ultimately improve the killing activity of the
drug. Given the concentration-dependent characteristics of
daptomycin, a study evaluating doses of �10 mg/kg/day would
be helpful to determine whether higher peak CSF concentra-
tions are achievable.

Although we did not observe CPK elevations or signs and
symptoms of muscle toxicity after the single 10-mg/kg dose in
our patient group, these patients were monitored for only a
short period of time (pre- and post-daptomycin infusion), and
thus it is possible that a delayed reaction may have occurred
which was unnoticed. However, there are not only safety data

FIG. 1. Serum concentrations of daptomycin in an obese patient
and nonobese patients (n � 5) following administration of a single
10-mg/kg dose based on TBW.
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available for dosages up to 12 mg/kg/day in healthy volunteers
(5) but also several studies that have evaluated the safety of
daptomycin in patients at doses exceeding 6 mg/kg/day (range,
�6 to 10 mg/kg/day). In a majority of these studies, patients
have tolerated high-dose daptomycin for relatively long treat-
ment periods without significant changes in CPK or signs and
symptoms of muscle toxicity (14, 21, 24, 28, 29).

There are limited pharmacokinetic data for daptomycin in
obese patients, especially at higher than currently recom-
mended doses. Our results with a 10-mg/kg dose are similar to
the findings of the few analyses performed on obese patients at
lower doses. Dvorchik and Damphousse evaluated the phar-
macokinetics of daptomycin dosed at 4 mg/kg according to
TBW in six moderately obese, morbidly obese, and matched
nonobese patients (11). The authors found that the TBW-
normalized drug clearance was 20 to 25% lower in the mor-
bidly obese subjects than in the nonobese subjects (7.82 ml/
h/kg versus 10.19 ml/h/kg; P � 0.05). Likewise, the TBW-
normalized Vd was significantly lower in the morbidly obese
group than in the nonobese group (0.09 liters/kg versus 0.11
liters/kg; P � 0.05). Dvorchik and Damphousse concluded that
daptomycin should be dosed based on TBW, with no adjust-
ments necessary for obese patients. We found similar drug
clearances in the obese patient and the nonobese patients
when adjusted for TBW (8.9 ml/h/kg versus 9.8 ml/h/kg). Ad-
ditionally, the AUC and Cmax were higher in the obese patient
than in the nonobese patients, since the obese patient received
a higher dose of daptomycin; however, the half-lives and clear-
ance were similar among the two populations. This similarity in
half-life suggests that the same dosing interval may be appro-
priate for obese and nonobese patients.

Pai and colleagues performed a similar study; however, they
used the four-variable modification of diet in renal disease
(MDRD) equation to determine glomerular filtration rate
(GFR) (31). The authors found that the mean absolute volume
was 22% higher and the total serum daptomycin clearance was
12% higher in the morbidly obese group than in the normal-
weight group. The authors concluded that administering dap-
tomycin based on TBW in morbidly obese patients correlated
best with the volume of distribution.

In conclusion, we found that a single dose of i.v. daptomycin
dosed at 10 mg/kg had minimal penetration into the CSF in
patients with suspected or documented meningitis. Further-
more, we determined that daptomycin based on TBW, even at
higher doses, may be appropriate in obese patients. Additional
pharmacokinetic studies in obese patients and evaluating mul-
tiple and/or higher dosages of daptomycin are necessary in
human subjects in order to better characterize the CSF pene-
tration of daptomycin in neurosurgical patients.
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