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Optimal use of antibiotics ...

• Did we use the antibiotics on a rational fashion ?

• What can we do to curb the emergence of resistance ? 

• Can we reduce the overall costs ?  
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Where should the breakpoint be ?

here ?

Or may be here  !

NO, there ! 
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Where should the breakpoint be ?

piperacillin in the US: 64 µg/ml

azithromycin in France: 0.25 µg/ml
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And there were fierce battles …

From Mouton, 8th ISAP symposium, Nijmegen, 2001
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And everyone in Europe came with 
his/her own (mathematical) recipe…
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As a result As a result ……

cefotaximecefotaxime vs. vs. E.coliE.coli S< / R

BSAC                        United Kingdom 2 / >4
CA-SFM                                   France 4 / >32
CRG                         The Netherlands 4 / >16
DIN                                      Germany 2 / >16
NWGA                                    Norway 1 / >32
SRGA                                     Sweden 0.5 / >2

Yet, breakpoints were used everyday by clinical microbiology 
laboratories to advise clinicians about useful antibiotics 
against the bacteria they are after …
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But some did not bother about recipes…

In the US, the NCCLS made breakpoints
• based on MIC frequency distributions (to distinguish distinct 

populations)
• clinical data were taken into consideration from the 1980's only
• with little attention to the pharmacokinetic profiles in patients …

0.12 0.25 0.5 1 2 84 32160.060.030.015

serum concentration
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So, So, whatwhat waswas THE THE problemproblem ??

• Europe had a number of different breakpoint- 
setting authorities … and, therefore (?), MANY 
different breakpoints … *

• In the U.S.A., the NCCLS defined the 
breakpoints, but those were not (always) rational 
and realistic, and, in any case, were always 
linked to the US situation (posologies, modes of 
administration, type of resistance, etc…)  

*  having no national breakpoint-setting authority to tell them what to do, 
Belgian microbiologists most often used the NCCLS breakpoints …
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WasWas thatthat trulytruly badbad ??

Van Bambeke et al., Clin Microbiol Infect. 2005 Jun;11(6):513
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A short introduction to pharmacology …

• Corpora non agunt nisi fixata … 1

• The law of mass action … 2

• Antibiotics are no exception … 3

1 Ehrlich, P.  Lancet 1913, II, 445-451.
2 Waage, P. & Guldberg, C. M. Forhandlinger: Videnskabs-Selskabet i Christiana 1864, 35.
3 Reggoes et al., Antimicrob Agents Chemother. 2004;48:3670-6. 
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Concentration and time …

Reggoes et al., Antimicrob Agents Chemother. 2004;48:3670-6. 

Time-kill curves of E. coli CAB1 exposed to ciprofloxacin (0 to 2 µg/ml) or to ampicillin (0 to 256 µg/ml)
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Concentration at a given time …

Reggoes et al., Antimicrob Agents Chemother. 2004;48:3670-6. 

Fitting the pharmacodynamic function to the time-kill curves. 

MIC MIC
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Can we reproduce this in Belgium? 

Barcia-Macay et al. Antimicrob. Agents Chemother. 2006; 50(3):841-51 
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Cmin -Cmax

But where is pharmacokinetic ?

Barcia-Macay et al. Antimicrob. Agents Chemother. 2006; 50(3):841-51 
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What PK/PD tells us…. (1/1)

• As predicted by Ehrlich and Waage & Guldberg, all antibiotics are 
concentration-dependent (like all other drugs);

•• butbut is is all about at which serum concentration Emax will be obtained 
and how large it is (compared to untreated controls) ....

– If Emax is small and obtained at a low concentration/MIC ratio 
(relative to Cmax -Cmin in serum), activity will be optimal once you are 
above the MIC …

– all you will be left with is time ... and you get, in vivo, a time- 
dependent antibiotic (viz. β-lactams … )

BEWARE !  If the MIC rises to near the Cmin-Cmax range, time-dependent 
antibiotics may become concentration dependent …
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Cmin -Cmax

Why are β-lactams time-dependent ?
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Barcia-Macay et al. Antimicrob. Agents Chemother. 2006; 50(3):841-51 

BEWARE ! 
If the MIC rises to near the Cmin-Cmax range, time-dependent 
antibiotics may become concentration dependent within the 
clinically achievable Cmin-Cmax because the curve will be shifted 
to the right…
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How long must a β-lactam stay above the MIC ?

40 %
Mild infections

100 %

Severe infections
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time serum concentration (mg/L) for  
(hours) 0.5 g 1 g 2 g

2 25 50 100
4 12.5 25 50
6 6 12 25
8 3 6 12

10 1.5 3 6
12 0.75 1.5 3

* single administration; 2h half-life; Vd = 0.2 l/kg

Typical pharmacokinetics of a model β-lactam IV *

How much do you 
get if given 
every 12h ?
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time serum concentration (mg/L) for  
(hours) 0.5 g 1 g 2 g

2 25 50 100
4 12.5 25 50
6 6 12 25
8 3 6 12

10 1.5 3 6
12 0.75 1.5 3

* single administration; 2h half-life; Vd = 0.2 l/kg

Typical pharmacokinetics of a model β-lactam IV *

How much do you 
get if given 
every 8 h ?
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time serum concentration (mg/L) for  
(hours) 0.5 g 1 g 2 g

2 25 50 100
4 12.5 25 50
6 6 12 25
8 3 6 12

10 1.5 3 6
12 0.75 1.5 3

* single administration; 2h half-life; Vd = 0.2 l/kg

Typical pharmacokinetics of a model β-lactam IV *

How much do you 
get if given 
every 6 h ?
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Pharmacokinetics / Pharmacodynamics in action ...

β- lactams : what can you really 
do ?

I guess 10 µg/ml is the limit if you use it 
optimally (2 to 3 x / day and up to a total 
of 4 to 6 g/day... 

PK / PD breakpoints for β-lactams: 
8  µg/ml
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Setting up a breakpoint for a "Belgian" antibiotic
(temocillin – 4 g /day)

actual data

target attainment rate after Monte-Carlo simulation 

J. Antimicrob. Chemother. 2008 Feb;61(2):382-8
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And what with 
continuous infusion 

…

(4 g/day)

J. Antimicrob. Chemother. 2008 Feb;61(2):382-8

Concentration
at equilibrium (free):

23 ± 2 
(12 - 42)
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A few words about oral amoxicillin and 
S. pneumoniae
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S. pneumoniae : why we may have problems (soon ?) …

amoxicillin
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Epidemiological survey of antibiotic resistance in a Belgian collection of CAP isolates of Streptococcus pneumoniae (SP)
A. Lismond, F. Van Bambeke, S. Carbonnelle, F. Jacobs, M. Struelens, J. Gigi, A. Simon, . Van Laethem, A. Dediste, D. Pierard, A. De Bel, 
& P.M. Tulkens, RICAI, Paris, 2007 / ECCMID, Barcelona, 2008 

EUCAST breakpoint: 0.5/2
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Cmin -Cmax

But all antibiotic are not β-lactams …

Barcia-Macay et al. Antimicrob. Agents Chemother. 2006; 50(3):841-51 
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What PK/PD tells us (2/2) ...

• If Emax is large and obtained at serum concentrations higher than  the 
usual Cmax /MIC ratio, you get in vivo a concentration- and AUC- 
dependent antibiotic (viz. fluoroquinolones...)

BEWARE: the MIC of the offending organism is also critical ...
since the rate of eradication is proportional to the Cmax/MIC ratio 

HINT: if you increase the unit dose (say, give 200 mg instead of 100), 
you increase both the Cmax and the AUC …

if you want to change only the Cmax, you must change the schedule of 
administration (i.e. move from 3 x 1 g to 1 x 3 g)   

BEWARE: low Cmax/MIC and AUC/MIC ratios will lead to failures and 
emergence of resistance ...
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After all, that was all known since 1987 ... 
for the good, old faithful aminoglycosides ...

Clinical response to aminoglycoside therapy: importance of the 
ratio of peak concentration to minimal inhibitory concentration.
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Aminoglycosides : obtain a peak !

1. adequate mode of 
aministration 

i.v. administration

2. calculate the peak you need

minimal peak = MIC /  8

3. calculate the dose you need

peak = dose / Vd

dose = peak x Vd
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Aminoglycosides :

PK / PD in action ... 

limit for limit for 
A, IA, I

increase the unit dose to get the appropriate peak !

MIC = 1 mg/L Cmax = 8 mg/L 3 mg/kg

MIC = 2 mg/L Cmax = 16 mg/L 6 mg/kg limit for limit for 
G, T, NG, T, N

MIC = 4 mg/L Cmax = 32 mg/L 15 mg/kg
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Fluoroquinolones: the real problem !

with a Cmax at 1.5-2.5 
mg/L ?
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Fluoroquinolones: get a peak and an AUC !

Time (h)
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in order to optimize:   AUC24h /MIC 
Cmax /MIC

should be > 125 *

should be > 10 **

Get both a peak and a AUC !!

*   Forrest et al. AAC 1993;37:1073-81
**  Preston et al., JAMA 1998;279:125-9  
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AUC / MIC as the critical parameter for fluoroquinolones

Forrest et al., AAC, 1993

125 was the limit below which clinical 
failure rates became unacceptable 
because of either

• a (too) high MIC
• or a (too) low dosage 

(AUC is proportional to the dosage)

Warning: in this study, they could not really 
dissociate peak and AUC, and they had always low 
peaks, because all treatments were BID or TID 
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You said AUC/MIC >125 for Gram (+) ? 
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You said Cmax /MIC ratio > 10 for Gram (+) ? 

The saga of S. pneumoniae ... 

Pharmacodynamics of levofloxacin: a new 
paradigm for early clinical trials. Preston et al., 
J.A.M.A., 1998 Jan 14;279(2):125-9 

RESULTS (as presented by the authors):

• 134 / 313 had both PK and MIC
• clinical AND bacterial outcomes were 

related to peak/MIC 
(logistic regression; p < 0.001)

• results were favourable 
if peak / MIC > 12.2

Warning: in this study, they could absolutely not dissociate peak and AUC, and they 
had always high peaks, because all treatments were QD ! Peak was chosen as key 
pharmacodynamic parameter arbitarily ! They also had only few true failures…
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But, anyway, let us move on …

If you believe G. Drusano is telling you the truth when he 
says "I am a doctor"... 

peak / MIC > 10

If you believe your patient is not a healthy mouse …and 
can't get a high peak (as was the case in Forrest's 
study)

AUC24h / MIC > 100

If you believe that Drlica is correct in saying that you 
should take care of the 1st mutants 
(I'd also add also efflux and QnR)

get also a peak / MIC > 10 
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Therefore, PK/PD (… Belgian) breakpoints …

Van Bambeke F, Michot JM, Van Eldere J, Tulkens PM.  
Quinolones in 2005: an update. Clin Microbiol Infect. 2005 Apr;11(4):256-80. PMID: 15760423
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So, what did EUCAST do with PK/PD ?

they adopted the true faith ! 
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Here we are …
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4. Pharmacokinetic data are collected and evaluated
Pharmacokinetic data are collected from various sources, particularly 
data from patients. If the data allow it and if necessary, 
population pharmacokinetic models are developed.

These are necessary for PK/PD analyses, including Monte Carlo
simulations

5. Pharmacodynamic data are evaluated

The PK/PD index value of the pertinent PK/PD parameter 
(time above MIC, AUC/MIC, Cmax /MIC…) resulting in optimal outcome is 
determined from:

• in vitro data
• animal studies
• clinical trials 
• The efficacy of the drugs is assessed quantitatively.

Relationships between concentration time profiles and emergence 
of resistance are evaluated
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PK/PD, a brilliant idea …

But do not forget the problems
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You said problems ?

Oh, yes, they are … and many !
But think at the time when we did not even know that correct dosing of an antimicrobial could be 
important ...

and, please, report MICs in difficult cases, not only for your own epidemiology but also for 
treatment readjustment …
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And to conclude…
things may change

Risky situations are not far away

Will PK/PD help ? 

Yes !
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