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Objectives: The growing incidence of infections caused by Enterobacteriaceae producing ESBLs has led to
increased use of carbapenems. Temocillin, which resists most b-lactamases, may be a useful alternative. The
aim of this study was to assess the pharmacokinetics and target attainment rates of 6 g of temocillin daily
divided into three administrations every 8 h (three times daily) or administered by continuous infusion in critically
ill patients.

Patients and methods: This was a prospective, two-centre, randomized, controlled study in patients with
intra-abdominal or lower respiratory tract infections caused by Enterobacteriaceae.

Results: Thirty-two patients were included and analysed for clinical efficacy, and pharmacokinetics were mea-
sured in 29 of them. Four patients undergoing continuous veno-venous haemofiltration (CVVH) were analysed
separately. Mean, median and range of percentages of the dosing interval during which the free drug concentra-
tion remained .16 mg/L were 76.4, 98 and 18.7–98.9 in patients treated three times daily and 98.9, 89.7 and
36.4–99.9 in patients with continuous infusion, respectively. Clinical cure rates were 79% and 93% in each of
these groups, respectively (not significant). Patients with CVVH received a daily dose of 750 mg given by continu-
ous infusion and had a mean free drug concentration of only 13.8+1.9 mg/L. No adverse event attributable to
temocillin was observed.

Conclusions: Temocillin (6 g daily) given by continuous infusion allows a larger proportion of critically ill patients
to have free drug serum concentrations covering infections caused by Enterobacteriaceae with an MIC of 16 mg/L
compared with administration three times daily. Clinical efficacy compared with carbapenems in documented
severe infections needs to be further studied.

Keywords: target attainment rate, free concentration, continuous veno-venous haemofiltration, tolerance, Monte Carlo
simulations, ESBLs

Introduction
Temocillin (6-a-methoxy-ticarcillin) is a penicillin with activity
against most Enterobacteriaceae, while non-fermenters, Gram-
positive aerobes and strict anaerobes are not included in its
spectrum.1 The methoxy group attached to the C6 position of
the penam nucleus confers stability against a wide variety of
b-lactamases,2 including most ESBLs,3 AmpCs4 and even some
carbapenemases.5 In vitro studies demonstrated susceptibility

rates of up to �80% and 90% for ESBL-producing strains if using
a breakpoint of 8 and 16 mg/L, respectively.3,6 – 8 Recently, an
observational study in the UK confirmed that temocillin could
serve as a potential alternative to carbapenems for treating infec-
tions caused by ESBL-/AmpC-producing Enterobacteriaceae.9

In that study, a 4 g daily dose of temocillin divided into two
administrations at a 12 h interval was correlated with higher
clinical cure when compared with a lower dosage. However, the
pharmacokinetic analysis and Monte Carlo simulations presented
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in an earlier study suggested that a higher daily dose might be
required to fully cover the wild-type distribution of susceptible
Enterobacteriaceae.10 Moreover, a 4 g daily dose divided into
two administrations at a 12 h interval may not be sufficient in crit-
ically ill patients where alteration of critical parameters, such as
drug volume of distribution (V), CL and protein binding, as well as
end-organ dysfunctions, may markedly alter antibiotic disposition
and potentially reduce the efficacy of anti-infective treatments
and adversely affect patient outcome.11 In addition, suboptimal
dosing may lead to emergence of antibiotic resistance.12

Since killing of susceptible bacteria by b-lactams is dependent
upon the time during which the free drug concentration remains
above their MIC,13 continuous infusion yielding stable serum con-
centrations above this value has been advocated as an alternative
method of dosing b-lactams to increase efficacy,14 and has been
successfully applied for temocillin using a daily dose of 4 g.10 In
the present trial, we aimed at determining the pharmacokinetic
parameters of temocillin in critically ill patients using a larger
daily dose (6 g) and comparing its administration in three discrete
doses of 2 g given at 8 h intervals with the same daily dose admi-
nistered by continuous infusion. The hypothesis was that the lat-
ter regimen would provide longer free-drug serum concentrations
supporting a clinical breakpoint of 16 mg/L.

Patients and methods

Study design, patients, antibiotic treatment and data
collection
This was a prospective, two-centre (St Luc University Hospital, Brussels,
Belgium, and St Pierre Hospital, Ottignies, Belgium), randomized, con-
trolled study. The protocol was approved by the hospital ethics commit-
tees. Before enrolment, written consent was obtained from the patient
or their nearest relative, and patients were only enrolled once. Patients
were eligible if meeting all the following inclusion criteria: (i) hospitalized
in an adult ICU; (ii) presenting with clinical signs of an abdominal or a pul-
monary infection; and (iii) infected with a pathogen expected to be sus-
ceptible to temocillin. Patients were excluded if (i) potentially infected by
a pathogen resistant to temocillin; (ii) having a known allergy to any peni-
cillin, including temocillin; (iii) pregnant or lactating (women); or (iv) having
participated in another investigational drug study within 4 weeks.

All patients were categorized using APACHE II and SOFA scores. Patients
received temocillin according to the following schemes: (i) continuous
infusion: loading dose (2 g) administered over 30 min in 50 mL of water
for injection followed by infusion (6 g in 48 mL of water for injection
infused at a rate of 2 mL/h); (ii) three times daily: 2 g of temocillin (in
50 mL of water for injection) every 8 h injected over a 30 min period.
Temocillin dosing regimens were adjusted for CLCR according to Table 1. For
patients undergoing continuous veno-venous haemofiltration (CVVH), temo-
cillin was administered by continuous infusion and the dose arbitrarily set to
750 mg/24 h after administration of a loading dose of 750 mg. Temocillin
was given as monotherapy for documented infections caused by susceptible
pathogens. Additional antibiotics were given according to the microbiological
data obtained from samples collected from the infected site.

Sample collection and analysis
For patients treated by continuous infusion, samples were drawn 0, 0.5, 1,
8, 24, 48 and 72 h after starting the administration of the loading dose. For
patients treated with the three times daily regimen, samples were drawn
0, 0.5, 1, 2 and 8 h after starting the first administration on the first day of
therapy. All samples were drawn with an arterial catheter or from an

infusion-free upper extremity. Serum (obtained by centrifugation after
blood clotting) was frozen at 2808C until analysis. Total and free temocillin
concentrations were determined in serum as previously described.10 In
brief, total antibiotic was extracted by a solid-phase method (OASISw

HLB Extraction Cartridge System, Waters Corp.; typical recovery 95%–
97%) while the free fraction was separated from serum proteins by ultra-
filtration (Centrifreew device, Merck-Millipore Corp., Billerica, MA). Temocillin
was then assayed by HPLC coupled with UV detection using ticarcillin as
internal standard and with detection and quantification of both epimers
of the two drugs.10,15

MIC determinations
MICs for the successfully collected isolates were determined using the
automated system routinely used by the clinical microbiology laboratories
of the participating centres (Vitekw 2 and Phoenixw for St Pierre, Ottignies,
and St Luc, Brussels, respectively).

Population pharmacokinetics and probability of target
attainment
Population pharmacokinetic parameters were estimated by means of non-
linear mixed effect modelling (NONMEM) using data from 11 patients trea-
ted by intermittent infusion (2 patients were not included because assay of
temocillin was only possible for the free fraction). The model was implemen-
ted in the NONMEM ADVAN5 subroutine and the analysis was performed
using the FOCE method with INTERACTION. All fitting procedures were per-
formed with the use of the Compaq Visual FORTRAN standard edition 6.6
(Compaq Computer Cooperation, Euston, TX, USA) and the NONMEMw soft-
ware package (version VI, release 2, ICON Development Solutions, Ellicott
City, MD, USA). To determine the basic structural pharmacokinetic para-
meters, various one- and two-compartment models were tested. Model
selection and identification of variability were based on the evaluation of
the mean objective function value (MOFV), pharmacokinetic parameter
point estimates and their respective CIs, and goodness-of-fit plots. To detect
significant differences between two structural models, the MOFV with a pre-
specified level of significance of P,0.001 was used (corresponding to a dif-
ference in MOFV of at least 10.8 points). To detect systematic deviations in
the model fits, the goodness-of-fit plots were inspected visually. An expo-
nential distribution model was used to account for inter-individual variabil-
ity. Possible correlation between inter-individual variability coefficients on
parameters was estimated and if present accounted for in the stochastic
model (NONMEM Omega block option). The precision of the final population
model for the entire population was established using the bootstrap option
(1000 replications). The percentage of time during which the free drug

Table 1. Temocillin dose adjustment for CLCR

CLCR (mL/min) or condition

Daily dose

three times dailya continuous infusionb

.50 3×2 g 6 g/24 h
50–31 3×1 g 3 g/24 h
30–10 1×1.5 g 1.5 g/24 h
,10 1×750 mg 750 mg/24 h
CVVH NA 750 mg/24 h

NA, not applicable.
aAdministration as 30 min infusions at 8 h intervals.
bAdministration by continuous infusion over 24 h. Each patient received a
2 g loading dose.
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concentration remained above the MIC (%fT.MIC)16 was determined from
the parameter estimates using MICLAB version 2.36 (Medimatics,
Maastricht, the Netherlands) for the three times daily group and from the
raw data of each patient for the continuous infusion group. Monte Carlo
simulation of 10000 subjects was performed with the same program
using a log-normal distribution of parameters. The results were used to cal-
culate the median and 95th percentiles of %fT.MIC (for a range of
2–256 mg/L).

Source of products
Temocillin and ticarcillin were obtained as Negabanw (Eumedica s.a.,
Brussels, Belgium) and Timentinw (GlaxoSmithKline Belgium, Rixensart,
Belgium), respectively. All other drugs were procured as described previ-
ously.17,18 Products for chromatography were of HPLC grade and obtained
from Sigma-Aldrich Corp. (St Louis, MO, USA) or E. Merck AG (Darmstadt,
Germany).

Statistical analyses
Patient data were analysed with Student’s t-test for parametric data
(GraphPad InStatw version 3.10 for Windows, GraphPad Software,

San Diego, CA, USA) and Fisher’s exact test for non-parametric data
(JMP 5.1, SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics

Thirty-two patients were enrolled in the study. They were divided
into three groups: those given the daily dose of temocillin (6 g)
divided into three administrations at 8 h intervals (three times
daily; n¼14); those given temocillin by continuous infusion
(n¼14); and those treated with CVVH and receiving temocillin by
continuous infusion (n¼4). Demographic data and treatment-
related parameters are presented in Table 2. Patients’ characteristics
were similar between groups except for the median SOFA score,19

which was significantly higher in patients treated with CVVH (16 ver-
sus 7 and 8.5 in the three times daily and continuous infusion
groups, respectively; P¼0.0007). Most patients were treated for
lower respiratory tract infections (n¼11) or intra-abdominal infec-
tions (n¼17) and only two for urinary tract infections (n¼2).
Eleven patients (34%) had concurrent bacteraemia.

Table 2. Patients’ characteristics and treatment parameters

Group

three times dailya continuous infusionb CVVHc

Recruitment
patients enrolled, n 14 14 4
pharmacokinetic population, n 13 12 4

Demography
male/female, n/n 6/8 11/3 0/4
age (years), mean+SD 65+15 68+11 60+16
weight (kg), mean+SD 68+12 71+15 58+7
BMI (kg/m2), mean+SD 24+4 24+5 23+2
CLCR (mL/min), mean+SD 82+48 56+34 NA
severity score on admission

APACHE II,25 median 16 17 20.5
SOFA,19 median 7 8.5 16d

Infection type
LRTI (positive blood culture), n 6 4 (1) 1
IAI (positive blood culture), n 6 (2) 8 (3) 3 (2)
UTI (positive blood culture), n 1 (1) 1 0
BSI of unknown origin, n 1 1 0

Treatment parameters and outcomes
treatment duration (days), mean+SD 6+2 7+5 5+3
dosage adjustment for CLCR

50–31 mL/min, n 3 1 0
30–10 mL/min, n 2 4 0
clinical cure, % (n/n) 79 (11/14) 93 (13/14) 75 (3/4)
overall ICU mortality, % (n/n) 36 (5/14) 14 (2/14) 50 (2/4)

LRTI, lower respiratory tract infection; IAI, intra-abdominal infection; UTI, urinary tract infection; BSI, bloodstream infection; NA, not applicable.
aThe daily dose was divided into three 30 min infusions at 8 h intervals.
bThe daily dose was administered by continuous infusion over 24 h. Each patient received a 2 g loading dose.
cPatients received a loading dose of 750 mg followed by continuous infusion of 750 mg/24 h.
dSignificantly different from the two other groups (P¼0.0007).
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Microbiological data

Table 3 shows the identification of the isolates successfully col-
lected with their corresponding MICs. Bacteria mainly belonged
to Escherichia coli (n¼13), Klebsiella spp. (n¼7) or Enterobacter
spp. (n¼5), with temocillin MICs varying from ,2 to 16 mg/L.
Four of the isolates were ESBL-producing strains (E. coli,
Klebsiella pneumoniae, Enterobacter cloacae and Enterobacter
aerogenes).

Treatment parameters and outcomes

Temocillin was used as monotherapy in 23 patients and combined
with an anti-staphylococcal agent in the other 9 patients. The
overall mean treatment duration was 6 days (range 2–22), with
no significant difference between groups (6, 7 and 5 days in the
three times daily, continuous infusion and CVVH groups, respect-
ively). The overall clinical cure rate was 84% (27/32); in the three
times daily, continuous infusion and CVVH groups it was 79%
(11/14), 93% (13/14) and 75% (3/4), respectively (differences
are not significant). According to the site of infection, the clinical
cure rate was 94% (16/17) in intra-abdominal infections, 64%
(7/11) in lower respiratory tract infections and 100% in both
urinary tract infections (2/2) and bacteraemia (2/2). Isolates
from patients who failed were one Serratia marcescens (lower
respiratory tract infection, MIC¼16 mg/L), one Morganella morganii
(intra-abdominal infection, MIC¼4 mg/L), one E. cloacae (lower
respiratory tract infection, MIC ≤2 mg/L) and two K. pneumoniae
(both in lower respiratory tract infections, MIC¼8 mg/L and one of
unknown MIC but an ESBL producer). The clinical cure rate was
75% (3/4) in infections caused by ESBL-producing organisms.

In three patients treated with temocillin and cured, bacterial
superinfection was reported. The corresponding isolates reported
were not in the spectrum of temocillin [Pseudomonas aeruginosa+
Enterococcus faecium; MRSA+Hafnia alvei; MSSA+multiresistant
E. coli (this patient was previously infected by Proteus mirabilis)].
In patients treated in the ICU, the overall mortality rate was 31%
(10/32). No death was related to the primary infection treated
with temocillin. Overall, mortality rates were 36% (5/14), 21% (3/
14) and 50% (2/4) in the three times daily, continuous infusion

and CVVH groups, respectively (differences are not statistically sig-
nificant). No death was related to the primary infection treated
with temocillin.

Adverse events

No visible drug incompatibility or neurotoxicity signs were
reported during the study. Seven adverse events were recorded,
among which six were deemed not attributable and one possibly
related to temocillin. One patient (from the continuous infusion
group), who had been previously treated with cefuroxime and
metronidazole, developed a severe pseudomembranous colitis
while under temocillin treatment.

Pharmacokinetic data

Pharmacokinetic data were available in 29 patients (13, 12 and 4 in
the three times daily, continuous infusion and CVVH groups,
respectively). In the three remaining patients, temocillin levels
could not be determined due to the presence of other medications
and/or metabolites interfering with UV detection under the condi-
tions of the assay. Total and free temocillin serum concentrations
from patients in the three times daily and continuous infusion
groups are shown in Figure 1. In the three times daily group and
for total temocillin levels, the mean AUC24 was 1764 mg.h/L, the
mean Cmax 170 mg/L and the mean Cmin 51 mg/L, corresponding
to mean Cmax and Cmin of free temocillin of 65 and 19 mg/L,
respectively. In the continuous infusion group, total temocillin con-
centrations stabilized after 8 h (the first peak being due to the
administration of a loading dose of 2 g) to a mean steady-state
concentration (Css) of 135 mg/L, corresponding to 37 mg/L free
temocillin. The mean protein binding in 37 samples from 11
patients was 59% (SD 16%, range 19%–85%; one outlier of
26% was excluded). There was no relation between protein binding
and concentration of temocillin over the concentration range mea-
sured (11.5–95.8 mg/L).

The mean, median and range of percentages of dosing interval
during which the free drug concentration remained .16 mg/L
were 76.4, 98.0 and 18.7–98.9 in the three times daily group

Table 3. Available isolates and MIC data

Isolates

No. of isolates in group No. of isolates with an MIC (mg/L) of

three times daily continuous infusion CVVH ≤2 4 8 16

E. coli 4 6 3 (1a) 4 6 1
K. pneumoniae 5 (1a) 1 0 1 1 3
Klebsiella oxytoca 0 1 0 1
E. cloacae 2 2 (1a) 0 2 1
E. aerogenes 0 1 (1a) 0 1
P. mirabilis 1 0 0 1
M. morganii 0 0 1 1
S. marcescens 1 1 0 2
Gram-positive bacterium 1 0 0

Total 14 12 4 4 8 9 4

aESBL positive.
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and 88.9, 99.7 and 36.4–99.9 in the continuous infusion group,
respectively. As shown in Figure 2, the mean pharmacokinetic pro-
file in patients undergoing CVVH was different from that in the con-
tinuous infusion group. Concentrations stabilized after 8 h but a
significant drop in temocillin levels had already occurred at that
timepoint, resulting in a mean total and free Css of 80 and
14 mg/L, respectively. The mean, median and range of percentages
of dosing interval during which the free drug concentration
remained .16 mg/L were 37.2, 33.0 and 9.2–73.7, respectively.

Population pharmacokinetic modelling and probability
of target attainment

A two-compartment model with a proportional error model best
described the data of the patients treated three times daily.
Inter-individual variability of pharmacokinetic parameters was
explained by variations in CL and in first distribution volume
(V1), for which coefficients of variation (CVs) were 36% and
58%, respectively. Individual and population predicted values
were well correlated (data not shown) with observed concentrations.
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Figure 1. Total and free temocillin serum concentrations. Upper panel: patients (n¼13) in the three times daily group (daily dose of 6 g divided into three
administrations at 8 h intervals). Lower panel: patients (n¼11) in the continuous infusion group (2 g loading dose followed by a 6 g/24 h continuous
infusion). All values are means+SEM. The horizontal broken line is drawn at a serum concentration value of 16 mg/L (potential susceptibility breakpoint).
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CLwas estimated at 3.69 L/h (SEM¼0.456), V1 at 14.0 L (SEM¼2.51),
second distribution volume (V2) at 21.7 L (SEM¼4.52) and Q (inter-
compartmental CL) at 8.45 L/h (SEM¼1.06). A Monte Carlo simula-
tion for target attainment (%fT.MIC) for the three times daily group
was performed. The results presented in Figure 3 show that a target
of %fT.MIC of 80 was reached for the mean population for an MIC of
16 mg/L and a target of around 40 was reached for the mean popu-
lation for an MIC of 32 mg/L. The 95% percentile indicates a
%fT.MIC of 50% at MIC values slightly above 8 mg/L.

Discussion
This study is the first to provide detailed pharmacokinetic/phar-
macodynamic data for a high daily dose of temocillin (6 g/24 h)
in critically ill patients receiving the drug either as 2 g every 8 h
(three times daily) or by continuous infusion. In our study popula-
tion, we were able to show that 6 g of temocillin daily given three
times daily makes it possible to reach better pharmacokinetic/
pharmacodynamic targets when compared with previously pub-
lished data using 4 g daily divided into two administrations given
at a 12 h interval (twice daily).10 Moreover, our Monte Carlo simu-
lation showed that, for the average patient, a %fT.MIC of 40 will be
reached for an MIC of 32 mg/L and a %fT.MIC up to 80 will be
reached for an MIC of 16 mg/L for a daily dosage of 6 g of temo-
cillin given in three daily administrations, which is about twice the
MIC value for which a similar %fT.MIC is obtained when using a
daily dosage of 4 g given in two daily administrations.10 Using
the lowest 95% CI of the Monte Carlo simulation, a susceptibility
breakpoint of 8 mg/L had been proposed for this 4 g daily dose
given in two daily administrations. It was expected that, using a
6 g daily dose given in three daily administrations, this breakpoint
could be increased to 16 mg/L. In fact it appears now to be lower
and only slightly above 8 mg/L, due to the high variability in
pharmacokinetics in our cohort [higher CVs for the drug V (58%)
and CL (36%)]. This is most likely due to the inclusion of more
severely ill patients in the present study compared with those
included in the study using the 4 g daily dose with a twice daily
schedule. This illustrates the difficult task of antibiotic prescribing
for critically ill patients, in whom several factors alter drug concen-
trations, such as (i) sepsis (in which the large amount of fluids
needed during the infectious episode alters V and the elimination
rates of antibiotics, making standard regimens derived from
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Figure 2. Total and free temocillin serum concentrations in patients (n¼4) undergoing CVVH (750 mg loading dose followed by 750 mg/24 h by
continuous infusion). All values are means+SEM. The horizontal broken line is drawn at a serum concentration value of 16 mg/L (potential
susceptibility breakpoint).
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Figure 3. Probabilities of target attainment of temocillin (as obtained with
the Monte Carlo simulation) for discontinuous administration of a 6 g daily
dose divided into three administrations at 8 h intervals (three times daily).
The abscissa shows the MIC range used for the simulations and the
ordinate the fraction of time (as a percentage) during which free serum
levels remain above the corresponding MIC. The horizontal broken line
indicates the 50% fT.MIC limit achieving a bacteriostatic effect and
survival for penicillins in animal models with Gram-negative bacteria.26
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patients with less severe infections or healthy volunteers inapplic-
able);20 (ii) the increased cardiac output (which can result in
increased renal blood flow and glomerular hyperfiltration, leading
to increased antibiotic CL and potentially subtherapeutic drug
concentrations); and11 (iii) obesity (which may have a significant
impact on the distribution of antibiotics, resulting in inappropriate
drug concentrations when standard regimens are adminis-
tered).21 The wide variations in actual antibiotic concentrations
indicate that therapeutic drug monitoring in this group of patients
would be well justified.

When compared with administration three times daily, con-
tinuous infusion of the same daily dose clearly offers a higher
probability of reaching the desired pharmacokinetic/pharmacody-
namic targets. This study also shows that actual serum levels
when temocillin is given by continuous infusion are less influenced
by patients’ pharmacokinetic variability when compared with its
administration three times daily, which may have an impact on
clinical outcome. An alternative, often proposed, to continuous
infusion is to extend the infusion time of b-lactams to 4 h rather
than limiting it to 30 min. While this strategy has been success-
fully applied for carbapenems to meet instability issues when
the drug is stored at room temperature, enabling coverage of
organisms with a higher range of MICs,22 it may not actually be
necessary for temocillin, which shows a much higher stability
than carbapenems even in concentrated solutions.10 Other strat-
egies would be to identify patients at risk of higher pharmacoki-
netic variability and to monitor drug levels on a regular basis.23

Our data show that patients undergoing CVVH are particularly
at risk of receiving a suboptimal dose even if temocillin is given
by continuous infusion. As stated above, the regimen used in
our CVVH population was set arbitrarily and our data confirm
the need to at least double this dose in order to reach the neces-
sary pharmacokinetic/pharmacodynamic target. A recent study
using meropenem concluded that satisfactory pharmacokinetic
parameters in patients undergoing CVVH could only be obtained
if a dose of 500 mg was administered every 6 h using a prolonged
infusion of 3 h.24 This dose is 2-fold higher than the recom-
mended dose for most severe infections, a ratio significantly
superior to the one we used in the present study (�one-fifth of
the currently approved dose of 4 g/24 h).

High clinical cure rates were obtained using a 6 g daily dose
and a trend towards superiority was observed for patients in
the continuous infusion versus the three times daily group. Our
study was not designed to assess the clinical efficacy of temocil-
lin, but the results are nevertheless worth being taken into
account, given that (i) all our patients were hospitalized in ICUs
and were severely ill; (ii) most infections were life-threatening;
(iii) temocillin was used as a first-line therapy in 25% of our
patients; (iv) the MIC for 50% of the strains was ≥8 mg/L; and
(v) ESBL-producing strains were also included. It is important to
highlight the fact that using temocillin for treatment of
intra-abdominal infections in ICU patients has not been reported
before. Thus, the high clinical cure rate observed for this indica-
tion warrants further investigation. Lastly, the absence of drug
incompatibility issues and/or neurotoxicity signs is reassuring.
This is in line with our current clinical experience using 6 g of
temocillin daily in .170 patients (P.-F. Laterre, unpublished
data). The present study remains, however, limited by its rather
small sample size, which did not allow us to provide robust
data on the clinical efficacy of temocillin administered by

continuous infusion compared with administration three times
daily. Also, no final dosing recommendation can be given for
patients undergoing renal replacement therapy.

In conclusion, 6 g of temocillin daily given in three daily admin-
istrations is well tolerated and, according to the pharmacokinetic
data, is adequate to reach in average patients the necessary free
drug concentration meeting the average %fT.MIC value of 80 for
an MIC of 16 mg/L, corresponding to correct coverage for most
isolates of Enterobacteriaceae, since the MIC of temocillin for
these bacteria rarely exceeds this value.3 For patients with high
pharmacokinetic variations and/or to cover strains against
which temocillin would have higher MICs, continuous infusion
may be a useful and practical alternative as it is associated with
a higher %fT.MIC without apparent toxicity or administration
issues.

Acknowledgements
This work was presented in part at the Eighteenth European Congress of
Clinical Microbiology and Infectious Diseases, Barcelona, Spain, 2008
(Oral Presentation O-150) and at the Twenty-first European Congress of
Clinical Microbiology and Infectious Diseases, Milan, Italy, 2011
(Poster P-807).

Funding
This work was supported in part by Eumedica s.a. Other support was
obtained from the Belgian Fonds de la Recherche Scientifique Médicale
and the Belgian Région Wallonne.

Transparency declarations
P.-F. L. has been consultant for Ferring, EISAI and Tigenix. S. V. d. V. is and
S. C. was an employee of Eumedica s.a.; S. C. is currently an employee of
GSK Biologicals. J. W. M. has been a consultant for and/or received research
funding from Angelini, AstraZeneca, Basilea, Janssen-Cilag, Merck & Co,
Cubist, Pfizer, Polyphor and Roche. P. M. T. is an unpaid advisor to
Eumedica and his laboratory is receiving research funding from
Eumedica through a Public Private Partnership grant awarded by the
Belgian Région Wallonne for the study of pharmacokinetics of temocillin
in special populations. All other authors: none to declare.

Author contributions
P.-F. L., S. C. and P. M. T. designed the study. P.-F. L., X. W. and T. D. were in
charge of the patients. S. C., S. V. d. V., A. E. M. and J. W. M. performed the
sample analysis and a first descriptive analysis of the pharmacokinetic
profiles. A. E. M. and J. W. M. developed the pharmacokinetic/pharmacody-
namic models, performed the Monte Carlo simulations and calculated the
target attainment rates. All authors participated in the writing of the
manuscript and approved the final version.

References
1 Livermore DM, Tulkens PM. Temocillin revived. J Antimicrob Chemother
2009; 63: 243–5.

2 Matagne A, Lamotte-Brasseur J, Dive G et al. Interactions between
active-site-serine b-lactamases and compounds bearing a methoxy side
chain on the a-face of the b-lactam ring: kinetic and molecular modelling
studies. Biochem J 1993; 293: 607–11.

Temocillin (6 g daily) in critically ill patients

897

JAC
 by Paul T

ulkens on February 28, 2015
http://jac.oxfordjournals.org/

D
ow

nloaded from
 

http://jac.oxfordjournals.org/


3 Rodriguez-Villalobos H, Bogaerts P, Berhin C et al. Trends in production of
extended-spectrum b-lactamases among Enterobacteriaceae of clinical
interest: results of a nationwide survey in Belgian hospitals. J Antimicrob
Chemother 2011; 66: 37–47.

4 Livermore DM, Hope R, Fagan EJ et al. Activity of temocillin against
prevalent ESBL- and AmpC-producing Enterobacteriaceae from south-
east England. J Antimicrob Chemother 2006; 57: 1012–4.

5 Adams-Haduch JM, Potoski BA, Sidjabat HE et al. Activity of temocillin
against KPC-producing Klebsiella pneumoniae and Escherichia coli.
Antimicrob Agents Chemother 2009; 53: 2700–1.

6 Tarnberg M, Ostholm-Balkhed A, Monstein HJ et al. In vitro activity of
b-lactam antibiotics against CTX-M-producing Escherichia coli. Eur J Clin
Microbiol Infect Dis 2011; 30: 981–7.

7 Titelman E, Iversen A, Kahlmeter G et al. Antimicrobial susceptibility to
parenteral and oral agents in a largely polyclonal collection of CTX-M-14
and CTX-M-15-producing Escherichia coli and Klebsiella pneumoniae.
APMIS 2011; 119: 853–63.

8 Kim B, Kim J, Seo MR et al. Clinical characteristics of community-
acquired acute pyelonephritis caused by ESBL-producing pathogens in
South Korea. Infection 2013; 41: 603–12.

9 Balakrishnan I, Awad-El-Kariem FM, Aali A et al. Temocillin use in
England: clinical and microbiological efficacies in infections caused by
extended-spectrum and/or derepressed AmpC b-lactamase-producing
Enterobacteriaceae. J Antimicrob Chemother 2011; 66: 2628–31.

10 De Jongh R, Hens R, Basma V et al. Continuous versus intermittent infu-
sion of temocillin, a directed spectrum penicillin for intensive care patients
with nosocomial pneumonia: stability, compatibility, population pharma-
cokinetic studies and breakpoint selection. J Antimicrob Chemother
2008; 61: 382–8.

11 Taccone FS, Laterre PF, Dugernier T et al. Insufficient b-lactam concen-
trations in the early phase of severe sepsis and septic shock. Crit Care
2010; 14: R126.

12 Roberts JA, Kruger P, Paterson DL et al. Antibiotic resistance—what’s
dosing got to do with it? Crit Care Med 2008; 36: 2433–40.

13 Craig WA, Ebert SC. Continuous infusion of b-lactam antibiotics.
Antimicrob Agents Chemother 1992; 36: 2577–83.

14 Mouton JW, Vinks AA. Continuous infusion of b-lactams. Curr Opin Crit
Care 2007; 13: 598–606.

15 Shull VH, Dick JD. Determination of ticarcillin levels in serum by high-
pressure liquid chromatography. Antimicrob Agents Chemother 1985; 28:
597–600.

16 Mouton JW, Dudley MN, Cars O et al. Standardization of pharmacoki-
netic/pharmacodynamic (PK/PD) terminology for anti-infective drugs: an
update. J Antimicrob Chemother 2005; 55: 601–7.

17 Baririan N, Chanteux H, Viaene E et al. Stability and compatibility study
of cefepime in comparison with ceftazidime for potential administration
by continuous infusion under conditions pertinent to ambulatory treat-
ment of cystic fibrosis patients and to administration in intensive care
units. J Antimicrob Chemother 2003; 51: 651–8.

18 Servais H, Tulkens PM. Stability and compatibility of ceftazidime admi-
nistered by continuous infusion to intensive care patients. Antimicrob
Agents Chemother 2001; 45: 2643–7.

19 Vincent JL, Moreno R, Takala J et al. The SOFA (Sepsis-related Organ
Failure Assessment) score to describe organ dysfunction/failure. On behalf
of the Working Group on Sepsis-Related Problems of the European Society
of Intensive Care Medicine. Intensive Care Med 1996; 22: 707–10.

20 Roberts JA, Webb S, Paterson D et al. A systematic review on clinical
benefits of continuous administration of b-lactam antibiotics. Crit Care
Med 2009; 37: 2071–8.

21 Hanley MJ, Abernethy DR, Greenblatt DJ. Effect of obesity on the
pharmacokinetics of drugs in humans. Clin Pharmacokinet 2010; 49: 71–87.

22 Hsaiky L, Murray KP, Kokoska L et al. Standard versus prolonged doripenem
infusion for treatment of gram-negative infections. Ann Pharmacother
2013; 47: 999–1006.

23 Wolff F, Deprez G, Seyler L et al. Rapid quantification of six b-lactams to
optimize dosage regimens in severely septic patients. Talanta 2013; 103:
153–60.

24 Bo SN, Li HL, Zhu X et al. [Pharmacokinetics of meropenem administered
with prolonged infusion time in patients receiving continuous veno-venous
hemofiltration]. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2012; 24: 145–8.

25 Knaus WA, Draper EA, Wagner DP et al. APACHE II: a severity of disease
classification system. Crit Care Med 1985; 13: 818–29.

26 Craig WA. Basic pharmacodynamics of antibacterials with clinical
applications to the use of b-lactams, glycopeptides, and linezolid. Infect
Dis Clin North Am 2003; 17: 479–501.

Laterre et al.

898

 by Paul T
ulkens on February 28, 2015

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


