
ANTIBIOTIC PHARMACOKINETICS  

AND  

PHARMACODYNAMICS 

Basic concepts 
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WHAT IS PHARMACOKINETICS? 

Refers to how antibiotics enter the body, 

where they go once they are “inside,” and 

how they get out.  

Can be described as absorption, 

distribution, and metabolism/excretion  

(“ADME”). 

So, Pharmacokinetics means what the 

body does with the drug. 
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 IMPORTANCE OF PHARMACOKINETICS 

The pharmacokinetics of antibiotics are key to 

the effectiveness of the drugs in clinical practice 

There is no benefit if  an antibiotic that is great at 

killing bugs if it never gets to the site of the 

infection at a high enough concentration to work. 
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HOW PK PARAMETERS ARE STUDIED? 

PK studies evaluate drug absorption, distribution, 

metabolism and excretion from the body.  

These parameters are usually measured by studying the 

achievable drug levels in blood and other body fluids (eg, CSF) 

in healthy volunteers.  

Most antimicrobial agents are protein-bound, ranging anywhere 

from 30% to 95% depending on the agent.  

While PK can be measured as total drug concentration, it is only the 

unbound (free) drug that has activity against bacterial pathogens.  

Therefore, unbound (free) drug concentrations are generally used in 

assessment of PK for setting breakpoints or determining a dose. 
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THREE PHARMACOKINETIC PARAMETERS 

That are most important for evaluating antibiotic 

efficacy are the  

 Peak serum level (Cmax)  

 The trough level (Cmin)  

 The Area Under Curve (AUC).  

While these parameters quantify the serum level time 

course, they do not describe the killing activity of an 

antibiotic. Which are described by Pharmacodynamics 
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WHAT IS PHARMACODYNAMICS? 

PD, studies the relationship between unbound drug 

concentration over time and the resulting 

antimicrobial effect on the organism.  

PD answers the question “What does the drug do to 

the organism(and host)?”  

Ideally, the effect of an antimicrobial agent is to 

eradicate the infecting organism without adverse 

effects to the patient.  
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MINIMUM INHIBITORY CONCENTRATION (MIC) 

The MIC is the lowest concentration of an antibiotic 

that completely inhibits the growth of a 

microorganism in vitro.  

Developed in the 1950’s to forecast response to 

therapy 

While the MIC is a good indicator of the potency of 

an antibiotic, it indicates nothing about the time 

course of antimicrobial activity. 
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MIC… 

Therefore, the unfortunate truth is that an MIC on 

its own is a relatively blunt instrument tasked with 

addressing an extremely complex problem. 

MIC values are limited in that they measure 

antibacterial activity over fixed concentrations of 

drug. Such a metric does not account for the time 

course of antibacterial activity as a function of 

fluctuating concentrations of drug in patients. 
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PK-PD INTEGRATION 

 Integrating the PK parameters with the MIC 

gives us three PK/PD parameters which 

quantify the activity of an antibiotic:  

 the Peak/MIC ratio 

 the %T>MIC 

 the 24h-AUC/MIC ratio  
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UNDERSTANDING  TERMS OF PK/PD 

 The Peak/MIC ratio is simply the Cmax 

divided by the MIC.  

 The %T>MIC (time above MIC) is the percentage 

of a dosage interval in which the serum level 

exceeds the MIC.  

 The 24h-AUC/MIC ratio is determined by 

dividing the 24-hour-AUC by the MIC. 
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ABBREVIATIONS 

 %T > MIC, length of time the concentration of drug in the 

patient’s serum remains above the MIC 

 CMAX, highest (maximum)concentration of drug attained 

during the dosing interval  

 AUC, area under the curve calculated by examining the 

length of time the drug concentration remains above the 

MIC together with the overall drug concentration achieved 

over this time frame.  

 The broken horizontal MIC line refers to the susceptible 

breakpoint for the antimicrobial-organism combination. 
15 



AREA UNDER THE CURVE (AUC) 

 

 

 

• The AUC is a measure of total systemic exposure to 

the drug, which expresses how much drug reaches a 

person's bloodstream in a given period of time after 

a dose is given.  

 The information is useful for determining dosing 

and for identifying potential drug interactions. 

 Units : µg/ml x hrs 

 It helps to evaluate and compare bioavailability 

profiles between medicines.  
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AREA UNDER THE CURVE (AUC)… 

 Typically, the area is calculated starting from the time the 

medicine is administered until the time when the concentration 

in plasma is insignificant.  

Cmax: The maximum concentration or maximum systemic 

exposure 

Tmax: The time of maximum concentration or maximum systemic 

exposure 

t1/2 or half-life: The time required to reduce the plasma 

concentration to one-half of its initial value 
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IMPORTANCE OF PK/PD 

PK-PD target threshold helps to … 

 Select a dose with clinical response rates 

consistent with regulatory approval  

 Select appropriate susceptibility breakpoint  

 Prevent resistance amplification  

 Optimize speed of response  

  

18 



FURTHER USE OF PK/PD 

PK/PD is also critical in determining breakpoints 

that are used to categorize the MIC of an isolate as  

 “Susceptible,”  

 “Intermediate,”  

 “Susceptible-Dose-Dependent”,  

 “Non-Susceptible,” or “Resistant.”  

Done by Clinical and Laboratory Standards 

Institute (CLSI) 19 



20 



ANTIMICROBIAL PATTERNS 

The three Pharmacodynamics properties of 
antibiotics that best describe killing activity are - 

1. Time-dependent- The rate of killing is 
determined by the length of time necessary to 
kill . 

2. Concentration-dependent- the effect of 
increasing concentrations . 

3. Persistent effects- Post-Antibiotic Effect -PAE is 
the persistent suppression of bacterial growth 
following antibiotic exposure. 
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TYPE I ANTIBIOTICS - TIME-DEPENDENT 

Aminoglycosides, fluoroquinolones  

The ideal dosing regimen would maximize concentration, 

because the higher the concentration, the more extensive and 

the faster is the degree of killing.  

 Therefore, the Peak/MIC ratio is the important 

predictors of antibiotic efficacy.  

 For aminoglycosides, it is best to have a Peak/MIC 

ratio of at least 8-10 to prevent resistance. 
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GENTAMICIN IS PROTOTYPE OF TYPE -1 

 Exhibit maximum activity with high concentrations and long 
PAE.   

 Substantial PAE 

 Immunomodulatory action (leucocyte enhancement) 

 Adaptive resistance (ability to revert to susceptible) 

 Nephrotoxicity: reversible; drug binding to brush border of 
renal cells. 

 Ototoxicity: Irreversible; free radicals damage vestibular and 
cochlear cells. 

 PK/PD parameter :Cmax /MIC ratio should be 8-10 for MIC 
≤1ug/ml 

 Goal trough levels 0.5-1ug/ml before redosing 
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TYPE II ANTIBIOTICS- CONCENTRATION-DEPENDENT 

Beta-lactams, Clindamycin, Erythromycin, and Linezolid 

 

 The ideal dosing regimen for these antibiotics 

maximizes the duration of exposure.  

 The T>MIC is the parameter that best correlates with 

efficacy.  

 For beta-lactams and erythromycin, maximum killing 

is seen when the time above MIC is at least 70% of the 

dosing interval. 
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TYPE III ANTIBIOTICS 

Vancomycin, Tetracyclines, Azithromycin 

 Have mixed properties, they have time-dependent killing and 

moderate persistent effects.  

 The ideal dosing regimen for these antibiotics maximizes 

the amount of drug received.  

 Therefore, the 24h-AUC/MIC ratio is the parameter that 

correlates with efficacy.  

 For vancomycin, a 24h-AUC/MIC ratio of at least 400 is 

necessary for MRSA. 
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“Time” refers to the dosing interval. “Concentration” refers to the amount of drug attained over 

time in a patient’s blood following administration of the drug. A dose of antimicrobial is initially 

administered at time 0. The concentration increases, then decreases and at a certain time, a 

subsequent dose may be given.  33 



AMINOGLYCOSIDE PHARMACODYNAMICS IN 

VIVO 

Initial serum peak 

level 
Died Survived 

< 5mcg/ml 21% 79% 

>= 5mcg/ml 2% 98% 

Moore et al, J Infect Dis 149: 443, 1984 
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