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Introduction

• Appropriate drug dosing in AKI patients is a challenge to the intensivists due to 
various factors such as:

a) Patient related (appropriate body weight, organ clearance, serum protein 
concentration), 

b) Drug related [MW, PB, Vd, hydrophilicity, or hydrophobicity], and 

c) RRT related (type, modality of solute removal, filter characteristics, dose and 
duration)



Core principles

• The pharmacokinetics and pharmacodynamics of many drugs are altered in patients with 
impaired kidney function.

• Dosages of drugs that are cleared by the kidneys should be adjusted according to the 
patient’s kidney function.

• Many drugs have a narrow therapeutic window, for which there may be lack of efficacy 
with subtherapeutic levels and adverse events associated with elevated levels. 

• TDM should be performed to achieve the desired target concentration. 



Core principles

• Kidney replacement therapy can have a significant influence on the extracorporeal 
removal of drug. 

• Biotransformation of drugs may be altered in patients with kidney failure. Active or toxic 
metabolites may accumulate in patients with kidney failure, leading to adverse effects. 

• Excipients such as diluents can also accumulate in the setting of kidney failure, resulting 
in toxicity.



Alterations in Pharmacokinetic Parameters

 Absorption, Distribution, Metabolism, and Elimination

 Change in BA in uremia by:

• Nausea, vomiting, diarrhea, gastritis, or edema of the GI tract

•  Gastric and intestinal motility, as well as gastric emptying time

•  Gastric ammonia,  gastric pH

•  Intestinal P-glycoprotein activity

• Vasoactive agents  blood flow to the GI tract and SC tissues and  gastric motility

• Antibiotics may adhere to the feeding tubes or interact with coadministered nutritional 
products and other drugs



Distribution 

• Kidney failure alterations in plasma protein binding unbound drug

• Low serum albumin levels in AKI due to increased vascular permeability, protein 
catabolism, malnutrition, and/or acute illness. 

• Fluid overload could dilute the serum concentrations of antibiotics resulting in decreased 
efficacy and contribute to the increased mortality rate.

• The Vd in critically ill patients can increase by more than 100% (antibiotic Vd varies ten-
fold or more )





Metabolism

• Depending on the etiology of AKI, nonrenal clearance appears to be preserved early in 
the course of illness. 

• Patients with AKI brought on by septic shock in the acute phase may be aggressively fluid 
resuscitated  hepatic blood flow and hepatic metabolism. 

• Vasopressors metabolism due to decreased hepatic blood flow

• Drug-metabolizing capacity of the kidneys (nearly 15% of the metabolic function of the 
liver)



Elimination

• AKI  glomerular permeability, clearance rates of highly protein-bound drugs. 

• For example, in patients with nephrotic syndrome, the glomerular basement membrane 
loses negative charge and allows albumin and other large molecules to leak across the 
barrier.

• In patients with AKI, tubular secretion may be decreased as endogenous and exogenous 
acids and bases accumulate and compete for transporters. 





Dosing Theories in Acute Renal Failure

• Pharmacodynamic (i.e., antimicrobial agents with time-dependent vs. concentration-
dependent killing effects) and pharmacokinetic parameters, potential side effects of drug 
accumulation, and clinical status of patient (i.e., hemodynamic instability, severe 
inflammatory state, etc.) must be considered to attain this goal. 

• Specific medication-related factors (MW, PB, Vd, hydrophilicity, or hydrophobicity) 
must also be understood.



Loading dose

• The administration of a loading dose before maintenance dosing allows for more rapid 
achievement of therapeutic plasma concentrations.

• Because the Vd of many drugs, especially hydrophilic antibiotics, including β-lactams, 
cephalosporins, and carbapenems, is significantly increased in the presence of AKI, the 
administration of proactive LDs (25-50% > normal) is highly recommended.



Maintenance Dose

•  dose,  dosing interval, or a combination of both.

• Medications that require higher concentrations to achieve their therapeutic effect should 
have their interval extended, while those that are likely to accumulate and cause adverse 
effects may have their dose reduced as well.

• It is critically important to follow the patient closely and recognize trends for decreasing 
or improving kidney function in an effort to achieve and maintain medication therapy 
management goals

MD=(Css) (Cl)



Relationship between kidney function changes in AKI and 
dosing of renally eliminated drugs







Augmented Renal Clearance Affecting Drug Dosing

• ARC is defined as estimated GFR >130 mL/minute/1.73 m2 that can happen in the initial 
phase of sepsis, burns, or trauma, where the presence of hyperdynamic circulation 
renal blood flow and glomerular hyperfiltration. 

• ARC (20–65% of critically ill patients) underdosing of the drug (especially hydrophilic 
medications) due to enhanced renal elimination.



Cont.

• Antibiotic dose adjustment in patients with AKI is a complex process and it’s crucial to 
balance the need for effective treatment against the risk of drug toxicity. 

 Here are some key points from recent studies:



Because of the preservation of nonrenal clearance for some agents such as vancomycin, 
imipenem, and ceftizoxime, as well as the tendency to attain a positive fluid balance in the 

early stages of AKI, the dosing regimen for many drugs, especially antimicrobial agents, 
should be initiated at normal or nearnormal dosage regimens.



Dose adjustments of β-lactams may not be necessary in the first 48 
hours of infection-induced AKI.



early β-lactam (within 24 h) vs late β-lactam (after 24 h)

L-BLA significant reduction in in-hospital mortality compared to E-BLA dose adjustment







• In some situations with sepsis and presence of AKI, immediate reductions in dosing for 
selected agents such as antibiotics should be cautioned as it may lead to under 
treatment. 

• With the exception of vancomycin or aminoglycosides, full doses or extended infusions 
of antibiotics should be considered for the first 24 hours and reevaluated.

Dippiro



• Maintenance dosing regimens for many drugs, especially antimicrobial agents, should be 
initiated at normal or near-normal dosage regimens and adjustments made based on 
the relationship between drug PK characteristics and kidney function. 

• Prospective measurement of serum drug concentrations is recommended.

Brenner
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