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Objectives: To describe the unbound and total flucloxacillin pharmacokinetics in critically ill patients and to
define optimal dosing strategies.

Patients and methods: Observational multicentre study including a total of 33 adult ICU patients receiving
flucloxacillin, given as intermittent or continuous infusion. Pharmacokinetic sampling was performed on two
occasions on two different days. Total and unbound flucloxacillin concentrations were measured and analysed
using non-linear mixed-effects modelling. Serum albumin was added as covariate on the maximum binding
capacity and endogenous creatinine clearance (CLCR) as covariate for renal function. Monte Carlo simulations
were performed to predict the unbound flucloxacillin concentrations for different dosing strategies and different
categories of endogenous CLCR.

Results: The measured unbound concentrations ranged from 0.2 to 110 mg/L and the observed unbound frac-
tion varied between 7.0% and 71.7%. An integral two-compartmental linear pharmacokinetic model based on
total and unbound concentrations was developed. A dose of 12 g/24 h was sufficient for 99.9% of the population
to achieve a concentration of >2.5 mg/L (100% fT>5%MIC, MIC = 0.5 mg/L).

Conclusions: Critically ill patients show higher unbound flucloxacillin fractions and concentrations than
previously thought. Consequently, the risk of subtherapeutic exposure is low.

Introduction

Flucloxacillin is the preferred treatment for MSSA infections.1,2

Flucloxacillin is typically dosed 6–12 g daily as continuous infusion
or as intermittent infusion.1,3,4 Over the past decades it has be-
come clear that critically ill patients demonstrate highly variable
pharmacokinetics, which makes optimal dosing of antibiotics
such as flucloxacillin challenging.4,5 This is of paramount clinical
relevance, as inadequate antimicrobial dosing may increase the
risk of clinical failure or result in toxicity.6,7

Flucloxacillin is mainly excreted unchanged in the urine by
glomerular filtration and tubular secretion, and, to a limited extent,
metabolized in the liver.8 Therefore, renal function should be taken

into account when dosing. The lack of knowledge on prediction of
renal flucloxacillin clearance is likely complicated by the difficulties
of estimating renal function in critically ill patients, due to declined
muscle mass, sepsis and fluid retention, among other factors.9

Estimation of glomerular filtration rate (eGFR) based on plasma
creatinine is currently the most used method. As creatinine is
dependent on muscle mass, it does not accurately reflect GFR in
critically ill patients. Cystatin C is known to provide better estima-
tions of GFR.9,10 eGFR with cystatin C combined with creatinine is
found to describe variability in flucloxacillin clearance best in non-
critically ill patients.11 It is still unknown whether eGFR based on
cystatin C is a better predictor of flucloxacillin clearance in critically
ill patients.
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Flucloxacillin is approximately 95%–97% protein bound
in healthy volunteers, mainly to albumin.1,12 In hospitalized
patients, protein binding varies between 63% and 97%.4,11

Hypoalbuminaemia, frequently observed in critically ill patients, is
known to alter flucloxacillin protein binding.3,4,13 It is important to
fully characterize the extent of protein binding in this patient
population.

The efficacy of flucloxacillin is driven by the time that the un-
bound drug concentration remains above the MIC of the targeted
pathogen (fT>MIC).14 A target of 100% fT>1–5%MIC is often used in
the critically ill population.15,16 Although b-lactam antibiotics are
thought to have a wide therapeutic window, there is increasing evi-
dence that critically ill patients are at risk for both subtherapeutic
exposure, as well as toxicity.4,7,17 Flucloxacillin has been associated
with nephrotoxicity and neurotoxicity. Only neurotoxicity has been
described to be concentration dependent.7,18 A total flucloxacillin
concentration of 125 mg/L and an unbound concentration
of 20 mg/L have been associated with an increased likelihood
of neurotoxicity, probably mediated by interference with the
gamma-aminobutyric acid.7,18

In view of the expected changes in pharmacokinetics of fluclox-
acillin in critically ill patients and the necessity of dose individualiza-
tion, it is pivotal to study its pharmacokinetics in this specific group.
The objective of the present study was to describe the unbound
and total flucloxacillin pharmacokinetics in critically ill patients and
to evaluate different dosing regimens in critically ill patients.

Patients and methods

Study design

A prospective observational pharmacokinetic study was performed in
patients treated with flucloxacillin IV therapy as part of routine clinical care
in three ICUs. The research was conducted in accordance with the
Declaration of Helsinki, and national and institutional standards. The study
was registered at ClinicalTrials.gov (identifier NCT02993575).

Study design justification
A stochastic simulation and estimation of 500 virtual pharmacokinetic stud-
ies, based on a previously developed pharmacokinetic model for unbound
concentrations of flucloxacillin in ICU patients,3 was performed to evaluate
the study design a priori. Pharmacokinetic sampling was performed on two
occasions with an interval of 48 h. Patients could enter the study on any
given moment after start of treatment. For patients on an intermittent dos-
ing regimen, samples were drawn on Day 1 of the study at t = 0 h (pre-dose)
and t = 0.25, 0.5, 1, 1.5, 2 and 3 h after completion of a 30 min infusion, and
on Day 3 at t = 0 h (pre-dose) and t = 0.5 and 2 h after infusion. For patients
on a continuous dosing regimen, three samples (every 8 h) were drawn on
both Day 1 and Day 3 of the study. A sample size of 30 patients, of which 20
patients (with a total of 200 samples) were on an intermittent dosing and
10 patients (60 samples) on a continuous dosing regimen, resulted in an ac-
curate and precise estimation of the pharmacokinetic parameters (relative
bias and imprecision <15%).

Study population
Patients admitted to the ICU who were treated with flucloxacillin IV
therapy were eligible for inclusion if they were �18 years of age and
if they were managed with a central venous or arterial catheter to
facilitate blood sampling. Dose, duration and administration mode of
flucloxacillin therapy were determined by the attending physician as a
part of routine clinical care.

Data collection
Demographic, biochemical and microbiology data were collected from the
medical charts of patients, including age, sex, total body weight, height,
Acute Physiology and Chronic Health Evaluation II (APACHE II), Sequential
Organ Failure Assessment (SOFA), renal replacement therapy, indication for
flucloxacillin use, identified pathogen and drug dose history. Biochemical
data included serum albumin, creatinine, cystatin C and urine creatinine
(collected from urine over a 24 h interval).

Bio-analysis of total and unbound flucloxacillin plasma
concentrations
Total and unbound flucloxacillin plasma concentrations were analysed
using a validated ultra-performance liquid chromatography coupled with
tandem mass spectrometry (XEVO TQ-S, Waters). The unbound fraction of
flucloxacillin was obtained by ultrafiltration at 37�C. The assay was vali-
dated in the range of 0.4–125 mg/L and 0.1–50 mg/L for total and unbound
concentrations, respectively. The accuracy range was 100.5%–107.6% for
total flucloxacillin concentrations and 99.8%–105.2% for unbound concen-
trations. Within-day precision varied between 2.7% and 5.4% for total flu-
cloxacillin and between 1.9% and 7.1% for unbound flucloxacillin.
Between-day precision varied between 0.6% and 1.3% for total flucloxacil-
lin and between 0.8% and 2.9% for unbound flucloxacillin.

Pharmacokinetic analysis
Population pharmacokinetic analysis of flucloxacillin was performed with
non-linear mixed-effects modelling using the software package NONMEMVR

(version 7.4.1). The first-order conditional estimation method, with inter-
action between random effects and residual variability, was used through-
out model building. All clearance and volume parameters were
allometrically scaled to a standardized fat-free mass of 58.2 kg, corre-
sponding to a 1.80 m adult male of 70 kg, a priori, with allometric exponents
of 0.75 and 1, respectively.19 The inter- and intra-individual variability was
assumed to be log-normally distributed. Parameter precision was calcu-
lated using the sampling importance resampling procedure as described
previously.20

An integral pharmacokinetic model for total and unbound flucloxacillin
pharmacokinetics was developed. The pharmacokinetic parameters were
estimated from the unbound flucloxacillin concentrations. The relationship
between unbound and bound flucloxacillin concentrations was described
by the following equations, as described previously:11

Ctotal ¼ Cunbound þ Cbound (1)

Cbound ¼ ðCunbound � BmaxÞ = ðKd þ CunboundÞ (2)

In Equations 1 and 2, Ctotal is the total flucloxacillin concentration, Cunbound

is the unbound flucloxacillin concentration, Cbound is the protein bound con-
centration, Bmax is the maximum binding capacity and Kd is the equilibrium
dissociation constant.

Continuous renal replacement therapy (CRRT) and various glomeru-
lar filtration estimation (eGFR) equations were tested as covariates for
clearance: Modification of Diet in Renal Disease (MDRD),21 Chronic
Kidney Disease Epidemiology Collaboration based on serum creatinine
(CKD-EPIcreat),

22 based on serum cystatin C (CKD-EPIcysC),10 and on both
serum creatinine and serum cystatin C (CKD-EPIcreat-cysC),10 the
Cockcroft and Gault formula,23 and 24 h urine creatinine clearance
(CLCR). Serum albumin, blood urea nitrogen and bilirubin were tested as
covariates on Bmax.

Structural model selection and covariate analysis were guided by
physiological plausibility and objective function value (OFV). A decrease of
>3.84 points in OFV, corresponding to a significance level of P<0.05 for
nested models, was considered statistically significant in univariate testing.

Flucloxacillin pharmacokinetics in critically ill JAC
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Dose optimization studies
The final model was used to perform Monte Carlo simulations to predict the
unbound flucloxacillin concentration. We simulated with anonymized data
of 5000 ICU patients. Three different dosing regimens were predicted on
Day 4 after start of therapy with 6, 8 and 12 g daily as continuous infusion.
The unbound steady-state flucloxacillin concentration was predicted for dif-
ferent categories of CLCR: <10, 10–30, 30–50, 50–90, 90–130, and >130 mL/
min. The target MIC was based on the epidemiological cut-off value from
the MIC distribution of cloxacillin for MSSA according to EUCAST: 0.5 mg/L.24

The MIC distribution of flucloxacillin for MSSA is lacking, but is suggested to
be similar to cloxacillin.25 In addition, an MIC of 2 mg/L was evaluated.24 A
target flucloxacillin concentration of 100% fT>MIC and 100% fT>5%MIC was
used.

An upper limit of 20 mg/L, which is 10% an MIC of 2 mg/L, was
chosen.17,18 A concentration of more than 20 mg/L is not likely to result in
extra therapeutic value.

Results

Patient characteristics

Thirty-three patients were enrolled in the pharmacokinetic study
(Table 1). Median age was 59 years old (range 30–83 years old).
Median APACHE II score was 19 (range 7–42). A total of 85% (28
out of 33) of patients had a serum albumin <25 g/L. The majority of
the patients was treated with flucloxacillin for bloodstream, re-
spiratory or skin infections caused by Staphylococcus aureus, at
doses ranging from 4 to 12 g daily. The dosing interval for patients
receiving intermittent infusion was 4–6 h and the infusion duration
was <60 min. A total of 238 total and 235 unbound flucloxacillin
plasma concentrations were collected. The median observed un-
bound fraction was 18.9% (range 7.0%–71.7%). The unbound frac-
tion increased when the unbound flucloxacillin concentration
increased (Spearman’s correlation r=0.85, P<0.001, Figure 1).

Flucloxacillin pharmacokinetics

A two-compartmental linear pharmacokinetic model fitted the
data best. Separate proportional error models for both the
unbound and total concentrations were used. Residual error correl-
ation between unbound and total concentrations could not
be estimated. Inter-individual variability could be identified for
clearance, central volume of distribution and Bmax. Intra-individual
variability could be identified for clearance. Parameter estimates of
the model are shown in Table 2.

In line with previous findings4,11 and the observations in Figure
1, protein binding showed to be saturable. As flucloxacillin is pre-
dominantly bound to albumin, serum albumin was added as a lin-
ear covariate for Bmax (Equation 3), in agreement with the
observed inverse relationship in Figure 2:

Bmax ¼ h Bmax þ serum albumin� h alb (3)

Introduction of serum albumin as a covariate for Bmax decreased
the objective function with 8 points. The inter-individual variability
in Bmax decreased from 28.2% to 25.5%.

Various equations for eGFR were tested as continuous covari-
ates for renal clearance, assuming a linear relationship:

CL ¼ h CLnon�renal þ eGFR� h CLrenal (4)

The introduction of eGFR as a covariate for clearance of unbound
flucloxacillin improved the model fit. Except for CKD-EPIcreat, all
eGFR algorithms improved the model significantly. Although the
relative differences in model fit for the different eGFR algorithms
was marginal, the model using the 24 h urine CLCR was chosen as
the final model, because this equation resulted in the greatest re-
duction in objective function and explained most inter-individual
variability in clearance as this variability decreased from 117% to
64.4%. Blood urea nitrogen and bilirubin could not be identified as

Table 1. Patient and clinical characteristics at baseline

Evaluable patients
(n = 33), median (range)

Demographics

sex, n

male 24

female 9

age (years) 59 (30–83)

total body weight (kg) 79 (53–135)

height (cm) 176 (159–192)

Clinical characteristics

APACHE II score 19 (7–42)

SOFA score 9 (2–24)

creatinine (lmol/L) 106 (38–352)

cystatin C (mg/L) 1.46 (0.79–8.24)

24 h urine CLCR (mL/min) 65 (0–273)

CRRT, n 7

albumin (g/L) 18 (8–30)

blood urea nitrogen (mmol/L) 12 (3–34)

total bilirubin (lmol/L) 5 (2–81)

administration mode, n

intermittent infusion 23

continuous infusion 10

flucloxacillin daily dose, n

4000 mg 4

6000 mg 10

8000 mg 1

9000 mg 1

12 000 mg 17

duration of flucloxacillin before

start of study (days)

1 (0–26)

Microbiological characteristics

indication, n

bacteraemia 12

skin infection 6

pneumonia 6

endocarditis 5

other 4

Pathogen, n

Staphylococcus aureus 21

other 3

unknown 9
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Figure 1. Unbound fraction flucloxacillin versus unbound flucloxacillin concentrations.

Table 2. Pharmacokinetic parameter estimates of the base and final model

Parameter estimates (95% CI)

base model MDRD
Cockroft–

Gault CKD-EPIcreat CKD-EPIcysC

CKD-
EPIcreat-cysC

urinary CLCR

(final model)

CL (L/h) 33.8 (24.9–45.2)
h CLrenal

(L/h/mL/min)
– 0.26 (0.12–0.42) 0.30 (0.13–0.48) 0.30 (0.13–0.47) 0.18 (0.03–0.43) 0.30 (0.10–0.47) 0.32 (0.20–0.46)

h CLnon-renal (L/h) – 13.4 (5.45–24.7) 12.5 (3.38–24.3) 12.0 (3.25–24.8) 23.2 (11.7–35.9) 14.5 (6.32–28.3) 16.7 (11.7–23.5)
V1 (L) 69.1 (45.6–101) 65.5 (47.6–89.5) 62.7 (43.6–82.5) 63.4 (46.3–83.5) 63.6 (45.8–88.9) 63.0 (46.7–90.6) 64.3 (47.8–92.9)
Q (L/h) 29.5 (21.0–38.0) 29.8 (21.1–41.4) 29.9 (20.1–42.7) 29.8 (19.9–40.4) 29.6 (20.5–39.4) 29.7 (20.8–39.1) 29.7 (21.2–40.2)
V2 (L) 33.1 (24.5–46.0) 33.4 (24.8–47.5) 33.3 (23.9–46.2) 33.3 (23.9–46.7) 33.8 (25.0–46.7) 33.7 (24.5–46.9) 33.2 (25.1–44.7)
Kd (mg/L) 20.5 (15.3–28.0) 20.2 (15.0–26.5) 19.9 (14.9–27.1) 19.9 (15.2–27.1) 20.1 (15.0–27.7) 20.0 (15.2–26.9) 20.3 (15.1–28.3)
h Bmax (mg/L) 74.2 (35.5–113) 74.5 (37.9–124) 74.1 (38.4–114) 74.2 (39.1–119) 74.1 (35.7–115) 74.4 (35.6–116) 72.8 (38.1–114)
h albumin 3.44 (1.19–6.07) 3.34 (1.09–5.64) 3.30 (1.37–5.82) 3.29 (1.08–5.86) 3.35 (1.28–5.86) 3.31 (1.06–6.05) 3.47 (1.30–5.83)
Inter-individual

variability (IIV)
IIVCL (%) 117 (86.7–164) 77.9 (53.7–107) 80.8 (60.2–109) 79.4 (56.3–108) 105 (80.0–137) 89.1 (67.1–120) 64.4 (45.6–90.3)
IIVV1 (%) 174 (97.5–328.4) 145 (86.4–272) 128 (83.5–214) 132 (82.2–216) 136 (88.8–218) 135 (87.4–216) 153 (95.5–256)
IIVBmax (%) 25.8 (19.1–33.5) 25.4 (19.1–32.7) 25.1 (18.3–33.0) 25.2 (18.5–33.9) 25.4 (18.5–35.2) 25.3 (18.7–34.5) 25.5 (18.9–33.0)

Inter-occasion
variability (IOV)
IOVCL (%) 28.7 (14.9–47.7) 29.6 (13.8–47.9) 29.8 (16.8–49.4) 30.4 (16.5–50.6) 27.6 (12.6–46.9) 28.5 (13.9–47.9) 29.0 (15.0–49.4)

Residual error
total (%)

20.4 (18.3–23.1) 20.6 (18.6–23.1) 20.8 (18.6–23.1) 20.7 (18.6–22.8) 20.7 (18.7–23.3) 20.7 (18.4–23.3) 20.5 (18.5–22.9)

Residual error
unbound (%)

21.7 (19.4–24.6) 21.9 (19.7–24.3) 22.2 (19.9–24.8) 22.1 (19.8–25.0) 22.2 (19.9–25.1) 22.2 (19.9–25.1) 21.7 (19.4–24.6)

Difference in
objective function

Reference –12.38 –10.51 –9.75 –1.98 –6.77 –16.54

V1, central volume of distribution; V2, peripheral volume of distribution.
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covariates on Bmax, nor could CRRT be identified as covariate on
clearance.

The goodness-of-fit plots are depicted in Figure 3. The popula-
tion and individual predicted concentrations are in concordance
with the observed concentrations. Furthermore, the conditional
weighted residuals indicate no model misspecification, as the dis-
tribution of these residuals was homogeneous and the majority of
the data lie within the (#2 to !2) interval. The visual predictive
checks for the final pharmacokinetic model are shown in Figure 4.
The distribution of observed concentrations was consistent with
the distribution of the predicted concentrations, suggesting a good
internal validity of the model.

Dose optimization studies

The simulated unbound flucloxacillin concentrations for patients
with a continuous dose of 6, 8 and 12 g/24 h are shown in Figure 5.
The median unbound flucloxacillin concentration was 11.7 mg/L
(IQR 7.3–19.0 mg/L) for patients receiving 6 g/24 h, 15.5 mg/L (IQR
9.8–25.4 mg/L) for patients receiving 8 g/24 h and 23.3 mg/L (IQR
14.6–38.0 mg/L) for patients receiving 12 g/24 h.

A dose of 6 g/24 h is sufficient in 100% of the population to
reach a target of 0.5 mg/L, and in 98.5% of the population to reach
a target of 2.5 mg/L. A concentration of 10 mg/L is reached in
88.1% of the population with a dose of 12 g/24 h. The proportion of
patients with a CLCR of >130 mL/min who reached a concentration
level of >10 mg/L was 72.5%.

A total of 59.0% of the patients reached the upper limit of
20 mg/L unbound flucloxacillin with a dose of 12 g/24 h.

This increased to 91.5% for patients with a CLCR less than
30 mL/min.

Discussion

In this study we describe the unbound and total flucloxacillin
pharmacokinetics in critically ill patients. It contains the most richly
sampled pharmacokinetic dataset of flucloxacillin in critically
ill patients so far. The results of the current study relate to a
heterogenous group of critically ill patients containing both
patients with severe renal insufficiency and patients with
augmented renal clearance. We found unbound flucloxacillin
concentrations that were notably higher than previously
reported in critically ill patients. Furthermore, we identified a
large inter-individual variability of unbound flucloxacillin
pharmacokinetics, and, to our knowledge, we are the first to
identify intra-individual variability. Albumin and renal function
only partly explained this variability. We showed that a dose of
6 g/24 h, given as a continuous infusion, is sufficient to reach an
unbound flucloxacillin concentration of 0.5 mg/L in 100% of
the critically ill population. When aiming for a higher target or
in the case of infections caused by less susceptible pathogens,
higher doses are required.

Unbound fractions of up to 72% were observed. In an earlier
study in critically ill patients, unbound fractions up to 36.6% were
reported.4 Also, the unbound flucloxacillin concentrations were
markedly high, ranging from 0.2 to 110 mg/L compared with a
maximum of 30 mg/L reported in previous studies.3,4 Our pharma-
cokinetic parameters estimates for volume of distribution were

Figure 2. Unbound fraction flucloxacillin versus serum albumin.
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similar to those described before in critically ill patients. Yet, the es-
timate for flucloxacillin clearance was lower than previously
reported.3,4 We found a total clearance of 39.5 L/h (for a patient
with a median CLCR of 65 mL/min), versus a total clearance of
55.2 L/h and 97.4 L/h. This might be partially explained by the fact
that more subjects in the current study had severe renal impair-
ment. The estimate for Bmax in the current study was lower than
previously reported in non-critically ill and in critically ill
patients,4,11 which is probably caused by the lower albumin levels
in our patients.

Renal function was a significant covariate for clearance of un-
bound flucloxacillin. CLCR based on 24 h urine collection described
the variability in clearance best. Our data do not support that cys-
tatin C may be used to better predict flucloxacillin clearance, in
contrast to what was described previously.11 No statistically signifi-
cant relationship between the presence of CRRT and flucloxacillin
clearance could be identified. This observation, although based on
a small sample size (n = 7), matches previous reports by Jager et
al.4 Theoretically, the high protein binding rate of flucloxacillin
makes it more difficult to eliminate flucloxacillin by CRRT. Yet, ad-
sorption of flucloxacillin to the polyamide membrane might occur,
causing decreased flucloxacillin levels.26 More research is neces-
sary to evaluate the impact of CRRT on flucloxacillin clearance.

We found that protein binding of flucloxacillin is saturable in the
therapeutic concentration range, which is in line with previous find-
ings.4,11,13 Furthermore, the unbound fraction increased with lower
serum albumin. This is especially relevant for critically ill patients,
with reported incidences of hypoalbuminaemia as high as 40%–
50%.27

The absence of safety data is a limitation of this study. A total
flucloxacillin concentration of 125 mg/L was previously associ-
ated with an increased risk of developing neurotoxicity.7 In our
study, a total of 18% had a total trough or steady-state concen-
tration of more than 125 mg/L. Moreover, 59% of the simulated
population is predicted to have an unbound concentration of
more than 20 mg/L. Unfortunately, we did not collect data
to confirm a relationship between concentration and toxicity.
More research is necessary to establish unbound concentration
targets for toxicity.

Another limitation of this study is that all patients had a low
serum albumin level (�30 g/L). Although hypoalbuminaemia is
very common in critically ill patients, extrapolation of our results to
patients with higher serum albumin concentrations should be
done with caution.

Often, the use of b-lactam antibiotics in critically ill patients has
been associated with subtherapeutic exposure, especially in case
of Gram-negative infections.28 We found that the majority of the

Figure 3. Goodness-of-fit diagnostics for the final pharmacokinetic model of unbound flucloxacillin in critically ill patients. The population and individ-
ual predicted concentrations are in concordance with the observed concentrations; the discrepancy between predictions and observations is small.
Furthermore, the conditional weighted residuals indicate no model misspecification, the distribution is homogeneous and the majority of the data lie
within the (#2 to !2) interval.
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population (99.9%) treated with flucloxacillin 12 g/day, reached a
target of 100% fT>5%MIC for infections caused by pathogens with
an MIC of 0.5 mg/L. The risk of underexposure might be relevant for
patients with augmented renal clearance (CLCR >130 mL/min),
with reported incident rates of 20%–65% in ICU patients.29

Therefore, it is important to identify patients with augmented renal
clearance.

Therapeutic drug monitoring (TDM) of flucloxacillin in critically ill
patients might be of potential value. We found a high inter-
individual variability and a moderate intra-individual variability on
clearance of 29%, which leaves sufficient room for TDM to be of
value. The range of unbound concentrations could be largely
reduced and could prevent out-of-bound exposures. TDM should
be based on the unbound flucloxacillin concentration because the
unbound concentration cannot be adequately estimated from the
total concentration.30 It must be noted that more information on
an upper threshold associated between free drug concentration
and neurotoxicity is urgently needed. Furthermore, TDM could as-
sure optimal exposure for patients with augmented renal clear-
ance and for those treated for infections caused by less susceptible
pathogens.

We are of the opinion that the time is imminent to start an in-
vestigation into the benefits of TDM in the ICU populations.

If more knowledge is gained about the safety and tolerability of
high flucloxacillin exposure, infections caused by pathogens with
higher MICs might be treatable as well. Occasionally oxacillin MIC

values are high in S. aureus in absence of mec-gene-mediated re-
sistance.24,31 These strains have been called BORSA (borderline
oxacillin-resistant S. aureus). Currently, BORSA strains with an MIC
of >2 mg/L have been reported as resistant, but our data suggest
that it might be possible to treat infections caused by strains with
MICs up to 4 mg/L.

In conclusion, critically ill patients show higher unbound
flucloxacillin fractions and concentrations than previously
thought. Consequently, the risk of subtherapeutic exposure is
low. If more information on the concentration–toxicity relation-
ship is gained, TDM of the unbound flucloxacillin concentration
could be of value.
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