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Aims: To describe the pharmacokinetics (PK) of cefotaxime as pre-emptive treatment
in critically ill adult patients, including covariates and to determine the probability of
target attainment (PTA) of different dosage regimens for Enterobacterales and Staph-
ylococcus aureus.

Methods: Five samples were drawn during 1 dosage interval in critically ill patients
treated with cefotaxime 1 g géh or g4h. PK parameters were estimated using NON-
MEM (v7.4.2). The percentage of patients reaching 100% fT>MICgcorr Was used to
compare different dosage regimens for Enterobacterales and S. aureus.

Results: This study included 92 patients (437 samples). The best structural model
was a 2-compartment model with a combined error, interindividual variability on
clearance, central volume and intercompartmental clearance. Correlations between
interindividual variability were included. Clearance increased with higher estimated
glomerular filtration rate (eGFR; creatinine clearance) and albumin concentration. For
Enterobacterales, 1 g g8h reached 95% PTA and continuous infusion (Cl) of 4 g
24 h~! 100% PTA at the highest eGFR and albumin concentration. For S. aureus the
predefined target of 95% PTA was not reached with higher eGFR and/or albumin
concentrations. Cl of 6 g 24 h~ for S. aureus resulted in a minimum of 99% PTA.
Conclusion: Cefotaxime PK in critically ill patients was best described by a
2-compartment model with eGFR and albumin concentration as covariates influenc-
ing clearance. For Enterobacterales 1 g q8h or Cl of 4 g 24 h—! was adequate for all
combinations of eGFR and albumin concentration. For S. aureus Cl of 6 g 24 h™?

1

would be preferred if eGFR and albumin concentration exceed 80 mL min™" and

40 g L~ respectively.
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1 | INTRODUCTION

In recent years, it has become increasingly clear that standard dosage
of antibiotics in critically ill patients may result in inadequate expo-
sure. Optimal dosage is complicated by the heterogeneity of the pop-
ulation and the altered pharmacokinetics (PK) in these patients
compared to healthy volunteers or patients with less severe illnesses
or infections.? Exposure to antibiotics in critically ill patients can be
affected by changes in the PK due to altered renal function (dysfunc-
tion or augmented renal clearance) as well as altered liver function,
volume of distribution and protein binding.2™> Underexposure can
lead to decreased effectiveness and higher morbidity and mortality

2:5-7 while overexposure can result in adverse effects.

rates,

Different strategies have therefore been suggested or utilized to
optimize antibiotic dosage in critically ill patients, including an
increased initial dose of ciprofloxacin, extended infusion or continu-
ous infusion of p-lactams, and routine therapeutic drug monitoring of
antibiotics in critically ill patients.21* Key to these strategies is the
development and use of PK and pharmacodynamic models in order to
establish adequate target attainment, taking into account the high
interpatient variability and the decreased susceptibility of the target
microorganisms.

Cefotaxime is a third-generation cephalosporin, which is used in
the critical care setting to treat infections caused by microorganisms
such as Enterobacterales and Staphylococcus aureus. It is frequently
used as the systemic component for selective digestive decontamina-
tion (SDD) in order to prevent infections with the above-mentioned
microorganisms. SDD is indicated in patients admitted to the intensive
care unit (ICU) who are expected to be mechanically ventilated for
>48 hours or with an expected stay of >72 hours. Therefore, the pop-
ulation of patients on SDD is heterogeneous and includes patients
with burns, trauma, as well as the general ICU population.

Cefotaxime PK in adults has mainly been investigated in the
1980s and early 1990s in healthy volunteers and patients with renal
or liver insufficiency.'>=2% In these studies, cefotaxime showed a fast
and predominant renal elimination with a half-life between 0.8 and
2.42 hours. In healthy volunteers, renal clearance of cefotaxime was
higher than the glomerular filtration rate, suggesting the involvement
of tubular secretion.*> 2! Renal insufficiency resulted in a significantly
decreased clearance and increased half-life.*>1%22 Approximately
20% of the cefotaxime dose is excreted renally as the metabolite
desacetylcefotaxime, which exhibits approximately 12% of the activity
of cefotaxime.?%2%?* Liver dysfunction reduces the formation of
desacetylcefotaxime and causes a slight accumulation of cefotaxime
which is considered to be clinically irrelevant.2%?2 Protein binding in
healthy volunteers ranged from 27-47%.141¢252¢ One study in ICU
patients reported a median protein binding of approximately 30% for
intermittent as well as continuous dosing.**

Although data on the PK of cefotaxime suggests that continuous
infusion might be preferred, more detailed data on the PK and the
probability of target attainment for different microorganisms is
needed to optimize therapy.''?” Therefore, the aim of this study was

to develop a population PK (popPK) model of cefotaxime as pre-

What is already known about this subject

e Only limited pharmacokinetics of cefotaxime is available
in literature showing a predominant renal clearance and a
protein binding of approximately 40%.

e Pharmacokinetics of p-lactam antibiotics, including cefo-
taxime in critically ill patients differ from healthy volunteers
emphasizing the need for data in this specific population.

o Intermittent standard dosage of cefotaxime has a lower
target attainment for Enterobaterales than continuous

infusion.

What this study adds

e Cefotaxime pharmacokinetics was best described in a 2-
compartment model with a combined error and interindi-
vidual variability on clearance, central volume and inter-
compartmental clearance.

o Cefotaxime pharmacokinetics in critically ill shows a large
interindividual variability which can be partly explained
by the covariates estimated glomerular filtration rate and
albumin concentration on albumin.

o Intermitted dosages for the treatment Staphylococcus
aureus need to be adjusted based on estimated glomeru-
lar filtration rate and albumin concentration, while a 6 g
24 h-1 continuous infusion suffices independent of these

covariates.

emptive treatment in critically ill adult patients, including covariates in
order to determine the probability of target attainment of different
dosage regimens for Enterobacterales and S. aureus.

2 | METHODS

The cefotaxime data were obtained as part of the EXPAT study, a
prospective, observational PK/pharmacodynamic study of several
antibiotics in the ICU departments of the Erasmus Medical Center and
Maasstad Hospital, Rotterdam, the Netherlands.**

2.1 | Study design and population

Patients on intermittent intravenous cefotaxime were enrolled
between January 2016 and June 2017 if they were 218 years and
admitted to the ICU with an expected stay of >72 hours. Patients were
excluded if written informed consent was not obtained, if admittance

to the ICU was due to burn wounds, or if cefotaxime therapy was
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discontinued prior to sampling. Cefotaxime was prescribed in a dosage
of either 1 g every 6 hours (qéh) or 1 g g4h according to the SDD pro-
tocol and at the discretion of the attending physician for selective

bowel decontamination with or without additional treatment.

2.2 | Blood sampling and assay

Five blood samples per patient were collected at 15-30 minutes before
the start of a dose, 15-30 minutes after administration, 1 and 3 hours
after the end of infusion, and just before the next administration. Blood
samples were taken on day 2 after the start of cefotaxime. Cefotaxime
was infused in 1 minute up to 1 hour. Blood samples were centrifuged
and plasma was stored at —80°C until analysis. Exact sampling times
were recorded as well as the time of dosage administration and infu-
sion rate. Total cefotaxime plasma concentrations were measured using
a multianalyte ultraperformance liquid chromatography-tandem mass
spectrometry assay,2® validated in accordance with the Food and Drug
Administration guidance on bioanalytical method validation.?’ Samples
above the linearity of the calibration curves (0.25-12.5 mglL™?%

R? > 0.99) were diluted according to standard dilution protocol.

2.3 | Clinical data collection

Clinical and other data collected were age, sex, weight, height, serum
creatinine concentration, estimated glomerular filtration rate (eGFR),
calculated using the Chronic Kidney Disease Epidemiology Collabora-
tion formula, urea concentration, C-reactive protein, albumin concen-
tration, body temperature, white blood cell count, continuous renal
replacement therapy (CRRT), SOFA (Sequential Organ Failure
Assessment) score, APACHE II, Acute Physiology and Chronic Health

Evaluation I, and fluid balance.

24 | Structural model
Parametric popPK modelling and simulations were performed using
NONMEM (nonlinear mixed effects modelling v 7.4.2, ICON Develop-
ment Solutions, Ellicot City, MD, USA). To evaluate and visualize the
different models, R Studio (version 1.1.463), R (version 3.5.2), Xpose
(version 4.6,1) and PsN (version 4.8,1), were used in combination with
the graphical user interface Pirana (version 2.9.7).

Data were used untransformed. The first-order conditional
estimation method was used to analyse data. Samples below the level
of quantification were not taken into account, but were confirmed

after model development by simulating the concentration.

2.5 | PKanalysis and model evaluation

One-, 2- and 3-compartment models were tested to fit the cefotaxime

concentration data, using first order elimination by terms of clearance
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(CL), volume of distribution of the central compartment (V1) and
peripheral compartments (V2 and V3), and the intercompartmental
clearance of cefotaxime between the central and peripheral compart-
ments (Q1 and Q2). Model fit was evaluated using the precision of
parameter estimates, objective function value (OFV), shrinkage values
(below 20% was considered acceptable),3C as well as visual inspection
of the goodness of fit (GOF) plots, visual predictive check and normal-
ized prediction distribution error. The interindividual variability (IIV)
was tested on all parameters as was covariance between random
effects by means of omega block. An exponential model was used to
estimate the IIV on each parameter. 11V was considered log-normally
distributed and n-values normally distributed.

A combined proportional and additive model was used for the

residual variability.

2.6 | Covariate analysis

Covariate analysis was subsequently performed to study whether part
of the IIV in the data could be explained by inclusion of 1 or more of
the parameters as described under data collection. Continuous covari-
ates were normalized to the population median and implemented by
use of an exponential model. For binary variables a proportional
model was used. Significant covariates were identified by forward
inclusion followed by backward elimination. The level of significance
used for forward inclusion was 0.05 (decrease in OFV of at least 3.84)
and 0.001 (decrease in OFV of at least 10.83) for backward
elimination.

2.7 | Determination of the probability of target
attainment

Monte Carlo simulations (n = 5000) were performed on steady state
concentrations with the final model to determine probability of target
attainment (PTA) for a range of minimum inhibitory concentration
(MIC) values. Covariates were evaluated in the range in which they
predominantly occurred in the dataset, to avoid extrapolation: for
eGFR 10, 30, 50, 80, and 100-mL min—* were used; and for albumin
concentration 20, 30, and 40 g L™%. A protein binding of 30% was
used.’ Different intermittent dosage regimens were simulated,
including the dosing regimens in our study population (1 g g6 h and
1 g g4h) and the regimens recommended by the EUCAST (1 gq8h,2 g
g8h and 2 g q6h).2! For all intermittent dosage regimens, a duration of
infusion of 15 minutes was used.

Finally, continuous infusion of 4 and 6 g/d was simulated.

The percentage of patients reaching 100% fT>MIC was used to
determine target attainment of the different dosage regimens for
Enterobacterales (such as Escherichia coli and Klebsiella pneumoniae,
but excluding those with chromosomal AmpC-enzymes) and S. aureus.
For these microorganisms, the epidemiological cut-off (MICgcorg) of
0.25 and 4 mg L™, respectively, were used.?* A target attainment of

95% of patients reaching 100% fT>MIC was considered adequate.
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3 | RESULTS
3.1 | Study population

In total, 93 patients were included. One patient was excluded due to
an impossible concentration-time profile (no increase in cefotaxime
TABLE 1 Patient characteristics

Characteristics n=292

Demographic data

Sex (M/F) 57/35

Age (y) 64 (23-85)

Body weight (kg) 76 (45-150)

Height (cm) 171(143-196)

BMI (kg/m?) 26 (17.8-46.3)
Clinical data

APACHE Il 23(7-71)

SOFA score 13 (1-21)
Biological data

Serum creatinine (umol L) 98 (5-913)

eGFR (mL min~*/1.73m?) 57 (4-347)

Albumin (g L™%) 26 (11-47)

C-reactive protein (mg L™%) 127 (0-488)

Leucocytes (x 10 cells L™?) 13 (0.9-100)
Extracorporeal circuits

CRRT 5(5.4%)

Data are expressed as n (%) or median (range) M, male; F, female; BMI,
body mass index; SOFA score, Sequential Organ Failure Assessment score;
APACHE Il, Acute Physiology and Chronic Health Evaluation II; ICU,
intensive care unit; eGFR, estimated glomerular filtration rate, calculated
using the Chronic Kidney Disease Epidemiology Collaboration formula;
CRRT, continuous renal replacement therapy.

TABLE 2 Model parameters and estimates

concentration after presumed administration of cefotaxime), leaving
92 patients in the final analysis. A total of 453 blood samples were ana-
lysed. Seven samples were not drawn. Sixteen samples were excluded:
9 samples were drawn after a second administration of cefotaxime
with an unknown administration time; 4 samples were drawn during
administration of cefotaxime; 2 samples were below level of quantifica-
tion (0.5%); and 1 sample was physiologically impossible (998 mg L™1%),
resulting in a total of 437 observations in the final database. 80 patients
received 1 g g6h and 12 patients 1 g g4h. Basic patient characteristics
showed a large variability among patients (Table 1).

3.2 | PopPK model

The best structural model was a 2-compartment model with a com-
bined error and an IIV on CL, V1 and Q. The model control stream is
available as Supplementary data (S1). Correlations between the IV
were included using an omega block. CL increased with higher eGFR
and higher albumin. No other significant covariates were found. The
covariates could explain 48% of the IV on clearance. Table 2 shows
the parameter estimates of the final model including covariates and
the structural model. Clearance of cefotaxime is described by the fol-
lowing formula, in which the eGFR and albumin concentration are
divided by the median.

CL=7.08" (eGFR/57)°'477* (albumin concentration,/26)%4*.

3.3 | Model evaluation
Figure 1 shows the goodness of fit plots of the final model including

covariates. Both the individual and population predictions showed an

equal distribution around the line of unity when plotted against the

Final model including covariates

Base model
Parameter Estimate
CL(Lh™) 6.76
V1(L) 15.5
V2 (L) 24.8
QLh™) 5.11
Additive error (mg LY 0.618
Proportional error 0.196
Covariate eGFR on CL -
Covariate albumin concentration on CL =
Variability on CL, % [shrinkage] 69.6 [1.1]
Variability on V1, % [shrinkage] 35.8 [10.1]
Variability on Q, % [shrinkage] 76.2 [14.2]

Rel. SE (%SE) Estimate Rel. SE (%SE)
7.7 7.08 54
6.6 15.70 6.2
34.3 25.00 37.0
227 4.81 152
52.8 0.617 25.9
9.8 0.191 8.6
- 0.477 15.7
= 0.640 24.8
9.0 50.3[2.2] 11.8
18.9 34.9 [13.3] 16.1
20.3 92.1[17.3] 138

Model parameters of the final model including covariates and the structural model. CL, clearance of cefotaxime; V1, volume of distribution in the central
compartment; V2, volume of distribution in the peripheral compartment; Q, intercompartmental clearance; IV, interindividual variability; eGFR, estimated
glomerular filtration rate, calculated using the Chronic Kidney Disease Epidemiology Collaboration formula; Rel SE, relative standard error.
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FIGURE 1 Goodness-of-fit
plots final model including 200 -
covariates. (A) Observed
concentrations plotted against
population predicted
concentrations. (B) Observed
concentrations set against
population predicted
concentrations. The line identifies
the line of identity.
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FIGURE 2 Visual predictive check final model including
covariates. Observed cefotaxime concentration-time after dose and
the visual predictive check of the final model. Blue brackets, observed
concentrations; red line, observed median; dotted red lines, the 5th
and 95th percentiles of the observed data; red shaded area, the 95%
confidence interval of the model-predicted median; blue shaded
areas, the 95% confidence intervals of the model-predicted 5th and
95th percentiles.

observed concentrations. The visual predictive check (Figure 2) shows
that most of the median observations were within the 95%Cl of the
models' predictions, indicating a good model predictability. The nor-
malized prediction distribution error shows no relevant trend or devia-
tion (Figure S2).

34 | PTA

For Enterobacterales, 100% fT>MIC is reached in almost all intermit-
tent dosage regimens and eGFR and albumin concentration combina-
tions, with even the lowest dosage regimen of 1 g q8h reaching 95%
PTA at the highest eGFR and albumin concentration. Figure 3 shows
the percentage of patients reaching 100% fT>MIC of the different
dosage regimens for S. aureus (MICgcorr 4 mg L™ plotted against dif-
ferent combinations of eGFR and albumin concentration.

For S. aureus the target is only reached at fairly low eGFR and/or

albumin concentration in all intermittent dosage regimens. The 1 g

1 1 1
0 50 100 150 200
Individual predicted (mg/L)

g8h regimen does not reach the target of 95% of patients reaching
100% fT>MIC when the eGFR or albumin concentration is higher than
10 mL min~* and 30 g L%, respectively. A combination of an eGFR of
100 mL min~* and albumin concentration of 40 g L~ reduces the
percentage of patients reaching target to 14%. Increasing the interval
or the dose to 2 g q8h, 1 g g6h, 2 g g6éh, or 1 g g4h results in percent-
ages of 34, 25, 54, and 54%, respectively, for the same combination
of eGFR and albumin concentration. At the approximately median
eGFR (50 mL min~?) and albumin concentration (30 g L™%) percent-
ages were 48% (1 g q8h), 77% (2 g q8h), 70% (1 g q6h), 90% (2 g q6h)
and 86% (1 g g4h).

However, continuous infusion of 4 g/d would be adequate for
Enterobacterales (PTA of 100% for the highest eGFR and albumin
concentration), and would also suffice for S. aureus at an eGFR of
80 mL min~! or less and albumin concentration of 40 g L™ or less.
Otherwise, 6 g Cl/d would be needed.

4 | DISCUSSION

The aim of this study was to describe the PK with a popPK model of
cefotaxime as pre-emptive treatment in critically ill adult patients,
including covariates and subsequently recommend optimal dose regi-
men for Enterobacterales and S. aureus.

The PK of cefotaxime in 92 critically ill patients included in this
study was best described by a 2-compartmental model with a com-
bined error and IIV on CL, V1 and Q. Both the eGFR and the albumin
concentration were positively related to clearance of cefotaxime.
eGFR and albumin concentration accounted for 48% of the IIV. Con-
sequently, high eGFR and albumin concentration resulted in a
decrease in target attainment even for Enterobacterales (MICgcorr
0.25 mg L™ in the lower intermittent dosage regimen (1 g q8h). Con-
tinuous infusion of 4 g/d would suffice for Enterobacterales. For
S. aureus (MICgcorr 4 mg L™Y) target attainment of 100% fT>MIC
could only be reached at low eGFR and albumin concentration, while
a 6 g/d continuous infusion would cover S. aureus at all combinations
of eGFR and albumin concentration in this study.

The analysis was focused on Enterobacterales and S. aureus, since
those are the target bacteria in SDD. However, the results for Entero-

bacterales can also be used for other species with lower MICgcorr,
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FIGURE 3 PTA of different dosage regimens and combinations of eGFR and albumin concentration for Staphylococcus aureus (MICgcorr
4 mg L™1). PTA, probability of target attainment (percentage) of patients who reached 100% fT>MIC; eGFR, estimated glomerular filtration rate,
calculated using the Chronic Kidney Disease Epidemiology Collaboration formula; Cl, continuous infusion.

such as Streptococcus pneumoniae and Haemophilus influenzae (both
MICecore 0.064 mg L™1).

Compared to previous studies on the PK of cefotaxime, clearance
of cefotaxime in our study in critically ill patients was markedly lower
than in healthy volunteers, namely 12.7-23.5 L h™! compared to
7.08 L h=1.%6-20 Thjs might be explained by the high eGFR in healthy
volunteers of 129 mL min~* on average, while the median eGFR in
this study population was 57 mL min~%.2¢2° Total volume of distribu-
tion was almost twice as high in critically ill patients, 40.7 vs. 21.6 L
on average in healthy volunteers, which is probably due to expansion
of the interstitial space because of capillary leakage combined with
fluid loading.*'¢~2° Compared to a previous popPK study of cefotax-
ime as empirical treatment in critically ill patients, clearance was lower
and volume of distribution higher.>? The former might be explained
by the high median eGFR of the patients included by Swartling et al.
namely 94 mL min~! compared to 57 mL min~! in our population.
The latter could be caused by a sample size difference, as the model
of Swartling et al. was based on mid and trough samples only, result-
ing in a less precise description of the PK.

In this heterogeneous study population, 2 significant covariates
were found to be positively related to an increase in clearance, namely
the eGFR and the albumin concentration. The effect of the eGFR is
probably explained by the predominant renal clearance of cefotaxime
and has also been identified by the studies of Swartling et al. and
Aardema et al.*132

In the study of Swartling et al., a change in eGFR of 10 mL min~*
increased clearance by 0.74 L h™! for eGFRs at or below
120 mL min~%. In our exponential model, the increases in clearance
are consistent with these result ranging from 0.42-0.99 L h™* per
10 mL min~?* with a smaller increase in clearance at higher eGFRs.

Comparing our data to those of Aardema et al. we find similar
results as well. Aardema et al. reported that the eGFR was significantly
higher in patients who did not reach the target of a total concentra-
tion of 4 mg L™t compared to patients who did. The median eGFR
was of 114 mL min~? (interquartile range [IQR] 84-173 mL min™2) vs.
65 mL min~! (IQR 30-99 mL min~1), respectively. In our population,
we find a median eGFR of 104 mL min~* (IQR 78-119 mL min~?) in

patients not attaining target compared to 49 mLmin~! (IQR 26-
89 mL min~Y) in patients who reached target.

The effect of the albumin concentration is more difficult to inter-
pret, as cefotaxime exhibits relatively low protein binding. This implies
that clearance is less dependent on changes in free concentrations
compared to what can be expected for drugs that have a high protein
binding (>90%). In the latter, this correlation would be the other way
around: a decrease in albumin concentrations can lead to an increase
in free concentration available to be eliminated from the body and
therefore an increased clearance.®® In terminally ill patients, it has
been proposed that hypoalbuminemia can be an expression of inflam-
mation, which can decrease CYP3A activity, subsequently increasing
drug clearance.®* Cefotaxime, however, is predominantly cleared ren-
ally and to a lesser extent metabolized by acetylation and not by oxi-
dation, ruling out a significant involvement of CYP3A.
Hypoalbuminaemia may be the result of several disease driven physi-
ological changes apart from inflammation, such as trans capillary
escape in sepsis, malnutrition, downregulation of synthesis by stress
response and malignancies.33 Possibly, in our study, higher albumin
concentrations might be indicative of less severe illness and, overall,
fewer physiological changes that can influence PK. However, SOFA
and APACHE score did not influence clearance significantly, showing
no change and an increase in objective function in the forward covari-
ate analysis, respectively. In the elderly, a similar effect of albumin
was seen in a study by Urien et al.>> However, a previous study by
Aardema et al., comparing 1g4h intermittent dosing of cefotaxime to
continuous infusion of 4 g 24 h~1 in critically ill patients did not find
albumin concentration to be of influence.?

Comparison of PTA results is difficult due to the heterogeneity of
critically ill patients. Aardema et al. showed that 96,4% of patients
reached and maintained target attainment 100% fT>MIC for continu-
ous infusion of 4 g 24 h™!, while intermittent dosing of 1 g géh
resulted in 71.4% PTA for an MIC of 1 mg L~2.2* In our population we
find that, when using the same methods as described by Aardema
et al., 77.6% of patients in the 1 g qéh group reached target, which is
in a similar range. Extrapolating our simulated data to the median con-

ditions used in this study, continuous infusion would result in 100%
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PTA. In the Cl group of Aardema et al., a quarter of patients had an
eGFR above 107 mL min—2, which in our simulations decreases PTA.
This might explain the difference in PTA between the 2 studies. The
higher PTA reached in continuous administration is obvious, though.

Furthermore, different targets for f-lactam antibiotics are used in
literature for PTA and can be discussed. In children and neonates tar-
gets ranged from 75 to 100%.%¢ In adults, targets of 100% of total or
free concentration above or 4-5 times above the (actual measured)
MIC have also been used in the critically ill.}*?7*7-38 |n concordance
with Aardema et al. we used 100% fT> MICgcorr. The MICgcorr Was
used to account for variability in MIC testing and natural variability
within isolates.®? The use of the MICgcorr instead of measured MIC
compensates also partly for the factor 4-5 used in other studies.
While 40-60% fT>MIC should be reached to treat infections with
cephalosporins and targets for prophylactic use have not been well
established, we chose 100% fT>MIC due to the severity of illness in
this specific population.

One of the limitations in our study is that we did not measure the
desacetylcefotaxime metabolite. However, desacetylcefotaxime con-
centrations are low compared to cefotaxime concentrations and activ-
ity is considered negligible compared to cefotaxime. 11212224 |n
continuous infusion, total concentrations of desacetylcefotaxime were
40% of total cefotaxime concentrations.' Taking into account an
antimicrobial activity of approximately 12%, the contribution of desa-
cetylcefotaxime would therefore be 5% of the antimicrobial activity of
cefotaxime. However, practically, this limitation has no clinical impact
since EUCAST based clinical breakpoints for the dosing regimens on
the parent drug only.

Furthermore, in our study we simulated continuous infusion
based on a model built on intermittent dosing. However, we do not
expect PK parameters of cefotaxime to change depending on dosing
strategy. We expect that the heterogeneity of critically ill patients is
of much more influence on PK parameters and possible differences in
results between studies.

One patient had very low creatinine concentrations resulting in
an eGFR of > 300 mL min~!. Limiting the eGFR of this patient to
141 mL min~1, the second highest eGFR in our study, showed no
marked effect on the estimates.

In our study CRRT was not found to be a significant covariate.
CRRT was only registered at baseline CRRT was included as a binary
covariate as data on duration and continuation of CRRT during sam-
pling were not present. Excluding the 5 patients on CRRT from the
analysis did not markedly influence the PK estimates. The exact effect
of CRRT on the PK of cefotaxime needs to be further investigated.

Overall, we described the PK of cefotaxime in a clinically relevant
and heterogeneous population, the critically ill patient, using a dense
sampling schedule. Our model can be used for initial dose estimation
based on eGFR and albumin concentration, if necessary, followed by
therapeutic drug monitoring in the individual critically ill patient with a
high risk of target nonattainment (high eGFR and albumin concentra-
tion), Total concentrations can be used as protein binding is suffi-

ciently constant among ICU patients.**
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We found that eGFR and albumin concentration significantly
influence clearance of cefotaxime and target attainment. To optimize
treatment in the heterogeneous population of critically ill patients, we
recommend further research to investigate the PK and target attain-
ment in subpopulations, such as patients on CRRT and septic patients
in which other bacteria, besides those primarily targeted by SDD, for
instance S. pneumoniae, also need to be covered.

In conclusion, in the 92 critically ill adult patients in this study,
cefotaxime PK is best described by a 2-compartment model with the
eGFR and the albumin concentration as covariates influencing clear-
ance. For the treatment of Enterobacterales, 1 g q8h or Cl of 4 g
24 h~1 is adequate at all combinations of eGFR and albumin concen-
tration. If treatment for S. aureus is also indicated, the use of Cl of 6 g
24 h~! would be preferred if eGFR and albumin concentration exceed

80 mL min~t and 40 g L™ respectively.
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