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Do we have a problem ? 

1. Infections are (most often) treated with an antibiotic  
dosing regimen related to the severity of the disease 
rather than the susceptibility of the micro-organism ...

What is a "severe 
disease" ?

3



19/12/2017 CHU Marie Curie, Lodelinsart 4

Problem ... #2 (of many)

Clinicians tend to ask (and clinical microbiologists to 
provide only) "S – I – R" answers based on accepted 
breakpoints …

But, what is a breakpoint ?

Good
Evil
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In the good old time…  

MIC (mg/L)

1 2 4 8 16 6432 2561280.50.250.125

mean serum 
concentration

Good !!
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No so old but still good time ….

MIC (mg/L)

Good !!

Bad !!

1 2 4 8 16 6432 2561280.50.250.125 1 2 4 8 16 6432 2561280.50.250.125

effective serum 
concentration
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Still good old time ….

MIC (mg/L)

Good !!

Bad !!

1 2 4 8 16 6432 2561280.50.250.125 1 2 4 8 16 6432 2561280.50.250.125

effective serum 
concentration

This is why microbiologists used the 2-fold dilution progression !
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But now, what do you do with this ?

MIC (mg/L) May be? 

effective serum 
concentration ?

1 2 4 8 16 6432 2561280.50.250.125
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But now, what do you do with this ?

MIC (mg/L)

effective serum
concentration ?

1 2 4 8 16 6432 2561280.50.250.125
or here ? 
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But now, what do you do with this ?

MIC (mg/L)

1 2 4 8 16 6432 2561280.50.250.125

This where 
we have 

problem #2

effective serum
concentration ?

or there ? 
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Can breakpoints come to help ?
Here come 
EUCAST *

EUCAST breakpoints are the only legal in Europe and are implemented for most new antibiotics since 2005

http://www.eucast.org
Last accessed: 18 Dec 2017

http://www.eucast.org/
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Can breakpoints come to help ?

aka, an 
MIC !

MIC: Minimal Inhibitory Concentration 
(the lowest antibiotic concentration at which bacteria stop growing in a defined in vitro system)

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/EUCAST_SOPs/EUCAST_definitions_of_clinical_breakpoints_and_ECOFFs.pdf
Last updated: 1 Sep 2015; last accessed: 18 Dec 2017

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/EUCAST_SOPs/EUCAST_definitions_of_clinical_breakpoints_and_ECOFFs.pdf
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But breakpoints must be interpreted…

how can 
we use 
this ?

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
Last updated: 10 Mar 2017; last accessed: 18 Dec 2017

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
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Simple use of breakpoints in the hospital…

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
Last updated: 10 Mar 2017; last accessed: 18 Dec 2017

check your 
epidemiology 
and/or your 

isolate…

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
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Simple use of breakpoints in the hospital…

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
Last updated: 10 Mar 2017; last accessed: 18 Dec 2017

check your 
epidemiology 
and/or your 

isolate…

and see 
where YOU 

are !

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_7.1_Breakpoint_Tables.pdf
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Breakpoints are partly based 
pharmacokinetics …
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Concentration-time profile of a 
beta-lactam in volunteers
Vd = 20 L, ka = 1.2 h-1, ke = 0.3 h-1

Problem #3: variations of PK in individuals...

Unlike the Belgian 400 m 
run team, we are not all 

(almost) equal 
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What is, indeed, a standard patient ?
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Mouton, Int J Antimicrob Agents april 2002
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What is, indeed, a standard patient ?
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But what is the relation between 
pharmacokinetics and efficacy ?

Pharmacokinetics
conc. vs time

C
on

c.

Time0 25
0.0

0.4

PK/PD
effect vs time

Time

E
ffe

ct

0

1

0

Pharmacodynamics
conc. vs effect
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E
ffe
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From pharmacokinetics to pharmacodynamics.
C

on
ce

nt
ra
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n

MIC

Cmax

Cmin

0 6 18 2412



CHU Marie Curie, Lodelinsart 3C-23 19/12/2017

From pharmacokinetics to pharmacodynamics.
C

on
ce

nt
ra

tio
n

MIC

Cmax

Time (h) Cmin

Cmax / MIC

0 6 18 2412

Cmax / CMI
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From pharmacokinetics to pharmacodynamics.

0 6 18 2412
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Cmax / MIC

Cmax / MIC

fT > CMI

Time during which
the free concentration
remains > MIC

Time > MIC

Time (h)



MIC
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0 6 18 2412
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Which pharmacokinetic parameter drives the 
activity of β-lactams ?

AUC / CMI

Time (h)



MIC
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0 6 18 2412
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Which pharmacokinetic parameter drives the 
activity of β-lactams ?

Cmax / MIC

fT > CMI

AUC / CMI

Time > MIC

Cmax / CMI

Time (h)



CHU Marie Curie, Lodelinsart 3C-27 19/12/2017

A few simple rules …

Pharmacological class Parameter Clinical consequence

β-lactams time > MIC • favor frequent 
administration …

• continuous infusion

aminoglycosides
fluoroquinolones

Cmax/MIC

(AUC/MIC)

• favor high peaks
(aminoglycosides)

• favor peak and total 
daily dose 
(fluoroquinolones)

most other antibiotics AUC/MIC • favor total daily dose
• some may be eligible 

for continuous 
infusion

Cmax: maximal serum concentration (typically after intermittent administration – Cmax = dose/volume of distribution

AUC: area under the curve (most often over 24h) – AUC24h = total daily dose/clearance
IV

drugs



Why are β-lactams time-dependent and 
aminoglycosides concentration-dependent ?

• Simple experiments…
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Why are β-lactams time-dependent and 
aminoglycosides concentration-dependent ?

• Simple experiments…
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phamacodynamic model of antibiotic response
24 incubation at fixed concentrations
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Aminoglycosides…
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Craig WA, Ebert SC..  Scand J Infect Dis Suppl 1990; 74:63–70.

In vitro time-kill curves

Time and conc. – dependent killing
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Concentration is important in patients also …

Moore RD, Lietman PS, Smith CR. JID 1987;155:93-99.

Cmax/MIC > 8 !
in a TID treatment
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Vogelman et al. J Infect Dis. 1988 157:287–298

In vitro post-antibiotic effect

delay before regrowth
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Aminoglycosides: get a peak !
1. Appropriate mode of 

administration

IV route

2. Calculation of the necessary 
peak value

minimal peak: =  8 x MIC

3. Calculation of the adequate dosis
peak  = dose / Vd

dose = peak x Vd

dose = MIC x 8 x Vd
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Aminoglycosides: which doses for which MIC ?

peak/MIC  
dose peak (mg/L) for MIC =

(mg/kg) for Vd = 0.25 L/kg 4 2 1     0.5

1 4 1 2 4 8
2 8 2 4 8      16
3 12 3 6 12     24
4 16 4 8      16     32
6                          24 6 12      24    48
8 32 8      16      32    64
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Optimization of aminoglycoside usage:
standard patients (Vd ∼ 0.25 L/kg)

Do not try to treat with aminoglycosides bacteria with MIC

• > 2 µg/ml for molecules with maximal daily doses of 6 mg/kg 
• > 4 µg/ml for molecules with maximal daily doses of 15 mg/kg 

PK / PD breakpoints for AG
• Genta, Netil, Tobra (4 mg):  2 mg / L
• Amika / Isépa (15 mg):        8 mg / L

current EUCAST "S" 
breakpoints

≤ 2 mg/L
≤ 8 mg/L
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Optimization of aminoglycoside usage:
what if the VD is 
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Optimization of aminoglycoside usage:
what if the VD is 
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Optimization of aminoglycoside usage:
what if the VD is 

Vd = dose/peak  0.45 in this population (8/17.5)

it should 
be 32 
mg/L !



Amikacin dosing in ICU: recent data from Leuven
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Amikacin dosing in ICU: recent data from Leuven
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• Recent studies suggest that ICU patients treated with amikacin frequently 
do not attain the PK/PD target, i.e. a peak above minimal inhibitory 
concentration (MIC) ratio of at least 8, when a single dose of 15 mg/kg is 
used. 

• 104 ED patients admitted with severe sepsis or septic shock were included 
and randomly treated with 25 vs. 15 mg/kg.  Amikacin peak concentrations 
were collected. 

• Primary outcome was target attainment defined as peak/MIC ≥ 8, using 
both EUCAST susceptibility breakpoints (8 mg/L) and actually 
documented MIC values as denominator. 

• The EUCAST based target (64 mg/L) was attained in 76% vs. 40% of 
patients assigned to the 25 vs.15 mg/kg dose group (p<0.0001).  

• Target attainment using actual MIC values (median of 2 mg/L, 
documented in 48 isolated gram-negative pathogens; target = 16 mg/L) 
was achieved in 95% vs. 94% of patients in the 25 vs.15 mg/kg group 
(p=0.969).



Amikacin dosing in ICU: recent data from Leuven
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PK/PD target attainment of critically ill ED patients in function of different MIC values 



The vancomycin story: 
discontinuous or continuous infusion ?
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http://bijsluiters.fagg-afmps.be/registrationSearchServlet?key=BE405291&leafletType=rcp
Last accessed: 18 Dec 2017

https://www.ncbi.nlm.nih.gov/pubmed/?term=vancomycin+AND+continuous+infusion
Last accessed: 18 Dec 2017

http://bijsluiters.fagg-afmps.be/registrationSearchServlet?key=BE405291&leafletType=rcp
https://www.ncbi.nlm.nih.gov/pubmed/?term=vancomycin+AND+continuous+infusion


Vancomycin: how to optimize it ? 

Time (h)

AUC24h / MIC = 400

0 6 12
0

10

20

30

40

MIC

19/12/2017 CHU Marie Curie, Lodelinsart 44



Vancomycin TDM at CHU Mont-Godinne at the start of the 
project

co
nc
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Time (h)

peak level: 30-40 mg/L 
2 h after the end of infusion

trough level: 5-10 mg/L
just before the next dose 
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Observational study – results 

*within 30 min. of recommended sample timing: peak 2h after the end of infusion, trough: just before the next dose

40% incorrect 
sample timing



Observational study – results 

*within 30 min. of recommended sample timing: peak 2h after the end of infusion, trough: just before the next dose
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But, how could we improve ?

0 6 18 2412

C
on

ce
nt

ra
tio

n

Time (h)

continuous infusion

“Continuous infusion is 
easier because it allows to 
control the duration of 
administration and  samples 
can be taken  at any time”  
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TDM of vancomycin by continuous infusion

0 6 18 2412

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Time (h)

continuous infusion

0

10

20

30

40

twice daily dosing

AUC24h / MIC is 
independent of the 
mode of administration 
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Vancomycin CI: which serum concentration should we 
target for continuous infusion?

Data from a recent study point at a vancomycin AUC24h/MIC of at least 400 to obtain
optimal clinical outcome in patients with S. aureus lower respiratory tract infections
(Moise-Broder et al., Clin Pharmacokinet. 2004;43(13):925-42)

MIC 
(mg/L)

minimal AUC 
(mg*L-1*h)

target Css 
(mg/L)

1 400 16.6

2 800 33.3

4 1600 66.6

19/12/2017 CHU Marie Curie, Lodelinsart 50



25-30 mg/L

400

Vancomycin CI: Target for efficacy
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Moise-Broder et al. Clin Pharmacokinet. 2004;43:925-42

efficacy
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25-30 mg/L

400

Vancomycin CI: efficacy vs toxicity …
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Moise-Broder et al. Clin Pharmacokinet. 2004;43:925-42

efficacy

Ingram, P. R. et al. J. Antimicrob. Chemother. 2008 Jul;62 (1): 168-71.

toxicity

Css vancomycin > 28 mg/L en 

increased nephrotoxicity risk

[OR 21.236; P = 0.004]
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How to reach the serum target concentration target with CI? 
1. loading dose: the correct scheme *

Ct = Dl / VdTarget serum 
concentration volume of

distribution

loading dose

loading dose (in mg/kg) = Ct (mg/L) x Vd (L/kg) 

* assuming linear pharmacokinetics

loading dose (in mg/kg) = 20 mg/kg = 25 (mg/L) x 0.8 (L/kg) 
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How to reach the serum target concentration target with CI? 
2: infusion * 

Css = Ko / ClTarget serum 
concentration Clearance *

infusion rate

daily dose (in mg) = 24 x VAN clearance (L/h) x Css

* of vancomycin [assuming linear pharmacokinetics] = 0.65 creatinine clearance 

daily dose (in mg) = 24 x 0.65 creatinine clearance (L/h) x Css

typically 2.5 g/day
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How to reach the serum target concentration target with CI? 
2: infusion *

* during the infusion, the necessary dose (in 24h or per min) is only 
dependent upon the drug clearance and NOT of the weight…

once a bath is a the desired level (i.e. after the 
loading dose), maintaining this level does not 
depend upon its volume but of the ratio of tap and 
drain flows ( which musts be equal: in = out…) 

In
=

infusion

Out 
= 

clearance
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7. Total vancomycin serum concentrations
target concentration 
reached at time 0 h



19/12/2017 CHU Marie Curie, Lodelinsart 57

7. Total vancomycin serum concentrations

decline to 20 mg/L within 6h
(initial infusion rate to low)
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7. Total vancomycin serum concentrations

after increasing the rate of infusion (in 57% of patients) 
targeted value reached and maintained from 96h
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7. Total vancomycin serum concentrations

• deviations of >10 mg/L according to the recommended range
•  if increased CCrCl (threshold at >104 mL/min) 
•  if concomitant use of diuretics
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9. AUC24h/MIC predictive of clinical success/failure (n=20)

• Recursive partitioning analysis 

• best AUC/MIC split value separating 
failure from success:

− 667 (total serum concentration)

− 452 (free serum concentration)
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β-lactams: T > MIC …
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Craig WA, Ebert SC..  Scand J Infect Dis Suppl 1990; 74:63–70.

In vitro time-kill curves

Time dependent killing
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β-lactams: T > MIC…

• The same for all beta-lactams ?
(Free fractions of the drug [Fu] ) ?

• The same for all micro-organisms ?
• The same for all infections ?
• Can you apply to all patients ?
• How much / How frequent ?

(Static dose vs maximum effect ?)

You know it is "time above MIC", but… 
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How much time above MIC ?

• cefotaxime

• neutropenic mice

• K. pneumoniae

• pulmonary infection

100 % - Maximal effect ?

40 %
Static dose ? 
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It all depends on your patient !

40 %

Moderately severe infection
in a non-immunosuppressed 
patient

100 % ?

Severe infection
in an 
immunosuppressed
patient
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It all depends on your patient !

40 %

Moderately severe infection
in a non-immunosuppressed 
patient

100 % ?

Severe infection
in an 
immunosuppressed
patient



19/12/2017 CHU Marie Curie, Lodelinsart 67

But back to MIC …!



19/12/2017 CHU Marie Curie, Lodelinsart 68

But back to MIC …!

an ICU 
patient may 
require Cmin
at 4 x MIC !
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And do not forget about changes in MIC 
(low-level resistance) during treatment !

meropenem (n=28)
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Change in MIC of antibiotics used in empiric antipseudomonal therapy (nosocomial pneumonia; intensive care units) 
towards the isolate identified before onset of therapy (D0) vs. the last isolate (DL) collected from the same patient and 
with clonal similarity with the first isolate. Differences were analyzed using both raw and log2 transformed data and 
found significant by both non-parametric (Wilcoxon matched pair test) and parametric (two-tailed paired t-test) 
analysis. 

Riou et al. Int J Antimicrob Agents. 2010 Dec;36(6):513-22.
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found significant by both non-parametric (Wilcoxon matched pair test) and parametric (two-tailed paired t-test) 
analysis. 

Riou et al. Int J Antimicrob Agents. 2010 Dec;36(6):513-22.



But how to prevent the emergence of resistance ?
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Tam et al. J Antimicrob Chemother 2017;72:1421-1428 - PMID: 28158470

Simulation of doses and 
drug exposure in an in 
vitro dynamic model of 
infection (hollow fiber)

https://www.ncbi.nlm.nih.gov/pubmed/?term=28158470
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Tam et al. J Antimicrob Chemother 2017;72:1421-1428 - PMID: 28158470

Prevention of resistance…

placebo

ceftazidime
0.5 g every 8 h

ceftazidime
3 g g every 8 h

To prevent the emergence of 
resistance in a closed system, the Cmin
of β-lactams should be ≥ 3.8 x MIC…

4 x MIC

https://www.ncbi.nlm.nih.gov/pubmed/?term=28158470
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Continuous Infusion of Ceftazidime (4 g/day) vs Conventional Schedule and Dosis 
(3 X 2 g/day) for Treatment of Ventilator-associated  Pneumonia in Intensive Care 

Units.
P.F. Laterre, N. Baririan, H. Spapen, T. Dugernier, M. Simon, D. Pierard, H. Servais, C. Seral and P.M. Tulkens

Cliniques universitaires St-Luc & Université catholique de Louvain, Brussels; Akademische Ziekenhuis, Vrije Universiteit Brussel, Brussels; Clinique St-Pierre, Ottignies; Clinique St Joseph, Arlon; 
Belgium.

• ICAAC 2002 Poster no. A1 1402

• target level: 24 mg/L 
(max. MIC: 6 mg/L [EUCAST bkpt = 8 mg/L])  

• loading dose: 10.8 mg/kg 
(assumed Vd: 0.4 L/kg)

• infusion: 4 g/day 
• assumed clearance: 102 ml/min (6.12 L/h)
• drug diluted in 48 ml of water
• infusion through motor-operated syringe at a 

rate of 2 ml/h; 
• temperature 25°C or lower 

target

observed
(mean)

patients with continous administration of ceftazidime

But serum levels of β-lactams remain 
difficult to predict with accuracy…
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As a result, monitoring the serum levels of 
β-lactams has been proposed … 



And monitoring β-lactams in ICU may be 
rewarding…
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And monitoring may be rewarding…
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Highlights

• In patients with augmented creatinine clearance (CrCL), 
desirable PK/PD targets may not be achieved by the use of high 
doses of β-lactam administered by continuous infusion.

• Mean values ≥ 170/min remain associated with higher rates of 
sub-exposure for β-lactams defined by at least one sample 
under 4 times the MIC of the known pathogen.

• Sub-exposure< 4 x MIC is associated with higher rates of 
therapeutic failure in critically ill patients treated for a first 
microbiologically documented infection
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Methods are being developed but are slow and complex,
and do not measure the free concentration ...



But what do we need ?

• a fast and reliable assay of the serum free fraction… 
 results available within the period of the medical shift !

• a clear definition of the desired target for efficacy … and prevention of 
emergence of resistance…
 Cmin (or Css) at 4 x the MIC ?

• a clear definition of the maximal doses without unacceptable toxicity 
(convulsions…) …
 Cmax not exceed the value of an approved mode of administration ?

• an algorithm that calculates the next dose based on population PK but also on 
real data from the previous administration…
 adaptive PK/PD modeling
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Adjust the dosage on a full 
PK/PD basis and continue 

monitoring free blood levels

A clinical algorithm for β-lactams and a path to success...

in ICU, the patient's 
situation changes rapidly !

see discussion in  Delattre et al. Expert Rev Anti Infect Ther. 
2017;15:677-688 - PMID: 28571493
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A clinical algorithm  or a path to success...

Knowledge or  ou 
“educated” suspicion 
of the causative agent

Pathology and
epidemiology Local MIC data

Obtain an MIC
and serum 

levels

no

Use common dosage but 
with attention to PK/PD

yes

Adjust the dosage on a full 
PK/PD basis and continue 

monitoring free blood levels

S / I / R
is 

insufficient !!

Is the organism 
probably highly 

susceptible ?



The future: which other anti-infectives * ?
• oxazolidinones (linezolid, tedizolid, …)
 Cmin for prevention of toxicity

• fluoroquinolones (ciprofloxacin, levofloxacin, …)
 Cmax for prevention of resistance
 AUC24h for global antibacterial effect

• azole antifungals (fluconazole, voriconazole, …)
 control of drug-drug interactions and inhibition of metabolism
 AUC24h for efficacy

• anti-HIV drugs (many …)
 correction/prevention of HIGH variability in blood levels
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* many references… See, e.g.:
• Cattaneo et al. Drug monitoring and individual dose optimization of antimicrobial drugs: oxazolidinones. Expert Opin Drug Metab Toxicol. 2016;12:533-44 - PMID: 

26982718. 
• Nosseir et al. Therapeutic Drug Monitoring of antiinfectives in intensive care medicine. Dtsch Med Wochenschr. 2014;139:1889-94 - PMID: 25203549
• Stott & Hope. Therapeutic drug monitoring for invasive mould infections and disease: pharmacokinetic and pharmacodynamic considerations. J Antimicrob Chemother. 

2017;72(suppl_1):i12-i18 - PMID: 28355463. 
• Punyawudho et al. Therapeutic drug monitoring of antiretroviral drugs in HIV-infected patients. Expert Review of Clinical Pharmacology 2016;9:1583–1595 - PMID: 

27626677
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We can always dream …

difficult machinery

acrobatic algorithms

dead ends…
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But at the end  …

towards successes !
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Back-up
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But even then, serum levels remain are difficult to 
predict with accuracy… 

Mouton, unpublished
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patients with continous administration of ceftazidime
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