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Abstract

Clinical breakpoints are used in clinical microbiology laboratories to categorize microorganisms as clinically susceptible (S), intermediate

(I) or resistant (R) dependent on the quantitative antimicrobial susceptibility as indicated by the MIC value determined in a well-defined

standard test system. The laboratory report, with the designations of S, I or R for each antimicrobial agent, provides guidance to clini-

cians with respect to the potential use of agents in the treatment of patients, and clinical breakpoints should therefore distinguish

between patients that are likely or unlikely to respond to antimicrobial treatment. In Europe, clinical breakpoints are set by the Euro-

pean Committee on Antimicrobial Susceptibility Testing (EUCAST), following a defined procedure. This includes evaluation of efficacy in

experimental settings and clinical studies to derive pharmacodynamic targets such as the fAUC/MIC ratio or %fT > MIC required for

efficacy, the pharmacokinetic properties of the agent, Monte Carlo simulations to estimate exposures of the antimicrobial agent in the

target patient population and commonly used dosing regimens. The probability of target attainment is subsequently determined for a

range of pharmacodynamic targets and the results from the Monte Carlo simulations. The breakpoints derived are subsequently evalu-

ated with respect to the wild-type population of the target microorganisms, specific resistance mechanisms and other relevant data. In

this paper, we provide an overview of the EUCAST process and considerations for setting pharmacokinetic/pharmacodynamic break-

points. These are the breakpoints that in the EUCAST breakpoint tables are referred to as ‘non-species-related breakpoints’.

Keywords: Breakpoints, eucast, pharmacodynamics, pharmacokinetics, susceptible

Original Submission: 18 October 2011; Revised Submission: 26 November 2011; Accepted: 5 December 2011

Editor: D. Raoult

Article published online: 9 December 2011

Clin Microbiol Infect 2012; 18: E37–E45

10.1111/j.1469-0691.2011.03752.x

Corresponding author: J. W. Mouton, Department of Medical

Microbiology, Radboud University Nijmegen Medical Centre, PO Box

9101, 6500 HB Nijmegen, the Netherlands

E-mail: jwmouton@gmail.com

Introduction

Clinical breakpoints are used in clinical microbiology labora-

tories to categorize microorganisms as clinically susceptible

(S), intermediate (I) or resistant (R) dependent on the quan-

titative antimicrobial susceptibility as indicated by the MIC

value determined in a well-defined standard test system. The

laboratory report, with the designations of S, I or R for each

antimicrobial agent, provides guidance to clinicians with

respect to the potential use of agents in the treatment of

patients. The definition of susceptible by the European Com-

mittee on Antimicrobial Susceptibility Testing (EUCAST) is

that ‘A microorganism is defined as susceptible by a level of

antimicrobial activity associated with a high likelihood of

therapeutic success. A microorganism is categorized as sus-

ceptible by applying the appropriate breakpoint in a defined
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phenotypic test system,’ [1–3]. Conversely, resistance is

defined as a high likelihood of therapeutic failure. Ideally, clin-

ical breakpoints should therefore distinguish between

patients that are likely or unlikely to respond to antimicro-

bial treatment. Setting breakpoints involves several factors,

including clinical results from various types of study, wild-

type MIC distributions for relevant species of organisms,

antimicrobial dosing and pharmacokinetic (PK) and pharma-

codynamic (PD) aspects. In this paper, we provide an over-

view of the EUCAST process and considerations for setting

PK/PD breakpoints. These are the breakpoints that in the

EUCAST breakpoint tables are referred to as ‘non-species-

related breakpoints’.

Defining a Pharmacodynamic Target

The key phrase in the EUCAST definitions of susceptible and

resistant is ‘by a level of antimicrobial activity’. This indicates

that the concentrations, as well as the concentration–time

profile of the antimicrobial agent in the patient, should be

such that an adequate response to therapy can be expected.

In turn, this implies that a certain relationship exists between

the efficacy of an agent and the concentration–time profile

and that a prediction of the likelihood of successful treat-

ment can be made. It has been one of the most important

developments of the last decade that antimicrobial agent

concentration–effect relationships (or rather exposure–

response relationships, as the concentration of the agent that

the infecting organism is exposed to changes over time) have

become apparent. Also, exposures required for particular

responses, such as the probability of successful treatment

outcome, have been established. These findings were

recently summarized by Ambrose et al. [4], who showed that

exposures required for microbiological and clinical cure in

preclinical models and in humans were in a similar range.

An important consideration is that the efficacy of an anti-

microbial agent is dependent on the relationship between

the MIC for the microorganism and the exposure of the

microorganism to the agent in the patient (or other host).

Clinical outcome is dependent on the triangular relationship

between MIC, exposure and efficacy [5]. In turn, exposure

of the microorganism to the agent in the patient is depen-

dent on the dose and the pharmacokinetic properties of the

drug. For many agents the efficacy of the non-protein bound,

free (f) agent in serum is correlated with the area under the

concentration–time curve (AUC) and inversely correlated

with the MIC (Fig. 1). In other words, the effect is

dependent on the fAUC/MIC ratio. For other antimicrobial

agents this relationship is different. For instance, for b-lactam

agents it is not the fAUC/MIC relationship that best corre-

lates with outcome but the time, expressed as a percentage

of the dosing interval, that the concentration of the antimi-

crobial agent remains above the MIC for the microorganism,

in short the % fT > MIC. These factors correlating with effi-

cacy are called PK/PD indices, because they incorporate

pharmacokinetic (drug concentration over time) and pharma-

codynamic (drug effect over time) factors [6].The underlying

mechanisms that explain these relationships have been

explored by several investigators, and are primarily depen-

dent on the relationship between growth rate and the

dependency of the kill rate on antimicrobial concentrations

[7,8].

The relationship between a PK/PD index and response to

treatment allows for the definition of a pharmacodynamic

target (PDT). The PDT is the minimum value of the PK/PD

index that is aimed for when treating patients and is based

on preclinical and clinical drug/microorganism exposure–

response relationships. The PDT ideally is the PK/PD index

value that ensures a high probability of successful treatment.

There are two methods that are often used to identify the

PDT. The first method is a specific analysis of the exposure–

response relationship called Classification and Regression

Tree analysis and is most often used to analyse exposure–

response relationships in clinical trials [9–17]. This non-para-

metric method involves an algorithm of iterative splitting

(recursive partitioning) and searches for the PK/PD index

value that best discriminates between outcome categories,

FIG. 1. Cure rate after treatment with fluconazole in patients

(n = 132) with oropharyngeal candidiasis. From these patients, the

MIC distribution of the Candida albicans strains causing the infection

was determined. Patients received different doses of fluconazole and

the area under the curve (AUC) was estimated in each patient.

There were seven different fAUC/MIC ratio values, resulting in

seven groups. The proportion of patients cured in each group was

plotted against the AUC/MIC ratio and the relationship was deter-

mined using the Emax model. The figure clearly shows the propor-

tionality between fAUC and cure rate, whereas the MIC is inversely

proportional to the cure rate [13].
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for instance failures and successes as outcome in clinical tri-

als. The significance of classification can be tested using vari-

ous statistical analyses such as the Fisher test and validated

using logistic regression analysis. Outcome is usually binomial

(success or failure of treatment), so a significant difference

between classes indicates that the PK/PD index that defines

the classes distinguishes between the class with a high proba-

bility of cure and the class with a low probability of cure.

For example, in a study by Ambrose et al. [9], an fAUC/MIC

ratio of about 34 was found to distinguish between patients

that responded well or poorly to fluoroquinolone treatment

for pneumococcal infection.

The second method commonly used to identify the PDT

examines the full exposure–response relationship and from

this identifies a PDT. If used in clinical trial analysis and a sig-

nificant relationship exists, this is often the exposure that

results in at least 90% cure or the maximum effect. However,

both methods suffer from the fact that in many clinical trials

there are not enough failures to perform such analyses, par-

ticularly for new agents. In clinical trials the dosing regimens

chosen are based on obtaining a high drug exposure and

MICs are usually low, so few patients will have low exposures

and infecting microorganisms with high MICs. The PDT is

therefore most often derived from preclinical studies, such as

studies in animal models [18,19], but in vitro hollow fibre

infection models [20–22] are increasingly used. Most animal

models involve mice that are rendered neutropenic and

infected with an inoculum of 106 CFU/mL of microorganisms

in the thigh or lung. Treatment is then initiated and after 24

or 48 h the total bacterial count is determined for each

organ. Using different doses and dosing intervals, ranges of

exposure are obtained and are subsequently plotted against

the number of CFU to establish exposure–response relation-

ships. In a hollow fibre infection model, bacteria are exposed

to simulated concentration–time profiles in an in vitro system.

The advantages over animal models include examination of

the effects of different half-lives and studies at higher inocula

[23]. The latter in particular is used to study the emergence

of resistance. The relationship between exposure and

response (CFU) can generally be described by a sigmoid

curve such as the Emax model with variable slope (Fig. 2).

There are several conclusions that can be derived from this

relationship. It is obvious that increasing values of the PK/PD

index result in an increased effect, and that there is a value

where a near maximum effect is achieved. The three key PK/

PD index values that can be derived from this relationship

are the PK/PD index value that results in a net static effect

(no log10 drop in CFU) over 24 h of treatment (also called

the in vivo static effect) and the values that results in a 1 log10

drop or a 2 log10 drop in CFU. Intuitively, the PK/PD index

resulting in an in vivo static effect is the minimum value

required when treating patients with an intact immune sys-

tem, whereas a higher value may be required in patients that

are immune deficient. Ambrose et al. [4] showed that PK/PD

index values derived from studies in animals and those

obtained by Classification and Regression Tree analysis were

very similar; hence, PDTs can be derived from preclinical

studies as well as clinical studies. Although PDTs derived

from preclinical studies and clinical studies may differ for vari-

ous reasons, the differences are generally not large, and both

are taken into account by EUCAST when setting PK/PD

breakpoints. This applies to other PK/PD relationships as

well. For instance, for both quinolones and aminoglycosides

the fAUC/MIC has been shown to be the index best corre-

lated with efficacy, but the peak concentration (Cmax)/MIC

ratio is also considered to be of importance and is taken into

account. However, as most of these drugs are dosed once

daily and are dosed according to a fixed regimen, there is a

strong co-linearity between the various PK/PD indices and so

there are comparable correlations with efficacy.

Deriving Breakpoints from the

Pharmacodynamic Target—the Exposure–

MIC–response Relationship

To attain a particular PDT in each patient, and thereby

achieve a high probability of microbiological and clinical cure,

two conditions need to be met. The first is that the expo-

sure of the microorganism to the antimicrobial agent is ade-

quate in each patient. In clinical practice, however, the

exposure is fixed within certain boundaries, because the

doses that are prescribed to patients are standardized, and

are part of the summary of the product characteristics or

FIG. 2. Characteristic effect levels of a sigmoid dose–response

relationship (example for levofloxacin). The plot shows the relation-

ship between area under the curve for free agent (fAUC) and num-

ber of CFU after 24 h of treatment. The static effect line indicates

the fAUC required to result in no net change in CFU after 24 h of

treatment. The 2 log10 drop indicates the fAUC required for a 100-

fold reduction in CFU.
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the hospital formulary. However, the exposure does vary

among patients because of inter-individual variability of phar-

macokinetic parameters such as clearance and volume of dis-

tribution, and these factors should be taken into account

when striving to predict outcome of treatment based on the

PDT. The second condition is that the MIC is low enough to

attain a PK/PD index value above the PDT—the value of the

PK/PD index depending on exposure as well as MIC. Micro-

organisms with MICs that result in PK/PD index values that

are lower than the PDT should be considered resistant (low

probability of cure) whereas those with MICs that result in

PK/PD index values that are higher than the PDT should be

considered susceptible (high probability of cure), and the

clinical MIC breakpoint is then based on the PK/PD index

value that differentiates between the two groups. It is evi-

dent that the value of the breakpoint is directly dependent

on the expected exposure of the microorganism to the anti-

microbial agent in the patient to be treated.

As alluded to above, the expected exposure is dependent

on dose, pharmacokinetic properties and pharmacokinetic

variability in the population of patients to be treated, and

when setting clinical breakpoints each of these should be

taken into consideration. The first step therefore is to verify

the dose and dosing regimen that is (or will be) most com-

monly used in the treatment of patients for a certain indica-

tion. This is particularly important for older drugs, where

significant differences may exist. For instance, for penicillin,

the most extreme example, the dosing regimens used vary

between 600 mg three times daily to 3 g six times daily [24].

The pharmacokinetic properties of the agent, such as the vol-

ume of distribution and rate of clearance, will then provide

values for PK parameters such as fAUC, and PK/PD indices

are derived by including the MIC. The pharmacokinetic param-

eter is a property of the antimicrobial agent and the patient,

whereas the PK/PD index is also dependent on the MIC.

The simplest method to determine the MIC breakpoint

correlated with a particular exposure or PDT, is to take the

PDT and use the simulated pharmacokinetic curve (based on

pharmacokinetic properties and standard equations) for the

agent directly to calculate the MIC breakpoint value. For

instance, in the previously mentioned study by Ambrose

et al. [9], the PDT derived from Classification and Regression

Tree analysis was an fAUC/MIC ratio of 34. The fAUC for a

500-mg dose of levofloxacin is around 40 mg/h/L [25].

Hence, 40 (fAUC)/MIC (breakpoint) = 34 (PDT) and, rear-

ranging the formula, MIC breakpoint = 40/34 = 1 mg/L to

the nearest two-fold MIC value. Similarly, for antimicrobial

agents where efficacy is primarily correlated with the

%fT > MIC, such as b-lactams, the MIC breakpoint can be

derived directly from a PDT such as 40% (static PDT) to

60% (1–2 log drop PDT) fT > MIC. Whereas this method is

straightforward, the disadvantage is that it does not clearly

show the impact of variation in or specific choice of the

PDT on the MIC breakpoint. This can be achieved by tabu-

lating or plotting the PK/PD index as a function of MIC for

the dosing regimen of interest. For example, in Fig. 3 the

fT > MIC for ceftazidime is shown as a function of MIC for

two different dosing regimens, 1 g three times per day and

500 mg three times per day [10,26]. By drawing a horizontal

line at the PDT on the y-axis, the MIC breakpoint can be

read from the intersection with the plot. This approach

allows direct evaluation of the effect of various PDTs on the

MIC breakpoint. It also facilitates comparison of the effec-

tiveness of different dosing regimens in attaining PDTs [27].

Probability of Target Attainment and

Monte Carlo Simulations

The probable expected exposure in a particular patient is,

however, not only dependent on dose and pharmacokinetic

parameters, but also on the pharmacokinetic characteristics,

which may vary from patient to patient. When a specific PK/

PD index value is used as a PDT to predict the probability of

successful treatment, this should be true not only for the

population mean, but also for each individual patient within

the population. As the pharmacokinetic behaviour differs for

each individual, the PK part of the PI also differs. Hence,

when designing the dosing regimen that should result in a

FIG. 3. Relationship between fT > MIC and MIC of ceftazidime for

two different dosing regimens of ceftazidime. This illustrates that the

clinical breakpoint is dependent on the dosing regimen. Assuming

that 60% fT > MIC is the pharmacodynamic target (PDT), the break-

point for the dosing regimen of 500 mg three times per day is 4 mg/

L, whereas for the dosing regimen of 1000 mg three times per day

the breakpoint is 8 mg/L. Arrows indicate the PDT and the corre-

sponding breakpoint for the 500-mg dose. Alternatively, a PDT of

40% fT > MIC would result in breakpoints of 8 and 16 mg/L, respec-

tively.
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certain PDT this inter-individual variation should be consid-

ered. As real data defining the variability among individual

patients are rarely available, a statistical approach is taken to

simulate the variation. The statistical method most often

used is Monte Carlo Simulations (MCS). This method was

first used by Drusano et al. [28,29] to present an integrated

approach to population pharmacokinetics and microbiological

susceptibility information at the Food and Drug Administra-

tion Anti-infectives Product Advisory Committee. This

method quickly became a standard approach in the process

of setting breakpoints and has been used by EUCAST since

2002. There are several approaches to perform MCS [30].

The most common method involves repeatedly drawing ran-

dom parameter values for each of the pharmacokinetic

parameters, such as volume of distribution and clearance,

based on its population mean and the standard deviation

(SD), and construct simulated curves from those values fol-

lowing standard pharmacokinetic equations. Hence, the vari-

ability of pharmacokinetic parameters is used to simulate

multiple concentration–time curves. A typical simulation

involves 5000–10 000 cycles. As a control and a check that

the random drawing of parameter values represents the ori-

ginal parameter estimate and its SD, the mean and SD of the

simulations are compared with the original values and should

be similar. The same applies to the generated curves, which

can be compared with the original findings [31]. For each of

the generated pharmacokinetic curves, which are all slightly

different because the input parameters vary to a degree in

relation to the variance of the parameters, the value of the

PK/PD index is determined for a range of MICs. Two differ-

ent methods are used to display the results of MCS. The

first approach is to plot or tabulate the probability of target

attainment (PTA) of a PDT as a function of the MIC for a

particular target, or different targets. For example, Table 1

displays the PTA for various PDTs for a 1-g dose of ceftazi-

dime three times daily [10]. The MIC breakpoint follows

from the PDT that is considered necessary and the MIC

range that needs to be covered. For instance, 100% PTA is

attained at an MIC of 4 mg/L using a PDT of 50%

f%T > MIC. Fig. 4 shows results for linezolid, as a plot rather

than a table [32]. Typically, the MIC distribution of the target

microorganisms is displayed in the same figure. By viewing

the PTA as well as the MIC distribution the relationship

between them is easily perceived. In this case, the PTA sup-

ports a susceptible PK/PD (non-species related) breakpoint

of 2 mg/L and this is also the MIC at the high end of the

wild-type MIC distribution.

As can be observed from Fig. 4, the PTA is close to 100%

at low MICs, and then decreases rapidly to 0 at high MICs.

The slope of the line follows from the distribution of curves

generated by the simulations, and becomes steeper if the

variation in pharmacokinetic parameters is reduced. With a

large variation, the PTA starts to decrease at lower MICs

but decreases more slowly and will approach zero at higher

MICs. The acceptable level of PTA is still under debate. Val-

ues of 99%, 95% or 90% have all been used. However,

whereas 90% is often used it means that 10% of the popula-

tion infected with a microorganism that has the MIC used to

determine the PD index would probably not be covered

optimally, that is, the PDT would not be attained. It should

be noted that it is only the PTA at the MIC breakpoint value

that is considered and not the PTA at lower MICs. The PTA

at lower MICs will be close to 100%, and the accumulative

PTA for the MIC distribution is much higher than for the

breakpoint MIC value alone. In addition, because of the posi-

tion and slope of the line, it could easily be that, for instance,

100% PTA is attained at 1 mg/L, 89% is attained at 2 mg/L

and 70% at 4 mg/L. A breakpoint of 2 mg/L would in that

case be more justified. In addition, if the PDT was slightly dif-

ferent—the PDT is an estimate in itself—the PTA would be

TABLE 1. Probability of target attainment (%) for various

pharmacodynamic targets for 1 g ceftazidime given three

times daily.

MIC (mg/L)

%fT > MIC

30 40 50 60

0.5 100 100 100 100
1 100 100 100 100
2 100 100 100 100
4 100 100 100 100
8 100 99 84 42
16 54 10 1 0
32 0 0 0 0

From ref. [10]

FIG. 4. Probability of Target Attainment (PTA) of linezolid for three

pharmacodynamic targets (PDTs) 50, 75 and 100, for a range of

MICs. At an MIC of 1 mg/L nearly 100% of the target population is

expected to reach the PDT, whereas at an MIC of 4 mg/L this per-

centage is lower. The wild-type MIC distribution for Staphylococcus

aureus indicated by the bars shows that the full distribution is cov-

ered by the PK/PD breakpoint.
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90% and no discussion would ensue. It is, however, not easy

to determine the effects of these considerations together

from this type of graph. In some cases therefore, a small

range of breakpoint values should be considered, rather than

a single value.

An alternative approach that has also been used is to

present the results of MCS graphically, and was first pre-

sented at the CLSI meeting in Tampa in 2004 [33] to dem-

onstrate the EUCAST approach. It has the advantage that it

shows the total probability function irrespective of the tar-

get and therefore provides a more complete picture of the

data [10]. An example is shown in Fig. 5. The fT > MIC for

ceftazidime is displayed as a function of the MIC for a 1-g

dose. The middle line represents the values for the mean of

the population, and is similar to Fig. 3. The lines on both

sides represent the confidence interval (CI) estimations

(percentiles) of the mean values. The MICs that can suppos-

edly be covered with the dosing regimen can be read

directly from the figure at the intersection of the horizontal

line at the PDT and the lower CI. If a CI of 80% were cho-

sen, this would correspond with the 90% PTA of the

method described above (the upper confidence limit not

being important here). This method of display has the

advantage that the effect of choosing a different PDT can

be observed directly and weighted against all the other evi-

dence for setting a breakpoint. Over the years, EUCAST

has included both the 95% and 99% CI in the plots (in the

plots indicated as percentiles), corresponding to 97.5 and

99.5 PTA, and has used the MIC values that resulted from

these PTAs as the initial value for setting a PK/PD break-

point. The value that ensues usually falls between two two-

fold MIC values. The precision of the PDT estimate, the

width of the confidence interval, the closeness to the lower

or higher MIC, evidence from PK/PD studies, the indication

for use of the drug and the MIC distribution itself are then

taken into consideration before agreeing on the PK/PD

breakpoint. In general, the PK/PD breakpoint based on MCS

is one dilution lower than one that would be generated

from the mean of the population. With agents for which

the AUC/MIC is the PDT, a coefficient of variation (CV) of

the AUC of 30% is common and the 90% CI then corre-

sponds to slightly < 2 CVs, i.e. close to 50% or a one-fold

to two-fold MIC dilution.

Important Considerations

The most important consideration is that while MCS and

PTA are important, they are just two of several tools used

in breakpoint setting. Other relevant information, such as

outcome of clinical trials, use of the drug under specific cir-

cumstances and clinical experience are also taken into

account by EUCAST and may differ between species. In addi-

tion, data are accumulating that emergence of resistance is

also linked to specific PK/PD indices and values thereof [34–

36]. Data on emergence of resistance are also increasingly

incorporated in the discussions, but this is not yet systemati-

cally applied because of a lack of data.

One important principle in setting breakpoints is that

clinical breakpoints should, if possible, not divide wild-type

MIC distributions [1,2]. Hence, if PK/PD breakpoints are

derived that do divide the wild-type population, alternatives

are sought. In some cases this has led to an increase in the

breakpoint with notes that a higher dose should be used

(e.g. the levofloxacin breakpoint for Streptococcus pneumo-

niae) and in other cases it is lowered to render all bacteria

intermediate or fully resistant (e.g. the ciprofloxacin break-

point for S. pneumoniae) (Fig. 6) and the aztreonam break-

point for Pseudomonas aeruginosa. As a consequence of the

principle of not dividing the WT MIC distribution, a spe-

cies-specific breakpoint could be higher than the non-spe-

cies (PK/PD) breakpoint and this is usually resolved by

specific dose recommendations. The identification of patient

groups where the agent will be most used and that are

most critical is also an important consideration. For exam-

ple, patients in intensive-care units generally have different

pharmacokinetics with a higher volume of distribution

and lower clearance than most other patients. The use of

different pharmacokinetic parameters in the simulations will

obviously result in different conclusions with respect to the

breakpoints, as was shown in case studies for ceftazidime

FIG. 5 The fT > MIC of ceftazidime displayed as a function of the

MIC for a 1-g dose. The middle line represents the values for the

mean of the population (cf Fig. 3) whereas the lines on both sides

represent the confidence interval estimations (percentiles) of the

mean values obtained by Monte Carlo Simulation. MICs that can sup-

posedly be covered with the dosing regimen can be read directly

from the figure at the intersection of the horizontal line at the phar-

macodynamic target and the lower confidence interval [10,26].
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[10] and for other agents [37]. MCS was performed using

pharmacokinetic parameters from three different popula-

tions, human volunteers, patients with cystic fibrosis and

patients from the intensive-care unit. In each population the

derived breakpoints were different. EUCAST takes such dif-

ferences into consideration when setting breakpoints, based

on the indication of the drug and its likely use. The clinician

should, however, also be aware of the indications for the

drug and the doses used to set breakpoints. For instance, in

patients with cystic fibrosis, use of a standard dose of ceft-

azidime when P. aeruginosa is reported as susceptible is not

adequate as many of these patients have a higher rate of

clearance and higher doses need to be administered to give

an adequate exposure. In specific populations, measure-

ments of drug concentrations in the individual patient and

measurements of MICs for infecting organisms may be

worthwhile to fine-tune dosing. This would result in guid-

ance for therapy on an individual basis rather than using a

specific clinical breakpoint. Finally, it should be realized that

the conclusions based on MCS are primarily based on the

PDT. A higher PDT implies a lower breakpoint, and it is

therefore important to weigh the evidence for the PDT.

The method that EUCAST commonly uses—interpreting

PK/PD index versus MIC plots with confidence inter-

vals—provides the means to do so. Weighting the PDT

applies in particular to new antimicrobial classes and some

old antimicrobial classes. For many existing classes the PDT

will, in general, be known. Unless there is clear evidence

that the PDT for a drug differs from others within the same

class, the PDT will be in the same range and comparable

with others in the class. It should be emphasized, however,

that the PDT is not set in stone and in some cases could

be disputed, in particular when pharmacodynamic data are

scarce. In general, when data are scarce, EUCAST will take

the cautious approach and either not provide a breakpoint

or set a relatively conservative breakpoint.

For susceptibility reports, it should be noted that the final

decision on reporting susceptibility is not based on a specific

breakpoint alone. Expert rules may modify the interpretation

in specific situations and convert a susceptible or intermedi-

FIG. 6. Probability of Target Attainment (PTA) for levofloxacin (500 mg once per day) (a, left upper panel) and ciprofloxacin (500 mg twice per

day) (b, left lower panel), respectively. For levofloxacin, the derived breakpoint is 1 mg/L, based on a pharmacodynamic target of 34. However,

the MIC distribution of the wild-type includes microorganisms with an MIC of 2 mg/L (right upper panel). As the wild-type needs to be fully cov-

ered, the susceptible breakpoint was set at 2 mg/L provided a higher dose was used. For ciprofloxacin, the derived pharmacokinetic/pharmacody-

namic (PK/PD) breakpoints were at the lower end of the MIC distribution (right lower panel). The susceptible breakpoint was therefore set at

the lower end of the distribution. Another conclusion could be that the PTA of ciprofloxacin is too low to justify its use for pneumococcal infec-

tions.
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ate category to a more resistant one [38]. This normally

implies that there are additional clinical or microbiological

data supporting such modifications.

In summary, EUCAST has developed tools to use PK/PD

and MCS to set breakpoints by considering the relationship

between PK/PD index and MIC that includes the variability in

both exposure and MIC. The representation of the results of

MCS in graphical or tabular plots of PK/PD index versus MIC

allows an interpretation of this relationship that is otherwise

not readily possible. The breakpoints that are set are primar-

ily based on the pharmacodynamic targets that are available,

the variability (and hence the probability) of target attainment

in the population and the indications and likely use of the anti-

microbial agent. Fig. 7 summarizes this procedure. Finally, EU-

CAST reconsiders PK/PD breakpoints when indications

change significantly and/or when dosing regimens change sig-

nificantly.

Acknowledgement

EUCAST is supported by a grant from the European Centre

for Disease Prevention and Control and by European Society

of Clinical Microbiology and Infectious Diseases.

Transparency Declaration

Nothing to declare.

References

1. Kahlmeter G, Brown DF, Goldstein FW et al. European harmoniza-

tion of MIC breakpoints for antimicrobial susceptibility testing of bac-

teria. J Antimicrob Chemother 2003; 52: 145–148.

2. Kahlmeter G, Brown DF, Goldstein FW et al. European Committee

on Antimicrobial Susceptibility Testing (EUCAST) technical notes on

antimicrobial susceptibility testing. Clin Microbiol Infect 2006; 12: 501–

503.

3. ISO. ISO 20776-1. Clinical laboratory testing and in vitro diagnostic test

systems—Susceptibility testing of infectious agents and evaluation of per-

formance of antimicrobial susceptibility testing devices—part 1. Geneva,

Switzerland: International Standards Organisation, 2006.

4. Ambrose PG, Bhavnani SM, Rubino CM et al. Pharmacokinetics–phar-

macodynamics of antimicrobial therapy: it’s not just for mice any-

more. Clin Infect Dis 2007; 44: 79–86.

5. Mouton JW, Ambrose PG, Canton R et al. Conserving antibiotics for

the future: new ways to use old and new drugs from a pharmacoki-

netic and pharmacodynamic perspective. Drug Resist Updat 2011; 14:

107–117.

6. Mouton JW, Dudley MN, Cars O, Derendorf H, Drusano GL. Stan-

dardization of pharmacokinetic/pharmacodynamic (PK/PD) terminol-

ogy for anti-infective drugs: an update. J Antimicrob Chemother 2005;

55: 601–607.

7. Mouton JW, Punt N, Vinks AA. Concentration–effect relationship of

ceftazidime explains why the time above the MIC is 40 percent for a

static effect in vivo. Antimicrob Agents Chemother 2007; 51: 3449–3451.

8. Tam VH, Nikolaou M. A novel approach to pharmacodynamic assess-

ment of antimicrobial agents: new insights to dosing regimen design.

PLoS Comput Biol 2011; 7: e1001043.

9. Ambrose PG, Bhavnani SM, Owens RC Jr. Clinical pharmacodynamics

of quinolones. Infect Dis Clin North Am 2003; 17: 529–543.

10. Mouton JW, Punt N, Vinks AA. A retrospective analysis using Monte

Carlo simulation to evaluate recommended ceftazidime dosing regi-

mens in healthy volunteers, patients with cystic fibrosis, and patients

in the intensive care unit. Clin Ther 2005; 27: 762–772.

11. Bhat SV, Peleg AY, Lodise TP Jr et al. Failure of current cefepime

breakpoints to predict clinical outcomes of bacteremia caused by

gram-negative organisms. Antimicrob Agents Chemother 2007; 51:

4390–4395.

12. Kashuba AD, Nafziger AN, Drusano GL, Bertino JS Jr. Optimizing

aminoglycoside therapy for nosocomial pneumonia caused by gram-

negative bacteria. Antimicrob Agents Chemother 1999; 43: 623–629.

13. Rodriguez-Tudela JL, Almirante B, Rodriguez-Pardo D et al. Correla-

tion of the MIC and dose/MIC ratio of fluconazole to the therapeutic

response of patients with mucosal candidiasis and candidaemia. Anti-

microb Agents Chemother 2007; 51: 3599–3604.

14. Highet VS, Forrest A, Ballow CH, Schentag JJ. Antibiotic dosing issues

in lower respiratory tract infection: population-derived area under

inhibitory curve is predictive of efficacy. J Antimicrob Chemother 1999;

43 (suppl A): 55–63.

15. Meagher AK, Passarell JA, Cirincione BB et al. Exposure–response

analyses of tigecycline efficacy in patients with complicated skin and

skin-structure infections. Antimicrob Agents Chemother 2007; 51: 1939–

1945.

16. Ambrose PG, Grasela DM, Grasela TH, Passarell J, Mayer HB, Pierce

PF. Pharmacodynamics of fluoroquinolones against Streptococcus pneu-

moniae in patients with community-acquired respiratory tract infec-

tions. Antimicrob Agents Chemother 2001; 45: 2793–2797.

17. Bhavnani SM, Passarell JA, Owen JS, Loutit JS, Porter SB, Ambrose

PG. Pharmacokinetic–pharmacodynamic relationships describing the

efficacy of oritavancin in patients with Staphylococcus aureus bactere-

mia. Antimicrob Agents Chemother 2006; 50: 994–1000.

FIG. 7. Summary of the process of setting pharmacokinetic/pharma-

codynamic (PK/PD) breakpoints by EUCAST.

E44 Clinical Microbiology and Infection, Volume 18 Number 3, March 2012 CMI

ª2011 The Authors

Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18, E37–E45

 14690691, 2012, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1469-0691.2011.03752.x, W

iley O
nline L

ibrary on [15/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



18. Craig WA. Pharmacokinetic/pharmacodynamic parameters: rationale

for antibacterial dosing of mice and men. Clin Infect Dis 1998; 26: 1–

10. quiz 11–12.

19. Craig WA. Basic pharmacodynamics of antibacterials with clinical

applications to the use of b-lactams, glycopeptides, and linezolid.

Infect Dis Clin North Am 2003; 17: 479–501.

20. Tam VH, Kabbara S, Vo G, Schilling AN, Coyle EA. Comparative

pharmacodynamics of gentamicin against Staphylococcus aureus and

Pseudomonas aeruginosa. Antimicrob Agents Chemother 2006; 50: 2626–

2631.

21. MacGowan AP, Noel A, Tomaselli S, Elliott H, Bowker K. Pharmaco-

dynamics of razupenem (pz601) studied in an in vitro pharmacokinetic

model of infection. Antimicrob Agents Chemother 2011; 55: 1436–1442.

22. MacGowan AP, Noel AR, Tomaselli S, Elliott HC, Bowker KE. Phar-

macodynamics of telavancin studied in an in vitro pharmacokinetic

model of infection. Antimicrob Agents Chemother 2011; 55: 867–873.

23. Tam VH, Ledesma KR, Chang KT, Wang TY, Quinn JP. Killing of Esc-

herichia coli by b-lactams at different inocula. Diagn Microbiol Infect Dis

2009; 64: 166–171.

24. EUCAST. 2010. Available at: http://www.Eucast.Org/fileadmin/src/

media/pdfs/eucast_files/rationale_documents/benzylpenicillin_ratio-

nale_nov2010_v_1.0.Pdf (last accessed 18 October 2011).

25. EUCAST. 2007. Available at: http://www.Eucast.Org/fileadmin/src/

media/pdfs/eucast_files/rationale_documents/levofloxacin_ratio-

nale_1.5.Pdf (last accessed 18 October 2011).

26. EUCAST. 2010. Available at: http://http://www.Eucast.Org/fileadmin/

src/media/pdfs/eucast_files/rationale_documents/ceftazidime_ratio-

nale_document_1.0_2010nov.Pdf (last accessed 18 October 2011).

27. Mouton JW, Punt N. Use of the T> MIC to choose between differ-

ent dosing regimens of b-lactam antibiotics. J Antimicrob Chemother

2001; 47: 500–501.

28. Drusano GL, D’Argenio DZ, Preston SL et al. Use of drug effect

interaction modeling with Monte Carlo simulation to examine the

impact of dosing interval on the projected antiviral activity of the

combination of abacavir and amprenavir. Antimicrob Agents Chemother

2000; 44: 1655–1659.

29. Drusano GL, Preston SL, Hardalo C et al. Use of preclinical data for

selection of a phase II/III dose for evernimicin and identification of a pre-

clinical MIC breakpoint. Antimicrob Agents Chemother 2001; 45: 13–22.

30. Bonate PL. A brief introduction to Monte Carlo simulation. Clin Phar-

macokinet 2001; 40: 15–22.

31. Mouton JW, Schmitt-Hoffmann A, Shapiro S, Nashed N, Punt NC.

Use of Monte Carlo simulations to select therapeutic doses and pro-

visional breakpoints of bal9141. Antimicrob Agents Chemother 2004; 48:

1713–1718.

32. EUCAST. 2005. Available at: http://www.Eucast.Org/fileadmin/src/

media/pdfs/eucast_files/rationale_documents/linezolidrationale1.0.Pdf

(last accessed 18 October 2011).

33. EUCAST. The EUCAST process of setting breakpoints. CLSI subcommit-

tee on antimicrobial susceptibility testing. Tampa, FL: EUCAST, 2005.

34. Tam VH, Louie A, Deziel MR, Liu W, Drusano GL. The relationship

between quinolone exposures and resistance amplification is charac-

terized by an inverted U: a new paradigm for optimizing pharmacody-

namics to counterselect resistance. Antimicrob Agents Chemother 2007;

51: 744–747.

35. Goessens WH, Mouton JW, Ten Kate MT, Bijl AJ, Ott A, Bakker-

Woudenberg IA. Role of ceftazidime dose regimen on the selection

of resistant Enterobacter cloacae in the intestinal flora of rats treated

for an experimental pulmonary infection. J Antimicrob Chemother 2007;

59: 507–516.

36. Firsov AA, Vostrov SN, Lubenko IY, Drlica K, Portnoy YA, Zinner

SH. In vitro pharmacodynamic evaluation of the mutant selection win-

dow hypothesis using four fluoroquinolones against Staphylococcus

aureus. Antimicrob Agents Chemother 2003; 47: 1604–1613.

37. Roberts JA, Kirkpatrick CM, Roberts MS, Robertson TA, Dalley AJ,

Lipman J. Meropenem dosing in critically ill patients with sepsis and

without renal dysfunction: intermittent bolus versus continuous

administration? Monte Carlo dosing simulations and subcutaneous tis-

sue distribution J Antimicrob Chemother 2009; 64: 142–150.

38. Leclercq R, Cantón R, Brown DF et al. EUCAST expert rules in anti-

microbial susceptibility testing. Clin Microbiol Infect 2011; Oct 21. doi:

10.1111/j.1469-0691.2011.03703.x. [Epub ahead of print].

CMI Mouton et al. The role of PK/PD in setting clinical MIC breakpoints E45

ª2011 The Authors

Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18, E37–E45

 14690691, 2012, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1469-0691.2011.03752.x, W

iley O
nline L

ibrary on [15/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


