
HAL Id: hal-04353098
https://hal.science/hal-04353098

Submitted on 19 Dec 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Pharmacokinetics of cefotaxime in intensive care
patients: exploration of the sources of variability with a

population model
Anthea Deschamps, Lionel Velly, Elisabeth Jouve, Romain Guilhaumou,

Florence Gattacceca

To cite this version:
Anthea Deschamps, Lionel Velly, Elisabeth Jouve, Romain Guilhaumou, Florence Gattacceca. Phar-
macokinetics of cefotaxime in intensive care patients: exploration of the sources of variability with a
population model. PAGE 2023 - 31th Annual Meeting of the Population Approach Group in Europe,
Jun 2023, La Corogne, Spain. pp.10667. �hal-04353098�

https://hal.science/hal-04353098
https://hal.archives-ouvertes.fr


                                               

                          

            

                  

              

                 

  

  

   

       

        
  

                       

                                       

                      

                   

                       
               

   

             

 

                                        
               

[1] Smekal, A.-K.; Furebring, M.; Eliasson, E.; Lipcsey, M. Low Attainment to PK/PD-Targets for β-Lactams in a Multi-Center Study on the First 72 h of Treatment in ICU Patients. Sci. Rep. 2022, 12 (1), 21891. 

[2] Roelofsen, E. E.; Abdulla, A.; Muller, A. E.; Endeman, H.; Gommers, D.; Dijkstra, A.; Hunfeld, N. G. M.; de Winter, B. C. M.; Koch, B. C. P. Dose Optimization of Cefotaxime as Pre‐emptive Treatment in Critically Ill Adult Patients: A Population 

Pharmacokinetic Study. Br. J. Clin. Pharmacol. 2023, 89 (2), 705–713

|3] Swartling, Maria, Anna-Karin Smekal, Mia Furebring, Miklos Lipcsey, Siv Jönsson, et Elisabet I. Nielsen. « Population Pharmacokinetics of Cefotaxime in Intensive Care Patients ». European Journal of Clinical Pharmacology 78, no 2:251 58. 

[4] Delattre, I. K.; Musuamba, F. T.; Jacqmin, P.; Taccone, F. S.; Laterre, P.-F.; Verbeeck, R. K.; Jacobs, F.; Wallemacq, P. Population Pharmacokinetics of Four β-Lactams in Critically Ill Septic Patients Comedicated with Amikacin. Clin. Biochem. 

2012, 45 (10–11), 780–786. 

C. Vaghi
1Anthea Deschamps1,2 , Lionel Velly3, Elisabeth Jouve2 , Romain Guilhaumou2, Florence Gattacceca1

(1) COMPO team, Centre Inria Sophia Antipolis - Méditerranée, CRCM - Inserm U1068 - CNRS UMR7258 - Aix-Marseille University UM105 - Institut Paoli-Calmettes, Marseille, France

(2) Aix Marseille University, APHM, INSERM, CIC CPCET Service de Pharmacologie Clinique et Pharmacovigilance, INS Inst Neurosci Syst, Marseille, France

(3) Department of Anaesthesiology and Critical Care Medicine, University Hospital Timone, Marseille, France

Pharmacokinetics of cefotaxime in intensive care patients: 

exploration of the sources of variability with a population model

Aim: To perform cefotaxime a priori dosing adjustment based on a population PK approach encompassing time-varying physio-pathology 

• Prospective, multicenter, observational study (October 2015 - May 2017) conducted in ICUs of Marseille 

Analysis plan SCM: stepwise covariate model procedure with forward (α =0.05) and 

backward steps (α =0.01), power and exponential relationships tested

• One-compartment model with proportional residual error

Representative individual fits with interpolation of creatinemia a,d,f,g: purple line: 

prediction using the estimated individual, blue dot: observed data b,e: black line serum creatinine in backward interpolation, grey dot 
: observed data, dashed grey line: normal values

• High inter- and intra-variability of cefotaxime PK in ICU patients was partly explained by time-varying creatinine covariate

• A creatinine biomarker model will be developed to anticipate serum creatinine variations and consequences on PK

• Beta-lactam antibiotics commonly used in intensive care unit (ICU)

• Patho-physiological modifications     → High inter- and intra-individual pharmacokinetic (PK) variability

Supra or sub-therapeutic concentrations                     Need for a personalized drug dosing regimen

METHODS

Collected data BSA: body surface area determined using the Dubois and Dubois formula, eCLcr: estimated creatinine clearance determined using the 

Cockcroft and Gault formula, iCLcr: indexed clearance creatinine: iCLcr=
1.73

𝐵𝑆𝐴
𝑥

𝑈𝑟𝑖𝑛𝑒 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒 𝑥 𝑈𝑟𝑖𝑛𝑒 𝑣𝑜𝑙𝑢𝑚𝑒

𝑆𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑒
, Severity score: SAPS_II Simplified Acute Physiology 

Score 2; SOFA: Sepsis-related Organ Failure Assessment, Data are number (%) or median, minimum and maximum

Constant covariates: Age and BSA

Parameter Estimates RSE (%)[SHR](%)
Fixed effects

CL (L/h) 10.44 4.56

V (L) 23.02 5.89

Covariate effects

βCL_Age -0.62 18.3

βCL_BSA 1.53 24.0

βCL_creatinine -0.64 14.7

Random effects

IIV CL 0.31 11.4 [-7.82] 

IIV V 0.37 14.8 [3.56]

ε 0.3 6.66

Final Parameter estimates
RSE relative standard error, SHR 

shrinkage, CL clearance, V distribution 

volume, IIV inter-individual variability, ε 

proportional residual error

Green: constant covariates effect on CL, 

Purple: time-varying covariate effect on CL
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Goodness of fit plots a: orange line: spline, dashed black line: 90% prediction interval, b: IWRES: individual 

weighted residuals, dashed line: theorical mean and predicted percentiles, blue line: empirical percentiles 

• Population PK analysis: MONOLIX 2023R1 software
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Model Δ BICc 

Baseline covariates -10.16

Regressor covariates
Forward interpolation

-6.41

Regressor covariates
Backward interpolation

-15.45

• Dosing regimen: Loading dose (2g-4g/0.5h) followed by continuous infusion (1-24g/24h) over 7 days

Serum creatinine intra-variability
Lines: One color per individual, grey dot: observed data

Δ𝑆𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒 =
𝑆𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒𝑡−𝑆𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑖𝑛𝑒𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

𝑆𝑒𝑟𝑢𝑚 𝑐𝑟𝑒𝑎𝑡𝑖𝑛𝑒𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒
x100

Model building BICc: Corrected Bayesian Information 

Criteria, Δ: difference from base model (w/o covariate)

Forward interpolation: last observation carried backward

Backward interpolation: next observation carried backward

Time-varying covariates : Serum creatinine

Contact

Anthea DESCHAMPS

anthea.deschamps@etu.univ-amu.fr
https://team.inria.fr/compo/

Power law relationship

CREATINIE BACKWARD INTERPOLATION
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