
The role of MIC testing in therapeutic drug 
monitoring and beyond

– implications for the clinical microbiology laboratory

Anna-Karin Smekal
Senior Consultant Clinical Microbiology
Specialist Physician Infectious Diseases

Karolinska University Hospital
Stockholm



TDM =Therapeutic Drug Monitoring

• Purpose: 

• To avoid toxicity and to optimise clinical efficacy

• Historically employed for antimicrobials with narrow therapeutic range and mostly to prevent
toxicity

• Traditionally TDM is used in a Nordic setting for: 

• Vancomycin; ”Mississippi mud”

• Aminoglycosides

• From a Swedish perspective TDM for other antimicrobials can only be performed at four of seven
University hospitals 



European experts: Recommendations
regarding TDM in ICU-patients from 2020



Why TDM of β-lactams in the critically ill
patient?
• Severe infections like sepsis and septic shock are common causes of admissions to intensive care 

units (ICU) globally. The use of antibiotics in ICU-patients is high. 
• In a recent worldwide point prevalence study, 50% of the ICU-patients had a proven or suspected infection and the 

in-hospital mortality in this group was 30%

• The beta-lactams like cefotaxime, piperacillin-tazobactam and meropenem are cornerstones of 
treatment in the ICU due to their bactericidal effect and rapid killing of the bacteria.

• Despite knowledge that targeted, rapidly initiated and adequately dosed antibiotics are crucial to 
the outcome the mortality and morbidity in ICU-patients with infections remains high

• Why?

Antibiotic dosing regimens are often developed from data on 

pharmacokinetics (PK) from healthy individuals.

In ICU-patients, both the infection and ICU-care itself alter the PK with risk of 

underdosing of antibiotics like the β-lactams.





Why TDM of β-lactams in the critically ill 
patient?
• Overall goal: optimisation of therapy by reaching PK/PD-target attainment, ie adequate antibiotic 

concentrations.

• Avoid collateral damage of more aggressive beta-lactam dosing to account for altered drug PK of 
ICU-patients. Side-effects like neurotoxicity underreported (exception: cefepime)

• Optimal exposure also prevents development of resistance in causative bacterium



Host factors influencing the cure of infection

Immune system PK of the antibiotics



Bacterial factors
-influencing the cure of infection
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Antibiotic factors-
influencing the cure of an infection

PD of the antibiotic Mechanism of action





A short reminder on PK/PD of antimicrobials

• Pharmacokinetics (PK): The way the body processes the drug 
• In terms of how the concentration of a single dose changes over time
• Depending on the four PK-parameters (Absorption, Distributions, Metabolism and 

Elimination) 
• Leading to a specific exposure of the drug

• Pharmacodynamics (PD): How the drug exposure impacts the body
• In terms of how a single dose impacts the body, the ”dose-response” relationship. 
• Depending on the pathogen causing the infection and its MIC, or the susceptibility, of the 

patogen
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PK/PD-index

• Based on the work of Bill Craig on neutropenic mice (pneumonia)

• Describes the correlation between the exposure (PK), the MIC and the effective killing of the 
causative bacteria (PD), i. e the treatment efficacy

• For antimicrobial agents there are three different PK/PD-index

Craig WA. CID 1998
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The magnitude of the PK/PD-index needed for 
antimicrobial efficacy 

• Cut-off value also known as the pharmacodynamic target (PDT) or PK/PD-target

• For beta-lactams: the percentage of time the free plasma concentration of the drug remains 
above the MIC (%fT>MIC)

• The optimal PK/PD-target in ICU-patients is still under discussion

Abdul-Aziz, Crit Care Med, 2020
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Abdul-Aziz, Crit Care Med, 2020



• physiological changes caused by the infection 

• interventions associated with modern ICU-care

• B) Increased drug clearance (Cl) → T>MIC 
decreases 

• Altered protein binding and hypoalbuminemia 
enhances A+ B for β-lactams with high protein binding. 

Roberts JA, Taccone FS, Lipman J. Understanding PK/PD. Intensive Care Med. 2016 Nov;42(11):1797-1800. 

Summary: Increased risk that standard dosing regimen during the first days of treatment of β-

lactams leads to underexposure in ICU-patients. Therapeutic drug monitoring could overcome this.



TDM and MIC
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MIC-parameter Definition Usage in the PK/PD—calculations of the study (n=patients)

MICACTUAL+1
The actual MIC for the isolated pathogens adjusted by adding one 2-fold
dilution MIC-step to account for technical variation of BMD

Used for all patients where a causative pathogen was isolated and
MIC-testing with BMD was performed

MICECOFF
The epidemiological cut-off value (ECOFF); a value separating the wild type (WT)
population from the population with acquired resistance mechanisms

Used for all patients where a causative pathogen was isolated and
BMD or disc diffusion according to EUCAST was performed

MICWCS

The worst-case scenario of bacterial susceptibility, i.e. the MICECOFF for the
possible pathogen with the highest ECOFF for the antibiotic in question,
reflecting the highest MIC the empiric treatment should cover.

Used for all patients in the study. MICWCS used:
Cefotaxime: MICECOFF for S. aureus of 4 mg/L
Piperacillin-tazobactam: MICECOFF for P. aeruginosa of 16 mg/L
Meropenem: MICECOFF for P. aeruginosa of 2 mg/L





Target attainment depending on the MIC-
parameter

In the whole ACCIS-
study cohort the use 
of MICWCS 

overestimated 
target attainment 
failure compared to 
the use of MICECOFF 

based on the 
causative pathogen

Smekal JAC 2023



• MIC is not a strict value but rather an observational minimum concentration range based on MIC-
distributions

• MIC-testing in the WT-population should not be performed!

• MIC-testing has a variability of +/- 1 dilution step even with the reference methods under optimal 
conditions and with well-trained staff

• Broth microdilution (BMD) is the reference method for aerobic bacteria, with some exceptions 

• Agar dilution is the reference method for anaerobic bacteria

• EUCAST disk diffusion method is well calibrated against reference MIC and is a good surrogate marker 
for MIC. Most other surrogate MIC-methods including gradient test are not.



QC of discs compared to gradienttest



Is MIC-testing needed for TDM-purposes?

• Most Nordic laboratories are testing isolates with the EUCAST disc 
diffusion method which does not give you an MIC-value…or?

• Gradienttest is just a surrogate marker for MIC. 
• Not superior in any way to disc diffusion.

• In almost all cases no added value compared to disc diffusion, especially in 
WT isolates



How to use your disc diffusion results in TDM 
situations 

Example 1:
If the antibiotic/pathogen combination is reported S (WT) and 
no I-group exist: The MIC-value = clinical S-breakpoint=ECOFF. 
Enterobacterales/Piperacillin-tazobactam MIC 8 mg/L 

Example 2:
If the antibiotic/pathogen combination is reported I (WT): The 
MIC-value = clinical R-breakpoint=ECOFF
P. aeruginosa/Piperacillin-tazobactam MIC 16 mg/L



How to use your disc diffusion results in TDM 
situations- Special situations
• S. aureus: Screening for beta-lactams using cefoxitin

• Cefoxitin S: Go to the MIC-distributions on EUCAST website
• Cefotaxime/S. aureus: ECOFF = 4 mg/L

• Meropenem/S.aureus: ECOFF =0.5 mg/L

• Piperacillin-tazobactam/S.aureus: ECOFF = 4 mg/L

• Kloxacillin/S.aureus: tentative value 1 mg/L (insufficient data)



How to use your disc diffusion results in TDM 
situations- Special situations

• Enterobacterales and 
meropenem

• MIC ≤0.125 mg/L: strain belongs 
to the WT, i.e. ≥26 mm

• MIC ≤2 mg/L: strain is susceptible, 
i.e. ≥22 mm

• Major difference in calculations 
depending on if the strain is S/WT 
or S/non-WT

• This can be determined with disk 
diffusion

Tängdén T and Giske CG. J Intern Med. 2015;277(5):501-12.

0.125 mg/L 2 mg/L



….and then just follow the French solution…



Thank you!
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