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Les grandes notions abordées

✘ Particularités pharmacologiques du patient septique

✘ Caractéristiques pharmacologiques des grandes 
classes d’antibiotiques

✘ Optimisation et surveillance 
✘ Beta-lactamines

✘ Aminosides

✘ Glycopeptides



Rappels de pharmacologie générale

Patient de soins critiques

Augmentation du Volume de distribution
Variabilité inter et intra-individuelle Germes de sensibilité diminuée

Dose Effet

Pharmacocinétique Pharmacodynamique

Conc.
tissus

Conc.
Plasma

Elimination



Pharmacologie des grandes classes 
d’antibiotiques

Pharmacocinétique
• Hydrophilie/lipophilie
• Volume de distribution
• Elimination 

urinaire/hépatique

Pharmacodynamique
• Temps dépendance
• Concentration dépendance
• Profil mixte (AUC/CMI)



Faible volume de distribution
Clairance rénale prédominante

Pénétration intracellulaire faible

Antibiotiques hydrophiles Antibiotiques lipophiles

Volume de distribution élevé
Clairance hépatique prédominante
Bonne pénétration intracellulaire

β-lactamines
Aminosides

Glycopeptides
Linézolide
Colistine

Fluoroquinolones
Macrolides
Tigécycline

PK générale

Exemples

Roberts, Crit Care Med 2009

Pharmacologie des grandes classes 
d’antibiotiques



Efficacité temps-dépendante 
Les beta-lactamines

Temps (h)

CMI

Cmax

Indice pharmacodynamique
%Temps > CMI 

Objectifs
• 4-6 x CMI
• 100% du temps

Vogelman, J Pediatr 1986



Efficacité concentration-dépendante
Aminosides, daptomycine

Temps (h)

CMI

Cmax

Indice pharmacodynamique
Cmax > CMI 

Moore, J Infect Dis 1987

Objectif
Cmax/CMI = 8-10



Profils mixtes
Glycopeptides, fluoroquinolones

Mois-Broder, Clin Pharmacokinet 2004

Temps (h)

CMI

Cmax

Indice pharmacodynamique
AUC > CMI 

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
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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

Objectif
AUC24h/CMI : 400-600



Pratique clinique : 
Les objectifs pharmacodynamiques sont-ils atteints?

Taccone, Crit Care 2010
Drusano, Nat Rev Microbiol 2004
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Pratique clinique : 
Les objectifs pharmacodynamiques sont-ils atteints?

de Montmollin, Intensive Care Med 2014
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Comment optimiser une antibiothérapie en 
réanimation?

✘ Adapter l’administration à l’indice pharmacodynamique
✘ Administrer les bonnes doses

• Dose de charge si perfusion prolongée ou continue
• Pas d’adaptation au DFG dans les 12-24 premières heures

✘ Connaître les patients à risque de sous dosage
• Augmentation du volume de distribution
• Patients hyperclairants (DFG > 130 mL/min)

✘ Surveillance des taux plasmatiques
• En routine pour beta-lactamines, glycopeptides et aminosides



Antibio-optimisation
Beta-lactamines



Optimisation des beta-lactamines
Utilisation de la pharmacodynamie en pratique

Fractionner la dose sur 24h

C C

Temps (h)

Cible

Perfusion prolongée

Temps (h)

Perfusion continue

Temps (h)

Toxicité

C

Cible



Optimisation des beta-lactamines
Un bon dosage pour anticiper l’augmentation du Vd

Timsit, Intensive Care Med 2019

Molécule Dosage recommandé
en réanimation

Mode d’administration
recommandé

Piperacilline / Tazobactam 4g toutes les 6h
16g par 24h

Dose de charge + perfusion prolongée
Dose de charge  4g + perfusion continue

Ceftazidime 6g par 24h Dose de charge 2g + perfusion continue

Céfépime 6g par 24h Dose de charge 2g + perfusion continue

Imipénem / Cilastatine 1g toutes les 6h Perfusion intermittente

Méropenem 2g toutes les 8h
6g par 24h

Perfusion intermittente
Dose de charge 2g + perfusion continue

Aztréonam 1 à 2g toutes les 6h Perfusion intermittente



Optimisation des beta-lactamines

In vitro In vivo

358 • CID 2007:44 (1 February) • Lodise et al.

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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Lodise, Clin Infect Dis 2007
Several RCTs comparing continuous

infusion and intermittent dosing of
b-lactam antibiotics have been conducted
in critically ill patients, although none have
had adequate statistical power to detect a
difference in mortality (20, 24, 25, 30–35).
In contrast to the present study, authors
of previous aggregated data metaanalyses
of this question found no signi!cant
difference in mortality between the
continuous and intermittent dosing groups
(16, 36–40). These metaanalyses were less
selective than the present analysis in their
inclusion criteria, included data from both
critically ill and non–critically ill patients,
and allowed differing antibiotic doses in the
two treatment groups, all of which may
have diluted any advantage of continuous
infusion.

Implications of Study Findings
The results of our meta-analysis imply that
administration of b-lactam antibiotics by
continuous infusion compared with
intermittent infusion in critically ill patients
with severe sepsis may decrease hospital
mortality, although the relationship with
clinical cure was more complex and may
have been in"uenced by the subjective

limitations of this endpoint. Moreover, our
!ndings imply that patients receiving renal
replacement therapy may not derive a
signi!cant bene!t from continuous
infusion. In addition, they imply that
the bene!cial impact of continuous
infusion is likely greatest in infections
with nonfermenting gram-negative
bacilli (e.g., A. baumannii and
P. aeruginosa).

These implications are biologically
plausible because patients receiving renal
replacement therapy are likely to have
reduced drug clearance and hence higher
serum antibiotic concentrations, regardless
of which antibiotic administration method
is used (41). Similarly, nonfermenting
gram-negative bacilli tend to have higher
MICs than b-lactam antibiotics (42),
supporting data from pharmacokinetic and
dosing simulation studies indicating that
continuous infusion of b-lactam antibiotics
is more likely than intermittent dosing
to achieve therapeutic targets for less-
susceptible pathogens (14, 15).

Strengths and Limitations
Owing to the stringency of our inclusion
criteria, only three studies were included in

this analysis. However, these inclusion
criteria were all selected a priori, had
mechanistic precedents, and were applied
equally to all studies identi!ed in our
systematic literature search. The fact that
the included patients were enrolled across
only four countries means that the results
may not be generalizable to all treatment
settings. We did observe that study was
independently associated with mortality
and clinical cure, suggesting some degree of
between-study heterogeneity. This was
particularly true for one study (24) when
compared with the other two (20, 25),
highlighting potential differences in
baseline factors by geographical region.
However, despite this, a statistically
signi!cant interaction effect between study
and treatment was observed only for
clinical cure and not for mortality. This
leads us to conclude that the treatment
effect observed was consistent across
studies for mortality, while study variability
in a (nonsigni!cant) treatment effect on
clinical cure may have been in"uenced by
subjective differences between studies in
how this endpoint was assessed. The
relatively low proportion of patients with
identi!ed pathogens and the lack of
MIC data across each of the studies
prevented us from testing the importance
of pathogen MIC on patient outcomes.
Although such an analysis would provide
useful mechanistic data, it would be
of secondary importance to the patient-
centered outcomes reported in the present
study.

Conclusions
In this individual patient data meta-analysis
of a large critical care patient population
with severe sepsis, we found that
administration of b-lactam antibiotics by
continuous infusion is associated with
decreased hospital mortality and a higher
rate of clinical cure compared with
intermittent dosing. Given these !ndings,
we recommend that a de!nitive RCT be
conducted in patients with a higher level of
sickness severity who are not receiving
renal replacement therapy and are at risk
of infection by less-susceptible pathogens
such as nonfermenting gram-negative
bacilli. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

1.0 HR, 0.70 (95% CI 0.50–0.98), P = 0.03 Treatment

Intermittent

Continuous

0.8

0.6

0.4

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l

0.2

0.0

0 5 10 15 20
Days post-randomization

Covariates included: age, APACHE II score,
cardiovascular dysfunction at randomization, NFGNB
infection, respiratory dysfunction at randomization, RRT,
study

25 30

Figure 4. Cox regression 30-day survival curves for combined study population. APACHE= Acute
Physiology and Chronic Health Evaluation; CI = confidence interval; HR = hazard ratio; NFGNB=
nonfermenting gram-negative bacilli (Acinetobacter baumannii, Bulkholderia cepacia, Bulkholderia
pseudomallei, Pseudomonas aeruginosa, and Stenotrophomonas maltophilia); RRT = renal
replacement therapy.
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Roberts, Abdul-Aziz, Davis, et al.: Continuous versus Intermittent b-Lactam Infusion 689
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Optimisation des beta-lactamines
Does one size fit all?

Selon site d’infection

Lorente, Clin Ther 2007
Abdul-Aziz, ICM 2016

51.4% (18/35) in patients with a SOFA score !9; P!0.004] 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; P!0.001]. In patients with a SOFA score !9
(n!35), 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); P!0.035] and 30 day
survival rates [prolonged infusion 73.3% (11/15) versus IB
25.0% (5/20); P!0.025].

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, P!0.007; 50% fT.4"MIC, OR 0.97,
95% CI 0.98 –0.99, P!0.014; 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, P!0.013).

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, P!0.029) and concomitant anti-
biotic use (OR 0.31, 95% CI 0.10–0.96, P!0.043) were identified
as significant factors associated with clinical cure whilst only SOFA
score (OR 0.82, 95% CI 0.73–0.92, P!0.001) 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, P!0.013). 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.

0

Patient subgroups

All p
atie

nts

Pip
eracill

in only

Meropenem only

Cultu
re posit

ive

Resp
ira

tory 
infecti

on

Abdominal in
fecti

on

SO
FA

 !9

b-La
cta

m m
onotherapy

20

40

60

Su
rv

iv
al

 ra
te

s 
(%

) 80

100

n =
 14

5

n =
 86 n =

 59 n =
 55

n =
 11

4

n =
 59

 *

n =
 42

n =
 35

 *

Prolonged-infusion dosing
IB dosing

Figure 4. Comparison of 30 day survival 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.

Prolonged-infusion versus intermittent-bolus dosing of b-lactams

201

JAC
D

ow
nloaded from

 https://academ
ic.oup.com

/jac/article-abstract/71/1/196/2363724 by IN
S

E
R

M
 user on 27 N

ovem
ber 2018

Selon la CMI

P. prolongée P. intermittente
0

20

40

60

80

100

CMI ≤ 2

CMI = 4

CMI  = 8

%
 gu

ér
iso

n 
cli

ni
qu

e 



Optimisation des beta-lactamines
Attention aux patients hyperfiltrant !

Georges, Br J Clin Pharmacol 2011

polytrauma patients (P0) with a MDRD lower than
60 ml min-1 required 72 h to be at steady-state and other
polytrauma patients had a 48 h delay. To take this point
into account, all the following conclusions have been
based on 72 h simulations.

When comparing the graphs in Figure 1C and D, the
simulations generated higher percentiles after continuous
administration than discontinuous injections for all sub-
populations with MDRD higher than 60 ml min-1. On the
contrary, for patients with a MDRD lower than 60 ml min-1,
the percentage of patients in the target interval was lower
due to higher concentrations.

At steady-state, after continuous administration
(Figure 1D) all the subpopulations with a MDRD higher
than 60 ml min-1 presented exactly the same results due
to the exclusive dependency of the steady-state concen-
trations on ceftazidime clearance and therefore to the
MDRD. For patients with renal insufficiency, the percent-
age of patients in the target interval was higher for poly-
trauma patients since the simulated concentrations were
lower. This is the consequence of the larger impact of the
greater volume of distribution on ceftazidime disposition.
No influence of the mechanical ventilation status was
observed.

On another hand, the trough concentrations at steady-
state observed after discontinuous administrations
(Figure 1C) vary between subgroups due to their partial
dependency to the volume of distribution including
admitting diagnosis and mechanical ventilation as
covariates.

Simulations were performed with 2 g and 3 g loading
doses followed by a 6 g day-1 continuous infusion. After

24 h for patients with a MDRD higher than 60 ml min-1, the
loading dose had no influence on the percentile of
patients’ concentrations in the target interval. For patients
with MDRD lower than 60 ml min-1, the percentage of
patients with C24 included in the 40–100 mg l-1 interval was
lower with a 3 g loading dose than with 2 g dose due to a
greater number of patients with concentrations higher
than 100 mg ml-1. Therefore, the 2 g loading dose was
chosen.

Figure 2 presents the percentile of simulated concen-
trations included in the 40–100 mg l-1 goal after a 2 g
loading dose followed by various increasing continuous
doses in polytrauma patients. The coloured arrows show
the dosage regimen recommendations as a function of
MDRD.

As previously demonstrated, the results of the different
subgroups stratified by admitting diagnosis, with or
without mechanical ventilation, are totally superimpos-
able for the same dosage regimen given as a continuous
infusion in patients with a MDRD higher than 60 ml min-1.

As the maximal percentile target has been chosen to
determine the recommended dosage regimen, this figure
could help everyone to define it. For example, a patient
with a MDRD of 90 ml min-1 roughly requires a 8 g continu-
ous dose after the usual 2 g loading dose; another patient
with a MDRD at 120 ml min-1 would be also treated by a 8 g
dosage and for a patient with a MDRD at 140 ml min-1 a
10 g day-1 dose would be recommended. Figure 2 leads to
the dosage regimen recommendations presented in
Table 3.Even if the polytrauma patients with a MDRD lower
than 60 ml min-1 presented a small difference (less than
5%) in the maximal percentage of patients reaching the

0
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

30 60 90 120 150 180 210

%
 o

f  
co

nc
en

tr
at

io
ns

 in
 t

he
 

40
–1

00
 m

g 
l–1

 in
te

rv
al

MDRD (ml min–1)

Ceftazidime: 2 g loading dose + continuous infusion at 72 h

4g 6g 8g 10g 12g

Figure 2
Percentage of simulated patients with 72 h ceftazidime concentrations included in the 40–100 mg l-1 target interval after a 2 g loading dose + different
continuous infusion doses as a function of glomerular filtration rate estimated by MDRD in ml min-1 whatever the admitting diagnosis and the mechanical
ventilation status.The coloured arrows present the recommended dosage as a function of MDRD.4 g ( ); 6 g ( ); 8 g ( ); 10 g ( ); 12 g ( )

B. Georges et al.

592 / 73:4 / Br J Clin Pharmacol



Optimisation des beta-lactamines
Does one size fit all?

Taccone, Intensive Care Med 2016

Infection

Not severe Severe

Intermittent
infusion

Continuous
infusion

AKI / RRT

High MICs

Lung infection

NO

YES

YES

YES

NO

NO



Optimisation des beta-lactamines
Surveillance des taux plasmatiques

✘ Recommandé chez tout patient critique devant :
• Grande variabilité inter- et intra-individuelle du Vd
• Clairance rénale prédominante
• Surdosages de + en + fréquents et neurotoxicité

✘ Objectif de Cmin ou Cplateau > 4*CMI

✘ A obtenir dans les 24-48h de l’initiation du traitement

Abdul-Aziz, Intensive Care Med 2020



Antibio-optimisation
Glycopeptides



Optimisation des glycopeptides
Perfusion intermittente ou continue?

Hanrahan, Crit Care Med 2014
Cataldo, J Antimicrob Chemother 2012

0.1 1 10

Nephrotoxicité

Mortalité

[0.43 - 0.94]

[0.68 - 1.57]

RR [95% CI]

0.63

1.03

Favors CoI Favors InI

✘ Nephrotoxicité majorée par
• Co-néphrotoxiques
• Choc septique
• Hautes doses
• Traitement prolongé

=> Patient de réanimation  
très haut risque



DOSE D’ENTRETIEN

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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=> 35 mg/kg/24h

DOSE DE CHARGE

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

Optimisation des glycopeptides
Adaptation des doses au patient de réanimation

IDSA Guidelines, Clin Infect Dis 2011
Roberts, Antimicrob Agents Chemother 2011



Optimisation des glycopeptides
Surveillance des taux plasmatiques

Ryback, Clin Infect Dis 2020

✘ Indispensable, vu l’index thérapeutique étroit

✘ Mesure de la concentration résiduelle ne suffit plus
• Mesure de l’AUC24h/CMI => cible 400-600
• Intérêt majeur de la perfusion continue

Heures

Cplateau • A l’équilibre, l’AUC est un rectangle

• Donc  =>  AUC24h = Cplateau* 24



Optimisation des glycopeptides
Adaptation à la fonction rénale

Beumier, J Antimicrob Chemother 2013
Cristallini, Antimicrob Agents Chemother 2016

DFG (mL/min) Dose journalière (mg/kg)

> 150 45

120 - 150 40

80 - 119 30

50 - 79 25

25 - 49 14

< 25 7

35 mg/kg sur 4 heures

DOSE DE CHARGE

14 mg/kg/24h

DOSE D’ENTRETIEN

EER continue

+



Antibio-optimisation
Aminosides



Optimisation des aminosides
Choix du poids pour le calcul de dose

de Montmollin, Intensive Care Med 2014

Poids total (TBW)
• 30 % de sous-dosages en 25 mg/kg
• FDR : bilan entrée/sorties positif

Poids ajusté (ABW)
• ABW = IBW + 0.4*(TBW-IBW)
• 20% de sous-dosages

Roger, J Antimicrob Chemother 2016

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
data (10 mg/L). Peak concentrations, filled circles; EUCAST target, upper broken line; local extrapolated target, lower broken line; correlation line,
continuous line.
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Optimisation des aminosides
Choix de la dose

Amikacine

Poids total

Bilan E/S positif
ou

BMI < 25
30 mg/kg

Autres situations 25 mg/kg

Poids ajusté 30 mg/kg

de Montmollin, Intensive Care Med 2014
Roger, J Antimicrob Chemother 2016



✘ Dose unique journalière
✗ Seul moyen d’obtenir les objectifs de Cmax
✗ Majoration de l’effet post antibiotique
✗ Réduction de la néphrotoxicité potentielle

✘ Surveillance des taux thérapeutiques indispensables

Optimisation des aminosides
Modalités d’administration et de surveillance

Dosage Délai Objectifs Notes

Efficacité Pic H1 Amk : 64-80mg/L
Genta : 32-40 mg/L -

Tolérance Résiduel H24 Amk : < 2.5mg/L
Genta : < 0.5 mg/L

Uniquement en cas de 
DFG altéré



✘ La baisse du DFG n’influence pas le Vd des aminosides
✗ Seule la demi-vie d’élimination est allongée

✘ La dose initiale ne doit PAS être diminuée ++
✗ Seul l’intervalle interdoses sera allongé
✗ Surveillance des concentrations residuelles impératives

Optimisation des aminosides
Altération du DFG

Taccone, Int J Antimicrob Agents 2011
D’Arcy, BMC Pharmacol Toxicol 2012



Conclusion

de Montmollin, Semin Respir Crit Care Med 2021

Beta-lactams Aminoglycoside Glycopeptide Fluoroquinolones

% time > MIC Cmax > MIC AUC24 > MIC

Linezolid Colistin

PD
indices

First
doses

TDM

Increased
(up to double dose)

Infusion
regimen

Weight based
(Double dose)

Unchanged UnchangedWeight based
(up to double dose)

Increased
(up to 9 MU)

Routine use

Prolonged 
infusion Once daily Continuous 

infusion
Intermittent infusion

Hydrophilic Lipophilic

class

PK
indices
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Des questions?
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