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Introduction

Critically ill patients are subject to important pharmacokinetic alteration that can lead to under- or over-exposure.
Children and neonates undergo physical growth and organ maturation that alter drug exposure.

Children with sickle cell disease (SCD) frequently experience organ dysfunctions. [1]

Cefotaxime is one of the most prescribed antibiotics in pediatric intensive care units. [2, 3]

L. N
Objectlves: The aim of this study is to describe the pharmacokinetics of cefotaxime and its main

metabolite desacetyl-cefotaxime in critacally ill children and children living sickle cell disease, assess

Kcurrent dose recommendations and suggest alternative doses for this population if nessecary. Y

Materials and Methods

Population studied: cChildren were hospitalized in intensive care unit (ICU) at Necker-Enfants Malades Hospital between 2015 and 2021. Main inclusion criteria was children from
pediatric ICU, aged less than 18 years old and receiving intraveinous cefotaxime doses.

Assay: Both cefotaxime and its main metabolite the desacetyl-cefotaxime plasma concentrations were measured using
high-performance liquid chromatograpy (HPLC) with UV wavelength or HPLC-tandem mass spectrometry (LC-MS/MS).

Samples: Blood samples were collected as part of
their therapeutic drug monitoring.

/I\/Iodeling_:A pharmacokinetic analysis has been performed to charcterize cefotaxime and decatyl-cefotaxime time-concentration profiles via a population approach using Monolix. [4] X

Simulations: 500 Monte-Carlo simulations of trough and steady-state concentrations were computed according to various administraton settings for each patient. Tested doses were 100,

150, 200, 300 and 400 mg/kg/J every 4 hours or 6 hours, through a 30-minutes infusion or through a continious infusion. Simulations were used to calculate probability of target attainements
(PTA).
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Pharmacokinetic target: Cefotaxime free concentrations should be 100% of the time above four times the minimum inhibitory concentration (fT>4xMIC), and trough concentrations
@r) or steady-state concentrations (CSS) below 60 mg/L. Cefotaxime free fraction is assumed to be 70%. /
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Figure 1. Schematic representation of the final cefotaxime/desacetyl-cefotaxime
pharmacokinetic model.

Pharmacokinetic model:

Data was best described by:

* A two-compartment model for cefotaxime with first- : :
order absorption and elimination * On average, 26% of cefotaxime total dose Is ‘E;gm . .:.3 . %znn- — e
metabolised to its desacetyl-derivative form = Lo 5 o
« An aditionnal compartment for desacetyl-cefotaxime “gmn- T g i '__t-_ et *Emu- - t‘_ J_ LR
to represent the me_taboli_zation process « CL and Kem were on average 60% higher £ | LI 2 o o
* Allometically scaling with bodyweight for patients with augmented renal clearance e T A a—

Fopulation prediction (mg/L) Individual prediction {(mg/L)

(i.e. eGFR > 200 mL/min/1.73 m?) compared

An effect of eGFR on non-metabolic cefotaxime

. 3 3
elimination (CL) and desacetyl-cefotaxime elimination to other patients 2 ) -
kem _ _ _ w w : .
(kem) « Patients with SCD had CL increased by 35% g g o0 :
+ An effect of sickle cell status on non-metabolic compared to other patients ; j '
cefotaxime elimination (CL) 3 | al | | | |
12.5 0 50 100 150 200

 |n term newborns, 50% of adult elimination
capacities were acquired within the first
week of life

Fredicted concentration (mg/L)

A hill equation using post-mentrual age to represent
maturation of elimination function (CL and CLm) for
neonates:

f mat (%) —

Figure 2. Diagnostic plots of the final cefotaxime/desacetyl-cefotaxime pharmacokinetic
model. Blue dots reprent cefotaxime observations, red dots represent desacetyl-
cefotaxime observations. Dashed orange curve represents the spline.
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Simulations:

* Poor pharmacokinetic target attainements are observed with
a « standard » dose of 30-minutes cefotaxime infusion of 100
mg/kg/day every 6 hours within this population
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Figure 3. Barplots of simulated cefotaxime trough concentrations for an administration of 100 mg/ka/day
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—— every 6 hours through a 30-minutes infusion. Blue bars represent the percentage of trough concentrations

below the target. Green bars represent the percentage of trough concentrations within the target. Red bars Table.l Cefotaxime dosing recommendations (and their respective PTA expressed in percentage)
represent the percentage of trough concentrations above the target.

R N A N administered through continuous perfusion (Cl) or 30-minutes infusion every 4 hours (g4h), according to
: ) " patient characteristics and based on 500 simulations for each patient of our population
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Conclusion

While creating this cefotaxime/desacetyl-cefotaxime population PK model, we identified bodyweight, SCD status and eGFR as significant covariate that influence cefotaxime PK.
Continuous infusion was the most performant way to achieve the pharmacological target in critically ill children and neonates, making a first necessary step toward

dndividualized prescription in this fragile population. )
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