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Rappels généraux de Pharmacocinétique
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Rappels généraux de Pharmacocinétique

Rôle des inhibiteurs et inducteurs
- enzymatiques (ex: CYP450, UGT)
- transporteurs (BCRP, P-Gp,…)
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ex: CYP450, UGT,…

ex: P-Gp, BCRP, 
CYP450,…

ex: P-Gp,..



Rappels généraux de Pharmacocinétique (2)
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Modifications des paramètres PK en 
réanimation
• Absorption et distribution :

• Absorption orale altérée :
• péristaltisme intestinal, 
• biodisponibilités des comprimés écrasés,…
è privilégier les formes intraveineuses

5Zagli et al, Fundamental & Clinical Pharmacology 2008
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Modifications des paramètres PK en 
réanimation
• Absorption et distribution :

• Absorption orale altérée :
• péristaltisme intestinal, 
• biodisponibilités des comprimés écrasés,…
è privilégier les formes intraveineuses

• Modifications du volume de distribution :
• soluté de remplissage, 
• ascite, 
• ventilation mécanique et débit lymphatique pulmonaire diminué
• deshydratation intra- ou extra- cellulaire…

• Modifications de la fixation protéique :
• Forme ACTIVE = forme LIBRE
• attention au taux de protéines plasmatiques pour les molécules fortement liées

7Zagli et al, Fundamental & Clinical Pharmacology 2008



Modifications des paramètres PK en 
réanimation (2)
• Métabolisme et élimina.on :

• Si défaillance hépa.que : diminu/on du métabolisme hépa/que 
• Risques d’interac.ons médicamenteuses +++

• Inducteurs enzyma7ques : phénytoine, phénobarbital, carbamazépine, rifampicine, 
inhibiteurs de la pompe à proton…

• Inhibiteurs enzyma7ques : voriconazole, itraconazole, posaconazole, ritonavir,…
• A=en/on aux effets inhibiteurs des cytokines pro-inflammatoires

8Zagli et al, Fundamental & Clinical Pharmacology 2008



Modifications des paramètres PK en 
réanimation (2)
• Métabolisme et élimination :

• Si défaillance hépatique : diminution du métabolisme hépatique 
• Risques d’interactions médicamenteuses +++

• Inducteurs enzymatiques : phénytoine, phénobarbital, carbamazépine, rifampicine, 
inhibiteurs de la pompe à proton…

• Inhibiteurs enzymatiques : voriconazole, itraconazole, posaconazole, ritonavir,…
• Attention aux effets inhibiteurs des cytokines pro-inflammatoires

• Insuffisance rénale
• Hyperclairance (exemple des grands brulés,…)
• Impact des hémofiltrations, dialyse péritonéale et hémodialyse continue ou 

intermittente, etc…
9Zagli et al, Fundamental & Clinical Pharmacology 2008



Pénétration des antiviraux dans les 
compartiments profonds
• Exemple du passage dans le système nerveux central
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Pénétration des antiviraux dans les 
compartiments profonds
• Exemple du passage dans le système nerveux central
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Inflammation



Pénétration des médicaments dans les 
compartiments profonds
• Quels composés pénètrent dans les compartiments profonds ?

• Fixation aux protéines plasmatiques,
• Lipophilie/hydrophilie,
• Poids moléculaire (<1000 Da),
• Demi-vie d’élimination plasmatique, …

• Bon usage du dosage en pharmacologie :
• Toujours prélever un échantillon plasmatique en parallèle du liquide de 

ponction (LCR, LBA, etc…)
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Impact de l’inflammation sur la pénétration 
centrale des composés
• Augmentation de la perméabilité

• Libération de cytokines (TNF-α, IL-1β, IL-6) :
• à Altération des jonctions serrées entre les cellules endothéliales de la BHE
• Altération de l’expression des gènes codant les transporteurs d’efflux comme 

la P-glycoprotéine (P-gp)

• Perturbation de l’homéostasie du cerveau
• Régulation du passage des nutriments, ions et neurotransmetteurs
• Conséquence sur le passage de fluides (composés hydrophiles +++)

13



Relation PK-PD : classification des 
antibiotiques

14Rodriguez-Gascon et al, Pharmaceutics, 2021



Effet de l’exposition sur le risque de sélection 
de sous population de bactéries résistantes 

15Rodriguez-Gascon et al, Pharmaceutics, 2021

Mutant Prevention Concentration

Mutant Selection Window



Recommandations SFPT/SFAR (2019)

16Guilhaumou et al, Crit Care, 2019



Recommandations SFPT/SFAR (2019)

17Guilhaumou et al, Crit Care, 2019



Recommandations SFPT/SFAR

• Evaluer chaque jour toutes les sources de variabilités PK 
(catécholamines, remplissage vasculaire, défaillance d’organes, 
thérapies extra-corporelles, etc…)
• Evaluer le débit de filtration glomérulaire (U x V/P)au début de ttt et 

à chaque changement de condition
• Mesurer l’albumine (ou au moins les protéines plasmatiques)
• Evaluer %fT > 4-8 x CMI 
• Envisager une dose de charge avant toute administration continue
• Effectuer un STP si présence d’une source de variabilité PK ou toxicité, 

EER, etc..
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𝛽-lactamines et risque convulsifs

19Guilhaumou et al, Crit Care, 2019



Mécanisme probable de neurotoxicité

• Hyperexcitabilité 
neuronale par :
• Inhibition des 

récepteurs GABA-A, 
réduisant l'inhibition 
neuronale, 

• Agoniste des 
récepteurs NMDA, 
augmentant l'excitation 
neuronale. 

à convulsions ou 
encéphalopathie

20Roger et al, Microorganisms, 2021



Exemple de céfépime

• Cible thérapeutique (résiduelle) : 5-35 mg/L, à l’équilibre
• Neurotoxicité : si résiduelle >35 mg/L

21Chapuis et al, Crit Care, 2010; Lamoth et al, AAC, 2010; Huwyler et al, CMI, 2017



Utilisation des β-lactamines 
en pratique clinique

22



Drusano, Nat Rev Microbiol, 2004
Taccone, Crit Care, 2010
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Le sous-dosage en pratique
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Molécule Dose journalière
DFG > 80mL/min

Ceftazidime 2g/8h

Pip/tazo 4g/6h

Méropénème 1g/8h
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Bonne conduite du traitement
Les 3 piliers

Doses journalières 
revues à la hausse

Optimisation PKPD 
via la perfusion

Connaitre et 
dépister les 

situations à risque 
de sous-dosage



Doses journalières
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Molécule Dosage recommandé
en réanimation

Pipéracilline / Tazobactam 16g par 24h

Ceftazidime 6g par 24h

Céfépime 6g par 24h

Imipénem / Cilastatine 4g par 24h

Méropénème 6g par 24h

Timsit, Intensive Care Med 2019



27

Optimisation des β-lactamines

Fractionner la dose sur 24h
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Temps (h)
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Optimisation des β-lactamines

Lodise, Clin Infect Dis 2007
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Figure 1. Results of the probability of target attainment analysis for
piperacillin-tazobactam therapy. The figure depicts the probability of
achieving free piperacillin concentration in excess of the MIC for 50%
(near-maximal effect) of the dosing interval (50% f T1MIC) for increasing
MIC values for a 30-min infusion of piperacillin-tazobactam 3.375 g ad-
ministered intravenously every 6 h (A) and every 4 h (B) and a 4-h infusion
of piperacillin-tazobactam 3.375 g administered intravenously every 8 h
(C). The x-axis reflects increasing MIC values (in mg/L), and the y-axis
reflects the probability of target attainment.

drug exposure and antimicrobial activity. Tremendous progress
has been made in identifying the pharmacodynamic target
(i.e., the measure of drug exposure) associated with maximal
microbiological effect [16, 17]. For b-lactams, in vitro and an-
imal studies have demonstrated that the best predictor of bac-
terial killing is the time during which the non–protein-bound,
or free drug, concentration exceeds the MIC of the organism
(f T1MIC) [16–21]. Free b-lactam concentrations do not have
to remain above the MIC for the entire dosing interval. Al-
though the precise f T1MIC varies for different drug-bacteria
combinations, near-maximal bactericidal effect is typically ob-
served when the free drug concentration exceeds the MIC for
60%–70%, 50%, and 40% of the dosing interval for the ceph-
alosporins, penicillins, and carbapenems, respectively [16–21].

With advances in computer technology and mathematical
modeling, it is now possible to apply pharmacodynamic prin-
ciples to clinical practice; one frequently used technique is a
Monte Carlo simulation [16, 22–25, 28]. This technique in-
corporates the variability in pharmacokinetic parameters
among patients (between-patient variability) when predicting
antibiotic exposures or drug concentration–time profiles for a
large number of patients. More importantly, Monte Carlo sim-
ulation can be used to determine the probability that an an-
tibiotic dosing regimen achieves the drug exposure target as-
sociated with maximal microbiological effect across the range
of MICs observed in the clinic [16, 22–25].

We used a Monte Carlo simulation to identify an alternative
way of administrating piperacillin-tazobactam therapy to op-
timize the therapeutic outcomes (i.e., survival and duration of
hospitalization) for our patients with P. aeruginosa infection.
At our institution, piperacillin-tazobactam was the most fre-
quently administered b-lactam among hospitalized patients
with serious infections, particularly among those in the inten-
sive care unit with documented or suspected P. aeruginosa in-
fection. Although our hospital antibiogram indicated that the
majority of P. aeruginosa isolates that were recovered in our
institution were susceptible to piperacillin-tazobactam, the re-
sults of an internal Monte Carlo simulation study (figure 1)
demonstrated that the most commonly used piperacillin-ta-
zobactam dosing strategy (a 30-min infusion of 3.375 g intra-
venously every 4 or 6 h) did not provide high probabilities of
target attainment (50% f T1MIC) for the full range of MIC
values deemed to be susceptible by the Clinical Laboratory
Standards Institute [25–28]. The simulation also indicated that
attaining 50% f T1MIC for the piperacillin aspect of the com-
bination (figure 1) was best achieved with a 4-h infusion of
3.375 g of piperacillin-tazobactam administered intravenously
every 8 h as an alternative to standard intermittent-infusion
dosing schemes of 3.375 g administered intravenously for 30
min every 4 or 6 h [26]. Specifically, the Monte Carlo simulation
revealed that the probability of achieving a near bactericidal

effect (50% f T1MIC) was significantly higher for the prolonged
infusion administration at MIC values 11 mg/L (intermittent
dosing every 6 h) and at MIC values 14 mg/L (intermittent
dosing every 4 h) [26].

This mathematical simulation was so compelling that the
novel extended-infusion protocol was quickly adopted into
practice at Albany Medical Center Hospital (Albany, New York)
in February 2002 following approval by the hospital’s Pharmacy
and Therapeutics Committee and Medical Executive Commit-
tee. The new protocol instituted a hospital-wide substitution
program to allow for automatic conversion of written orders
for intermittent infusion of piperacillin-tazobactam to be dosed
as extended infusion of piperacillin-tazobactam. This follow-
up study evaluates the protocol’s clinical outcomes among pa-
tients with P. aeruginosa infection, to determine if extended
infusion of piperacillin-tazobactam delivered results superior
to those associated with traditional intermittent dosing.

METHODS

Study design and population. A retrospective cohort study
was conducted among all patients who received piperacillin-
tazobactam for P. aeruginosa infection between January 2000
and June 2004 at Albany Medical Center Hospital. Prior to
February 2002, all patients received traditional infusions of pi-
peracillin-tazobactam; in February 2002 and after, all patients
(100%) received extended infusions of piperacillin-tazobactam
by automatic conversion. Two study groups were compared:
patients who received a standard infusion of piperacillin-ta-
zobactam (a 30-min infusion of 3.375 g intravenously every 4
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Optimisation des β-lactamines

Rhodes, Clin Infect Dis 2014

⚠ ⚠ Pas de perfusion prolongée/continue sans dose de charge ⚠ ⚠

😍

😱
😬
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Optimisation des β-lactamines

Abdul-Aziz, JAMA 2024



31

Hétérogénéité de l’effet du traitement

Lorente, Clin Ther 2007
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51.4% (18/35) in patients with a SOFA score ≥9; P¼0.004] and
30 day mortality [mortality rates were 18.2% (20/110) in patients
with a SOFA score ,9 versus 54.3% (19/35) in patients with a
SOFA score ≥9; P¼0.001]. In patients with a SOFA score ≥9
(n¼35), those receiving b-lactams via prolonged-infusion dosing
demonstrated significantly higher clinical cure [prolonged infusion
73.3% (11/15) versus IB 35.0% (7/20); P¼0.035] and 30 day
survival rates [prolonged infusion 73.3% (11/15) versus IB
25.0% (5/20); P¼0.025].

Outcome measure predictors
Based on the most parsimonious model, decreasing CLCR values
significantly increased the PTA for all PK/PD targets: 50% fT.MIC,
OR 0.97, 95% CI 0.98–0.99, P¼0.007; 50% fT.4×MIC, OR 0.97,
95% CI 0.98 –0.99, P¼0.014; 100% fT.MIC, OR 0.97, 95% CI
0.98–0.99, P,0.001; and 100% fT.4×MIC, OR 0.97, 95% CI
0.96–0.98, P,0.001. The use of prolonged-infusion dosing, as
opposed to IB dosing, significantly increased the PTA for 100%
fT.MIC (OR 2.78, 95% CI 1.24–6.24, P¼0.013).

The results of all multivariate logistic regression models for
clinical cure and 30 day survival are available in Table 4. Based
on the most parsimonious logistic regression model, SOFA score
(OR 0.89, 95% CI 0.80–0.99, P¼0.029) and concomitant anti-
biotic use (OR 0.31, 95% CI 0.10–0.96, P¼0.043) were identified
as significant factors associated with clinical cure whilst only SOFA
score (OR 0.82, 95% CI 0.73–0.92, P¼0.001) was identified as a
factor associated with 30 day survival.

Discussion
Altered b-lactam PK is widely reported among ICU patients,
potentially leading to suboptimal antibiotic exposures when
‘standard’ b-lactam dosing is applied in the cohort.5,6,29 In this
study, the majority of patients achieved a lower PK/PD target of
50% fT.MIC and the attainment rates were similarly high across
the two administration methods and antibiotics. However, clinical
data from critically ill patients have suggested that such exposure
should be regarded as the minimum, with larger exposures asso-
ciated with improved outcomes.30 – 33 A more prudent target of
100% fT.MIC should be considered and this was not achieved by
one-third of the study patients. Nonetheless, the patients in this
cohort were 3-fold more likely to achieve 100% fT.MIC when
receiving b-lactams via prolonged-infusion dosing (OR 2.78,
95% CI 1.24– 6.24, P¼0.013). Although such an observation
was anticipated, our current work remains unique given that the
data were derived from a broad range of ICU environments across
10 countries and the strength of association was established and
supported by multivariate regression analyses.

As the b-lactams are predominantly cleared by the kidney, ele-
vated renal function as observed in augmented renal clearance
(ARC) may likely lead to suboptimal PK/PD target attainment.34–36

In our cohort, increasing values of the estimated CLCR significantly
reduced the PTA for all PK/PD indices. Moreover, the observed rela-
tionship between CLCR and suboptimal PK/PD exposure was rela-
tively strong in both univariate and multivariate analysis for all
PK/PD indices. The probability of attaining 100% fT.MIC would be
reduced by 3% with every 1 mL/min increase in the estimated
CLCR (OR 0.97, 95% CI 0.98–0.99, P,0.001). The median CLCR of
patients who did not attain 100% fT.MIC was 132 mL/min and
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Figure 3. Clinical cure rate comparison between prolonged-infusion
and IB dosing for patients who received antibiotics for treatment of
infections, stratified according to subgroups. An asterisk indicates a
significant difference between prolonged-infusion and IB dosing
(P,0.05). n, number of patients in the subgroup.
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number of patients in the subgroup.
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Optimisation PD – pour qui ?

Taccone, Intensive Care Med 2016

Infection

Non sévère Sévère

Perfusion 
intermittente

Perfusion 
continue/prolongée

IRA / EER ?

MICs élevées ?

Pneumonie ?
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Situation particulière : patients 
hyperclairants

Bilbao-Meseguer, Clin Pharmacokinet 2018

▷ Définition : Clcreat ≥ 130mL/min

▷ Fréquence : 20-60% des patients critiques
• Trauma crânien => 85%
• HSA => 100%

• Sous-évaluation +++ par méthodes CKD-EPI, MDRD, …
• De -30 à -60 mL/min



Situation particulière : IRA

34

▷ Pas d’adaptaCon de dose dans les 24 premières heures
• Le Vd des paAents est largement altéré
• A la phase précoce, le risque est toujours au sous-dosage ++

▷ AdaptaCon secondaire après 24h
• ⚠ Ne pas oublier, sinon surdosage secondaire assuré
• En cas d’EERc, adaptaAon pour un DFG entre 20 et 50 mL/min
• Impact EER faible en cas de liaison protéique forte



Situation particulière : EERc

35

▷ Variabilité ++ selon les techniques
• Peu de données dans la liWérature
• AdaptaAon pour un DFG entre 20 et 50 mL/min
• Privilégier perfusion conAnue/prolongée

Molécule Effluent < 3L/h Effluent ≥ 3L/h

Piperacilline / Tazobactam 4g toutes les 8h
12g PSE + 4g dose de charge

4g toutes les 8h
12g PSE + 4g dose de charge

Céfépime 1g toutes les 8h
3g PSE + 2g dose de charge

1g toutes les 6h
4g PSE + 2g dose de charge

Méropénème 0.5g toutes les 8h
1,5g PSE + 1g dose de charge

0.5g toutes les 6h
1,5g PSE + 1g dose de charge

Hoff, Ann Pharmacother, 2020
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La contrepartie de fortes posologies
Sutter,

Neurology 2016

Encephalopathy (%)

Se
iz

ur
es

 (%
)

Type 1: days after administration
Delirium or coma, +/- myoclonus/seizures, +/- Psychosis

Type 2: days aDer administraEon
Delirium or coma

Type 3: weeks after administration
Delirium or coma + Cerebellar signs
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La contrepartie de fortes posologies
Fugate,

Crit Care 2013

15% des 
pa<ents!



Utilisation des aminosides 
en pratique clinique
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Définition de la cible Cmax/CMI

39

▷ Objectif pharmacodynamique : Cmax/CMI = 8 – 10

▷ CMI maximale des bactéries ciblées :

www.eucast.org/
clinical_breakpoints

Cible de Cmax en contexte probabiliste
• Amikacine : 64 - 80 mg/l
• Genta/tobra : 32 - 40 mg/l

Entérobactéries Pyo/Acineto

Gentamicine/Tobramycine 2 mg/L 4 mg/L

Amikacine 8 mg/L 8 mg/L



Choix de la dose
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Choix de la dose

41
de Montmollin,
Intensive Care Med 2014 30
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first peak concentrations were not available, leading to the inclu-
sion of 63 patients in the study (Table 1). Types of infection and
pathogens are shown in Table 1. The highest MICs of amikacin
and gentamicin were ≤4 and ≤1 mg/L, respectively.

Efficiency of the first dose
Thirty-seven patients (59%) had a first peak concentration above
the recommended target (Figure 1a and b).

Amikacin therapy (47 patients)
Of the 47 patients who received amikacin, 36 patients (77%) had
a peak concentration .60 mg/L (Figure 1a). The mean first dose
was 29.6+3.3 mg/kg ABW. The mean peak serum concentration
was 75.8+24.5 mg/L, corresponding to a V of 0.43+0.17 L/kg. A
dose ≥30 mg/kg would lead to 90% of the studied population
achieving the targeted peak. The first peak was greater than
10×MIC (4 mg/L) in 15/16 patients with measured MIC. When
this MIC was extrapolated to all patients, 43/47 (91%) first

peaks were .10×MIC. A trough concentration ≥2.5 mg/L was
reported in 23/47 (49%), 12/20 (60%) and 9/15 (60%) patients
on days 2, 3 and 4, respectively, leading to withholding of the sub-
sequent dose. Serum creatinine concentrations remained stable
throughout amikacin therapy. Four patients required RRT, which
was considered to be related to severe sepsis.

Gentamicin therapy (16 patients)
Of the 16 patients who received gentamicin, only one patient (6%)
had a peak concentration .30 mg/L (Figure 1b). The mean first
dose of gentamicin was 7.8+1.3 mg/kg ABW. The mean first
peak serum concentration was 20.4+4.6 mg/L. The calculated
V was 0.39+0.07 L/kg. A dose ≥9 mg/kg would lead to 90% of
the studied population achieving the targeted peak. The first
peak was greater than 10×MIC (1 mg/L) in 5/5 patients with mea-
sured MIC. When this MIC was extrapolated to all patients, all first
peak concentrations were greater than 10×MIC. A trough concen-
tration ≥0.5 mg/L was reported in 9/16 (56%), 6/7 (86%) and 3/6
(50%) patients on days 2, 3 and 4, respectively, leading to

y = 2.4529x + 3.2244
r = 0.33 (0.04–0.56)

P = 0.02
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Figure 1. Observed and target peak serum concentrations of amikacin (a) or gentamicin (b). (a) Amikacin peak concentrations after the first dose with
target concentrations according to EUCAST (60 mg/L) and local extrapolated target peak according to MIC data (40 mg/L). (b) Gentamicin peak
concentrations after the first dose with target concentrations according to EUCAST (30 mg/L) and local extrapolated target peak according to MIC
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continuous line.

Roger et al.

210

 at U
PM

C
 on January 5, 2016

http://jac.oxfordjournals.org/
D

ow
nloaded from

 AMK 30mg/kg ABW
Cmax > 60 mg/L : 77%
Cmax/CMI ≥ 10 : 94%

Poids ajusté ?
ABW = IBW + 0,4*(TBW-IBW)
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▷ L’EER n’influence pas (peu) le Vd des aminosides

▷ Seule la ½ vie d’éliminaCon est modifiée
• Grande variabilité selon techniques/matériels/paramètres d’EER

Techniques d’EER ClAMK ½ vie

HDI 100mL/min -

CVVHF 10-45 mL/min 6-20h

• Pas de modification de posologie initiale
• Espacement des doses
• Surveillance de la Cmin impérative

Sowinski, Clin J Am Soc Nephrol 2008
Taccone, Int J Antimicrob Agents 2011

D’Arcy, BMC Pharmacol Toxicol 2012
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o Dose unique 1-4h avant séance d’HDI
• Réduction intervalle inter-dose

HDI

o EERc à 30mL/kg/h d’effluent
• 25mg/kg/48h
• indicatif, TDM +++

CVVHF
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Quelle cible d’AUC/CMI24h

Mois-Broder, Clin Pharmacokinet 2004

936 Moise-Broder et al.

the potential impact of variations in organism MIC
on the differences in outcome, and thus far there
has not been a link made between clinical and mi-
crobiological outcomes in relationship to vancomy-
cin pharmacokinetic-pharmacodynamic parameters.
Wysocki et al.[28] examined vancomycin AUC24
over intermittent and continuous administration reg-
imens and did not find a relationship when evaluat-
ing mean vancomycin AUC24 values and clinical
cure as an outcome. They did not investigate
AUC24/MIC values, meaning that no adjustment
was made for organisms having different MIC val-
ues. The MIC values in their patients ranged 4-fold
(from 0.5 to 2.0 mg/L), which would produce great-
er AUC24/MIC variability in a setting where blood
concentrations are adjusted to a similar target across
the treated patient population. Given the variance in
AUC24/MIC that would result from a 4-fold range in
MIC values, it is not surprising that reliance on the
pharmacokinetic parameter AUC24 did not correlate

Treatment day
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Fig. 4. Time (days of therapy) to bacterial eradication vs vancomy-
cin AUC24/MIC <400 and AUC24/MIC ≥400 illustrated by a Kaplan-
Meier survival plot of day of therapy vs the percentage of patients
remaining culture-positive on that day. The two AUC24/MIC groups
differed significantly (p = 0.0402). AUC24/MIC = steady-state 24-
hour area under the concentration-time curve divided by the mini-
mum inhibitory concentration.

with outcome, since dosage adjustments to target
serum concentrations should make AUC24 valuespatients with no change or worsening in score from
similar in all patients (successes and failures). Mostbaseline to day 3, 32% experienced a clinical suc-
patients (82.4% of the population), like our own,cess and 68% experienced a clinical failure. For
received many antibacterials in addition to vanco-patients having a 1–3 point decrease in score by day
mycin. In addition, their study population consisted3 of therapy, 59% experienced a clinical success and
of patients with a broader array of methicillin-resis-41% experienced a clinical failure. Having at least a
tant staphylococcal infections (including endocardi-4-point decrease in clinical score by day 3 correlated
tis, pneumonia, meningitis and catheter-related in-with an 83% success rate, with 25 of the 30 patients
fections), with 79.8% (95/119) of patients having S.in this group having a successful clinical outcome.
aureus infections and the remainder with coagulase-We also found a highly significant relationship
negative staphylococcal infections. We analysedbetween the days to substantial decrease in clinical
only patients with S. aureus-associated LRTIs.score and days to bacterial eradication (Rs =

0.570, p < 0.0001; figure 6). The data suggest that Hyatt and colleagues[43] demonstrated that pa-
cultures tend to stay positive approximately 50% tients treated with vancomycin monotherapy for en-
longer than the time for clinical symptoms to im- terococcal infections who achieved AUC24/MIC
prove substantially. Clearly there are unidentified values <125 had a higher probability of failure and
sources of additional variability beyond the two selection of vancomycin-resistant Enterococcus
variables investigated, but there is a clear link be- faecium. This AUC24/MIC value is associated with
tween time to eradication of the pathogen and time E. faecium MICs of ≥4.0 mg/L. Although the
to resolution of infection signs and symptoms. breakpoint of 125 was considered in the current

investigation, only a few patients with a vancomycin
AUC24/MIC value <125 were evaluable. One pa-Discussion
tient was clinically evaluable and three patients were

There are many studies examining the relation- bacteriologically evaluable in the AUC24/MIC
ship between vancomycin dosage and blood con- range of 0–125. Therefore, we did not have suffi-
centration (peak and/or or trough concentra- cient numbers of patients with S. aureus MICs of
tions).[9,44,45,58] However, the studies do not consider ≥4.0 mg/L to determine if another, much lower,

 2004 Adis Data Information BV. All rights reserved. Clin Pharmacokinet 2004; 43 (13)

p=0.04
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Quelle dose pour cet objectif?
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DOSE DE CHARGE DOSE D’ENTRETIEN

tients and is the largest pharmacokinetic study on vancomycin
in this setting. Our results show that a loading dose based on
TBW is mandatory to rapidly achieve therapeutic concentra-
tions and suggest that a minimum loading dose of 35 mg/kg is
necessary to achieve target steady-state concentrations of 20
mg/liter or greater. To maintain this concentration, the dose to
be administered by continuous infusion can be accurately cal-
culated using data from CrCl. A daily dose of at least 35 mg/kg
would be necessary to maintain steady-state drug levels in the
therapeutic range. Such an approach to dosing will increase the
likelihood of achieving vancomycin concentrations associated
with improved antimicrobial activity and, potentially, positive
clinical outcomes (15, 22).

Achieving pharmacokinetic/pharmacodynamic targets is
likely to be very important for optimizing the clinical efficacy of
vancomycin. Consensus supports the view that the pharmaco-
kinetic-pharmacodynamic parameter best correlated with the
efficacy of vancomycin is the AUC0–24-to-MIC (AUC0–24/
MIC) ratio (8, 11, 29). In a retrospective study, Moise-Broder
et al. (22) evaluated the relationship between AUC0–24/MIC
ratio and clinical outcomes in patients with MRSA pneumonia.
The authors found that an AUC0–24/MIC ratio of !350 was
associated with clinical success and suggested an AUC0–24/
MIC ratio of !400 as a target predictive of optimal outcomes.
On the basis of the results of this study and the frequency with
which lung infections occur in critically ill patients, it has been

advocated that achieving this pharmacokinetic-pharmacody-
namic target of AUC0–24/MIC ratio of !400 should optimize
clinical benefit (6). Although AUC0–24 is not routinely moni-
tored in clinical practice, Jeffres et al. (14) have shown that
trough concentrations from intermittent dosing are correlated
with AUC and thus are regarded as an appropriate surrogate
measure for the AUC0–24 and as the most practical method to
monitor vancomycin dosing (26, 28). Some studies have suc-
cessfully described use of a nomogram to guide continuous-
infusion dosing (24).

We have shown that dosing to meet these targets needs to be
individualized according to the patient’s TBW and renal func-
tion. Data supporting the strong relationship between vanco-
mycin volume of distribution and TBW have been described in
various vancomycin pharmacokinetic studies, particularly in
obese patients (1). Data supporting the importance of renal
function on vancomycin clearance are also prominent (25).
Augmented renal clearance is common in hyperdynamic crit-
ically ill patients and may increase the risk for subtherapeutic
vancomycin exposure (27, 31). This population analysis ex-
tends upon these previous data and demonstrates how both
TBW and CrCl explain a significant amount of the pharmaco-
kinetic variability in critically ill patients.

Curiously, we did not observe an effect of the level of sick-
ness severity on volume of distribution, as has previously been
described for aminoglycosides (20). We believe that this may
be due to the dominant contribution of TBW as well as the
inherently larger volume of distribution of vancomycin (0.8 to

FIG. 1. Diagnostic plots for the final population pharmacokinetic covariate model. (Left) Observed concentrations versus the population
predicted concentrations (r2 ! 0.07). (Right) Observed concentrations versus the individual predicted concentrations (r2 ! 0.60). The nonlinear
regression line of fit is shown by the solid black line, and the line of x ! y is the gray dotted line.

FIG. 2. The effect of loading dose on rapid attainment of target
vancomycin concentrations. Different weight-based doses are simu-
lated for a critically ill patient with a creatinine clearance of 100
ml/min/1.73 m2, followed by administration as a 35-mg/kg/day contin-
uous infusion.

FIG. 3. The effect of creatinine clearance on vancomycin concen-
trations administered by continuous infusion (35 mg/kg per day after
35-mg/kg loading dose).
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=> 25-35 mg/kg

1.4 liters/kg [19]) compared with that of aminoglycosides (!0.3
liter/kg [20]).

There are some limitations of our study. First, this modeling
approach utilized sparse samples, such that we were not able to
describe a two-compartment model, which mechanistically
would be more in keeping with the pharmacokinetics of van-
comycin. However, use of the program NONMEM for this
modeling process is widely recognized to be robust for such
analyses and the predictive performance of the model was
deemed sufficient. Second, this was an analysis of retrospective
data, which may have resulted in unforeseen errors in data
collection. We believe that this effect would be very minor
because of the use of continuous infusion of vancomycin and
sampling after a pharmacokinetic steady state had been
reached, in addition to the accuracy of the data collected on
CrCl. Third, the suggested approach to dosing should be used
only in patients who match the demographic and clinical char-
acteristics of the enrolled cohort. Therefore, it cannot be used
for patients requiring different types of renal replacement ther-
apies and should be used with caution in obese patients and
those with low creatinine clearances. Finally, the simulations
suggest more aggressive doses than those that are typically
prescribed, and therefore, any prospective validation study
would need to closely monitor for potential vancomycin toxic-
ities to confirm that these are not increased in frequency by this
approach to dosing.

In conclusion, dose optimization of vancomycin by CI can be
best accomplished using a rational approach that considers
individual patient and disease characteristics. Specifically,
TBW should be considered for initial dosing, as it is an accu-
rate descriptor of volume of distribution of vancomycin. Main-
tenance dosing can then be guided by CrCl. Such an approach
to administration of vancomycin by CI can increase the likeli-
hood of achieving therapeutic concentrations and reduce the
possibility of subtherapeutic drug exposure. Recommended
loading and daily doses would result in insufficient drug con-
centrations during the early phase of sepsis, and higher doses
should be used in this setting. We would advocate that a clin-
ical study be undertaken to validate the findings of these sim-
ulations.
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Continue => 35 mg/kg/24h
Discontinue => 15-20mg/kg/12h
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▷ AUC24h difficile à évaluer
• La concentration résiduelle permet d’avoir une estimation

▷ Intérêt majeur de la perfusion continue

Rybak, Am J Health-Syst Pharm 2009
Ryback, Clin Infect Dis 2020

Si CMI ≤ 1mg/L 
Cmin ≥ 15mg/L
AUC/CMI > 400

Heures

Cplateau

A l’équilibre, Cplateau*24 = AUC24
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▷ La dose de charge garde toute son importance ++
• Peu de modification du Vd lié à l’insuffisance rénale 

• Atteindre les taux thérapeutiques le + vite possible

Roberts, AAC 2011

tients and is the largest pharmacokinetic study on vancomycin
in this setting. Our results show that a loading dose based on
TBW is mandatory to rapidly achieve therapeutic concentra-
tions and suggest that a minimum loading dose of 35 mg/kg is
necessary to achieve target steady-state concentrations of 20
mg/liter or greater. To maintain this concentration, the dose to
be administered by continuous infusion can be accurately cal-
culated using data from CrCl. A daily dose of at least 35 mg/kg
would be necessary to maintain steady-state drug levels in the
therapeutic range. Such an approach to dosing will increase the
likelihood of achieving vancomycin concentrations associated
with improved antimicrobial activity and, potentially, positive
clinical outcomes (15, 22).

Achieving pharmacokinetic/pharmacodynamic targets is
likely to be very important for optimizing the clinical efficacy of
vancomycin. Consensus supports the view that the pharmaco-
kinetic-pharmacodynamic parameter best correlated with the
efficacy of vancomycin is the AUC0–24-to-MIC (AUC0–24/
MIC) ratio (8, 11, 29). In a retrospective study, Moise-Broder
et al. (22) evaluated the relationship between AUC0–24/MIC
ratio and clinical outcomes in patients with MRSA pneumonia.
The authors found that an AUC0–24/MIC ratio of !350 was
associated with clinical success and suggested an AUC0–24/
MIC ratio of !400 as a target predictive of optimal outcomes.
On the basis of the results of this study and the frequency with
which lung infections occur in critically ill patients, it has been

advocated that achieving this pharmacokinetic-pharmacody-
namic target of AUC0–24/MIC ratio of !400 should optimize
clinical benefit (6). Although AUC0–24 is not routinely moni-
tored in clinical practice, Jeffres et al. (14) have shown that
trough concentrations from intermittent dosing are correlated
with AUC and thus are regarded as an appropriate surrogate
measure for the AUC0–24 and as the most practical method to
monitor vancomycin dosing (26, 28). Some studies have suc-
cessfully described use of a nomogram to guide continuous-
infusion dosing (24).

We have shown that dosing to meet these targets needs to be
individualized according to the patient’s TBW and renal func-
tion. Data supporting the strong relationship between vanco-
mycin volume of distribution and TBW have been described in
various vancomycin pharmacokinetic studies, particularly in
obese patients (1). Data supporting the importance of renal
function on vancomycin clearance are also prominent (25).
Augmented renal clearance is common in hyperdynamic crit-
ically ill patients and may increase the risk for subtherapeutic
vancomycin exposure (27, 31). This population analysis ex-
tends upon these previous data and demonstrates how both
TBW and CrCl explain a significant amount of the pharmaco-
kinetic variability in critically ill patients.

Curiously, we did not observe an effect of the level of sick-
ness severity on volume of distribution, as has previously been
described for aminoglycosides (20). We believe that this may
be due to the dominant contribution of TBW as well as the
inherently larger volume of distribution of vancomycin (0.8 to

FIG. 1. Diagnostic plots for the final population pharmacokinetic covariate model. (Left) Observed concentrations versus the population
predicted concentrations (r2 ! 0.07). (Right) Observed concentrations versus the individual predicted concentrations (r2 ! 0.60). The nonlinear
regression line of fit is shown by the solid black line, and the line of x ! y is the gray dotted line.

FIG. 2. The effect of loading dose on rapid attainment of target
vancomycin concentrations. Different weight-based doses are simu-
lated for a critically ill patient with a creatinine clearance of 100
ml/min/1.73 m2, followed by administration as a 35-mg/kg/day contin-
uous infusion.

FIG. 3. The effect of creatinine clearance on vancomycin concen-
trations administered by continuous infusion (35 mg/kg per day after
35-mg/kg loading dose).
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Situation particulière : DFG altéré

▷ Perfusion conCnue à privilégier ++

Roberts, AAC 2011
Cristallini, AAC 2016

VV) or central heparin-coated cannulation (20- to 22-Fr
arterial cannula and 22- 24-Fr venous cannula, Edwards
Lifesciences, Irvine, CA, USA). A centrifugal blood pump
(Revolution blood pump, Sorin, Milan, Italy) was initially
set at a blood flow of 3 to 4 L/minute. The ECMO circuit
was primed with 700 mL of a balanced crystalloid infusion
(Plasmalyte, Baxter Healthcare Corporation, Deerfield,
IL, USA). In patients with peripheral VA implantation,
an anterograde single-lumen 8-Fr catheter (Arrow Inc,
Reading, PA, USA) was placed to prevent limb ischemia.
A heat exchanger (Blanketrol II, Sub-Zero Products
Inc., Cincinnati, OH, USA) was used to maintain body
temperature at 37°C.

Vancomycin treatment and measurements
Vancomycin (Vancocin®; Eli Lilly, Saint-Cloud, France)
was reconstituted according to the manufacturer’s guide-
lines. The drug was given as a 35 mg/kg loading dose
over 4 h followed by a CI dose adapted to CrCl to pro-
vide serum concentrations of 20 to 30 mg/L (considered
appropriate) (Table 1); this drug regimen has been the
standard of care in our institution since 2011 and was
adapted according to a previous publication [18]. Doses
were not changed during the first 24 h of therapy; after-
wards, the daily drug regimen was adapted using a spe-
cific approach, as previously published [16-18]: if the
serum vancomycin concentration was <20 μg/mL (con-
sidered insufficient), an additional dose of 500 to 1,000 mg
was given followed by an increase in the daily dose by 500
to 1,000 mg. If the concentration was >30 μg/mL (consid-
ered excessive), the CI was discontinued for 4 to 8 h and
the daily dose reduced by 500 to 1000 mg per day.
Blood samples (3 mL) for measurement of drug concen-

trations were retrieved at 4 (T1), 12 (T2) and 24 h (T3)
after the start of therapy as part of standard care and were
immediately sent to the central laboratory. The nursing
staff recorded the exact sampling time in the PDMS system.
Serum concentrations of vancomycin were determined by
particle-enhanced turbidimetric inhibition immunoassay
(Dimension® XPand®; Siemens Healthcare Diagnostics,

Newark, DE, USA). The limit of quantification and the
total imprecision of the assay were 0.8 mg/L and <5%,
respectively.

Matched controls
Using an institutional database of all ICU patients with-
out ECMO who received the same vancomycin regimen
(n = 107) during the same period, ICU ECMO patients
were matched (1:1) with non-ECMO ICU patients ac-
cording to four criteria: 1) renal function (either same
CrCl, with a range of eligibility for matching of ±10 mL/
minute, or if on CRRT, the same CRRT intensity, with a
range of eligibility for matching of ±5 mL/kg/minute); 2)
estimated total body weight; 3) SOFA score at the time of
treatment initiation; and 4) age (range of eligibility for
matching of ±5 years). The use of such variables for the
matching process was decided based on the impact of esti-
mated body weight and renal function on drug Vd and
CL, respectively, as well as the importance of the disease
severity, multiple organ dysfunction and age on drug PK
and metabolism [4,5,7].

PK data
The concentration-time data for serum vancomycin con-
centrations were described using non-linear mixed-effects
modeling (NONMEM version 7.2.0, ICON Development
Solutions, Ellicott City, MD, USA) [21]. A Digital Fortran
compiler was used and the runs were executed using
Wings for NONMEM [22]. Data were analyzed using the
first-order conditional estimation method with interaction.
One- and two-compartment linear models were both eval-
uated. Between-subject variability was calculated using an
exponential variability model. Residual unexplained vari-
ability was evaluated as additive, exponential or combined
(additive plus exponential). Visual inspection of diagnostic
scatter plots and the NONMEM objective function value
(OFV) were used to evaluate goodness of fit. Statistical
comparison of nested models was undertaken in the
NONMEM program on the basis of a chi-square (χ2) test
of the difference in OFV. A decrease in the OFV of 3.84
units (P <0.05) was considered statistically significant. We
estimated the area under the concentration-time curve of
the first 24 h (AUC0–24) using the trapezoidal rule.

Bootstrap
A nonparametric bootstrap method (n =1,000) was used
to study the uncertainty of all PK parameter estimates in
the final base model. From the bootstrap empirical poster-
ior distribution, we were able to obtain the 95% confi-
dence interval (2.5 to 97.5% percentile) for the parameters,
as described previously [23].

Table 1 Daily vancomycin doses according to the
creatinine clearance (CrCL)

Daily dose

CrCL, L/minute

>150 45 mg/kg

120 to 150 40 mg/kg

80 to 120 35 mg/kg

50 to 80 25 mg/kg

25 to 50 14 mg/kg

<25 or oliguria 7 mg/kg

Continuous renal replacement therapy 14 mg/kg

Oliguria was defined as urine output ≤0.5 mL/kg/h.

Donadello et al. Critical Care 2014, 18:632 Page 3 of 10
http://ccforum.com/content/18/6/632

centrations within the different uCrCL ranges at T3 shows that the
patients with the highest uCrCL values had a greater proportion of
insufficient drug concentrations than the other patients (Fig. 2)
(P ! 0.02).

The only factors identified as predictors for insufficient serum
concentrations at T3 were lower BMI and higher uCrCL (Table 5).
Excessive drug concentrations at T3 were predicted by higher
BMI, lower uCrCL and higher vancomycin concentrations at T1.
Table 6 shows the sensitivity, specificity, PPV, and NPV of vanco-
mycin concentrations for predicting AUC0 –24/MIC ratios of
!400 for several MICs. For a MIC of 1.0 mg/liter, target serum
vancomycin concentrations of "15 mg/liter at T3 ensured AUC0 –

24/MIC ratios of !400 mg/h/liter in all the patients. However, for
MICs of "1.5 mg/liter, target serum drug concentrations of !25

mg/liter were necessary to ensure that most patients (97%) at-
tained adequate PK targets.

When uCrCL and CG-CrCL values were compared, 47 patients
were classified in group 1, 13 in group 2, and 47 in group 3 (thus,
60/107 patients would not receive the adequate daily dose if the
CG-CrCL was used). There were significant differences in serum
drug concentrations among the three groups, in particular at T2,
when concentrations in group 2 were lower than those in the other
two groups (Fig. 3). Among those patients for whom the CI was
continued after the first day of therapy (n ! 56), 14 (25%) had
insufficient and 12 (21%) had excessive drug concentrations. Af-
ter adjustment of the drug regimen, only 4 (7%) and 6 (11%)
patients had insufficient and excessive drug concentrations on day
2 of therapy, respectively (P, 0.04 versus T3).

DISCUSSION
In this study, we evaluated a new regimen for CI of vancomycin for
critically ill patients during the first 24 h of therapy, which in-

TABLE 2 Characteristics of patients

Characteristica
Value for patientsb

(n ! 107)

Age (yr) 59 (48–71)
No. of men/women 77/30
Body wt (kg) 75 (65–85)
Body mass index (kg/m2) 24 (22–28)

No. (%) with comorbidities
COPD/asthma 19 (18)
Heart disease 24 (22)
Diabetes 23 (21)
Chronic renal disease 31 (29)
Liver cirrhosis 7 (6)
Cancer 17 (16)
Corticosteroids 34 (32)
Other immunosuppressive agents 25 (23)
Organ transplantation 17 (16)

No. (%) with medical admission 69 (64)
APACHE II score on ICU admission 19 (13–25)
SOFA score at the onset of therapy 6 (4–9)
No. (%) with septic shock at the onset of therapy 57 (53)
No. (%) on mechanical ventilation at the onset

of therapy
58 (54)

ICU mortality (no. [%]) 24 (22)
a COPD, chronic obstructive pulmonary disease; APACHE, Acute Physiology and
Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; ICU,
intensive care unit.
b Data are presented as counts (percentages) or medians (25th to 75th percentiles).

TABLE 3 Characteristics of infections

Infectiona No. (%) of patients (n ! 107)

Lung 47 (44)
Abdominal 12 (11)
Urinary 8 (7)
Skin or soft tissue 8 (7)
Catheter related 7 (6)
Neurological 5 (5)

Primary bacteremia 18 (17)
MRSA 10
MRSE 10
Enterococcus faecium 4

a MRSA, methicillin-resistant Staphylococcus aureus; MRSE, methicillin-resistant
Staphylococcus epidermidis.

TABLE 4 Pharmacokinetic and pharmacodynamic characteristics of
therapy

Characteristica Value for patientsb

Vancomycin concn (mg/liter)
At 4 h (T1) 44 (37–49)
At 12 h (T2) 25 (21–32)
At 24 h (T3) 22 (19–28)c

On day 2 26 (22–30)d

AUC0–24 (mg · h/liter) 771 (644–905)
Drug clearance from 0 to 24 h (mg · h/liter) 3.0 (2.1–3.8)
CG-CrCL (ml/min) 94 (56–140)
uCrCl (ml/min) 82 (43–157)
a CG-CrCL, creatinine clearance according to the Cockcroft-Gault formula; uCrCL,
creatinine clearance determined from urinary elimination.
b Data are presented as medians (25th to 75th percentiles). A total of 107 patients were
evaluated except where otherwise indicated.
c A total of 105 patients were evaluated.
d A total of 56 patients were evaluated.

FIG 1 Distribution of vancomycin concentrations at the end of the loading
dose (T1), at 12 h (T2), and at 24 h after the onset of therapy (T3). The shaded
zone indicates target drug concentrations, assessed at T2 and T3.
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cluded a higher than recommended loading dose and a daily dose
adjusted for renal function. We found that only 16% of patients
had insufficient drug concentrations at 12 h, and 28% at 24 h, after
the initiation of treatment. After a dosing regimen adjustment at
24 h, !90% of the patients in this cohort eventually achieved
minimal target serum drug concentrations within 48 h from the
onset of drug infusion. Importantly, one-quarter of the patients
had excessive serum drug concentrations during the first day of
therapy. The major determinants for insufficient serum concen-
trations were increased BMI and augmented renal clearance. We
also showed that a serum drug concentration of at least 15 mg/liter
at 24 h would ensure an adequate AUC0 –24/MIC ratio in all pa-
tients for strains with a MIC of !1.0 mg/liter. However, for infec-
tions due to bacteria with MICs of "1.5 mg/liter, serum drug
concentrations of "25 mg/liter would be necessary to achieve
adequate AUC0 –24/MIC ratios.

For non-ICU patients with severe MRSA infections, standard
regimens of vancomycin (15 mg/kg followed by 30 mg/kg/day)
given by CI achieved target drug concentrations within 36 h from
the initiation of therapy (5). Nevertheless, recent studies have un-
derlined that for critically ill patients, this drug regimen is associ-
ated with a high proportion of individuals with insufficient drug
concentrations, because of significant changes in vancomycin PK
(7, 21). Ocampos-Martinez et al. found that this standard regimen
resulted in vancomycin concentrations of "20 mg/liter in !50%

FIG 2 Distribution of vancomycin concentrations at 24 h after the onset of
therapy (T3), according to different creatinine clearance values measured from
daily urine collection. The shaded zone indicates target drug concentrations.
Chi-square analysis for trend yielded a P value of 0.02. Lowercase letters a, b,
and c above data indicate significant differences. Individual analyses showed
significant differences (P " 0.05) from vancomycin concentrations at a creat-
inine clearance of "25 ml/min (a), 25 to 50 ml/min (b), or 51 to 80 ml/min (c).

TABLE 5 Risk factors for insufficient or excessive serum vancomycin concentrations at 24 h of treatment (T3)

Characteristica

Valueb for patients with
vancomycin concns (mg/liter)
of:

P value ("20 vs !20 mg
of vancomycin/liter)b

Valuec for patients with
vancomycin concns (mg/liter) of:

P value ("30 vs !30 mg
of vancomycin/liter)c"20 (n # 29) !20 (n # 78) "30 (n # 85) !30 (n # 22)

Age 56 (37–68) 59 (49–71) 0.07 59 (47–72) 59 (46–70) 0.67
No. (%) male 23 (79) 54 (69) 0.31 63 (74) 14 (64) 0.35
Wt (kg) 56 (65–75) 59 (65–90) 0.007 75 (65–80) 80 (65–95) 0.12
Body mass index (kg/m2) 24 (22–26) 25 (15–27) 0.01 24 (22–28) 28 (24–30) 0.01

No. (%) with:
Medical admission 20 (69) 49 (63) 0.56 54 (64) 15 (68) 0.69
Corticosteroids 7 (24) 27 (35) 0.31 28 (33) 6 (27) 0.58
Neutropenia 1 (3) 9 (12) 0.23 8 (9) 2 (9) 0.51
Organ transplant 2 (7) 15 (19) 0.17 15 (18) 2 (9) 0.51
Cancer 4 (14) 13 (17) 0.72 13 (15) 4 (18) 0.99
COPD/asthma 5 (17) 14 (18) 0.93 14 (17) 5 (23) 0.68
Diabetes 7 (24) 16 (21) 0.69 18 (21) 5 (23) 0.58
Heart disease 7 (24) 17 (22) 0.79 19 (22) 5 (23) 0.65
CKD 7 (24) 24 (31) 24 (28) 7 (32)
Liver cirrhosis 0 (0) 6 (8) 0.99 5 (6) 2 (9) 0.81

APACHE II on admission 20 (15–23) 19 (13–24) 0.97 20 (14–23) 19 (13–23) 0.66
No. (%) in shock 17 (59) 41 (53) 0.63 46 (54) 12 (55) 0.97
No. (%) on mechanical ventilation 18 (62) 40 (51) 0.32 49 (58) 9 (41) 0.25
SOFA score on day 1 6 (3–9) 7 (4–10) 0.91 7 (4–9) 6 (4–10) 0.86
Daily dose of vancomycin (mg/kg) 36.8 (25–42.6) 28.2 (23.5–35.7) 0.19 33.8 (24.0–38.5) 25.8 (25.0–40.0) 0.98
Vancomycin concn (mg/liter) at T1 39 (33–45) 46 (40–50) 0.12 42 (33–47) 50 (46–59) 0.001
No. (%) with respiratory infection 15 32 0.32 39 (46) 8 (36) 0.86
uCrCL (ml/min) 138 (73–178) 64 (33–138) 0.13 97 (51–162) 52 (23–82) 0.02
a CKD, chronic kidney disease; T1, end of loading dose infusion; uCrCL, creatinine clearance measured on daily urine excretion.
b Obtained by univariate analysis. Multivariate analysis found body mass index (odds ratio [95% confidence interval], 0.87 [0.78 to 0.96]) and uCrCL (1.01 [1.00 to 1.02]) to be
predictive of insufficient drug concentrations.
c Obtained by univariate analysis. Multivariate analysis found body mass index (odds ratio [95% confidence interval], 1.15 [1.02 to 1.29]), the vancomycin concentration at T1
(1.06 [1.01 to 1.10]), and uCrCL (0.98 [0.97 to 0.99]) to be predictive of excessive drug concentrations.
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Surveillance des taux 
plasmatiques

51



Fraction libre des antibiotiques

• Forme ACTIVE = forme LIBRE
• Comparaison directe avec les seuils de 4-8 x CMI
• Risques importants de sous-dosages pour les antibiotiques avec une 

faible liaison aux protéines plasmatiques
• Intérêt si recherche de diffusion dans les compartiments profonds 

(SNC, tissus etc,..)

52



Barrières au STP
• Disponibilité du STP : délai de rendu trop important
• Nécessité d’une interaction proche avec le pharmacologue
• Cibles optimales non consensuelles
• Difficultés pratiques à appliquer une stratégie encore trop théorique
• Cout-efficacité non démontrée pour les β-lactamines (versus 

aminosides, vancomycine)
• Probablement en relation avec le délai de rendu trop long
• Résultats de l’étude DOLPHIN (essai multicentrique randomisé) 

attendus

53Abdulla et al, Ther Drug Monit 2022 ; Telles et al, Ther Drug Monit 2023 ; Abdulla et al, BMC Infect Dis, 2020



Surcoût du STP

54

• Evaluation du surcout lié à l’atteinte de la cible thérapeutique ou 
« Target attainment »

Ewoldt et al, Ther Drug Monit 2022 



Quand et comment faire un « bon » dosage 
pharmacologique des anSbioSques?

• Indispensable de renseigner les horaires de dernières prises et de prélèvement
• Pour la prescription: 

• Ne pas se fier à la seule notion du terme « Résiduelle » dont l’interprétion 
peut fluctuer

• Préciser l’horaire de prélèvement ou le moment
• Efficacité/Toxicité : idéalement résiduelle (dans les 30min qui précédent la 

prochaine administration)
• Si galénique orale écrasée : nécessité d’évaluer la bonne absorption intestinale 
 à cinétique d’absorption
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Intensive Care Med 2022 
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Surveillance des taux plasmatiques?

Mangalore, Clin Infect dis 2022

Pas d’effet sur la mortalité !
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Surveillance des taux plasmatiques?

Al-Shaer, JAC 2020

206 patients de 
réanimation

75% sont dans la 
cible thérapeutique



59

Surveillance des taux plasmatiques?

Pajot, Antibiotics 2022

Et des CMI très loin des concentrations critiques +++

CC : 8 / 16
CC : 4 / 8

CC : 4 / 8

CC : 8 / 8
CC : 4 / 4

CC : EB / Pyo



Que retenir ?

1. A$en'on aux modifica(ons PK propres à la réanima'on 

2. Sous dosages fréquents

3. Op(misa(on de l’an'biothérapie par : 

• Augmenta)on des doses

• Perfusion adaptée aux caractéris)ques pharmacodynamiques

4. TDM : Adapter doses selon concentra'ons mesurées

5. Ne pas hésiter à contacter votre service de Pharmacologie !
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Merci de votre 
attention

61


