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Intravenous antimicrobial dosing in renal impairment 

Many commonly used drugs and their metabolites are excreted by the kidneys, which has 

significance for those with renal impairment.  Renal impairment alters drug pharmacokinetics, 

potentially changing both the drug efficacy and also increasing the likelihood of side effects.   

Drugs and metabolites that are renally excreted may have a prolonged half-life in renal impairment 

and accumulation can be a clinical concern.  Dose reductions may need to be considered to minimise 

toxicity, depending on factors such as the degree of renal impairment, proportion of drug which is 

excreted by the kidneys unchanged and whether any metabolites have therapeutic activity or 

toxicity.  

Single doses are not thought to be dangerous as accumulation is unlikely1.   

Renally cleared drugs with a narrow therapeutic index or drugs that have renally cleared active 

metabolites require close monitoring of plasma levels and clinical response, followed by dose or 

interval adjustments as appropriate.   

It takes approximately 5 half-lives of a drug to reach steady state concentrations and the plasma 

half-life of drugs excreted by the kidney is prolonged in renal impairment. Consequently, initial doses 

of antibiotics should not always be reduced because it may take a long time to reach therapeutic 

plasma levels2.    

Measuring renal function 

Measurement of renal function is essential so that drug dose adjustments can be carried out 

accordingly. Historically, drug dose adjustments have been recommended on the basis of the 

Cockcroft-Gault formula to calculate estimated creatinine clearance however this is not valid if renal 

function is unstable as in Acute Kidney Injury (AKI).  Renal function is commonly reported on 

ICE/Sigma using estimated glomerular filtration rate (eGFR) which is derived from the Modification 

of Diet in Renal Disease (MDRD) formula.  The BNF gives dose adjustments for many drugs based on 

eGFR rather than creatinine clearance and although the two are not interchangeable, there is 

relatively good correlation for calculation of renal function in patients of average build and height.   

However, eGFR should not be used to calculate doses at extremes of body weight3 or for drugs with 

a narrow therapeutic index e.g. gentamicin, vancomycin.  In these cases, the differences between 

the two formulae can be significant and result in under/over-doses and therefore Cockcroft-Gault 

formula should be used. It is important to note that both the Cockcroft-Gault formula and eGFR are 

inaccurate unless kidney function is stable. 

The Trust gentamicin calculator can also be used to calculate creatinine clearance for patients, which 

automatically adjusts for extremes of body weight.   
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Sepsis 

The pharmacokinetics of hydrophilic antibacterials such as beta-lactams, aminoglycosides and 

glycopeptides are affected in patients with sepsis.  Sepsis and particularly septic shock are 

characterised by vasodilatation and increased vascular permeability, leading to capillary leak 

syndrome.  This is responsible for a fluid shift from the intravascular compartment to the interstitial 

space leading to oedema formation4.  Oedema formation and administration of IV fluids leads to an 

increase in total body water therefore increasing the volume of distribution of hydrophilic 

antimicrobials.  

Adequate loading doses are therefore essential to avoid undertreating severe infections and dose 

adjustment may not be appropriate in AKI secondary to sepsis.  In this case, it is important to treat 

the infection aggressively for the first 24-48 hours and monitor renal function & drug concentrations 

before reducing the dose accordingly.   

Gentamicin is recommended in the initial management of sepsis, even if the patient has impaired 

renal function as the volume of distribution is increased (as described above) and the risk of 

accumulation from a single dose is low.   

Repeated doses of gentamicin should be given at extended intervals in patients with renal 

impairment to minimise the risk of accumulation and toxicity associated with maintenance dosing.  It 

is imperative that therapeutic drug monitoring of gentamicin is performed and interpretation of 

levels should be made in accordance with the nomogram which can be found with the gentamicin 

calculator.   

Due to the acute rise in creatinine in patients with acute kidney injury (AKI), the use of GFR 

(Cockcroft and Gault or eGFR) as a measure of renal function is not accurate. An expected lag in 

rising creatinine in AKI over-estimates the function as calculated by the GFR. Dose reduction in AKI, 

particularly in sepsis induced AKI, may result in sub-therapeutic dosing and dose reductions are not 

always required.  

In ‘acute on chronic’ renal impairment associated with sepsis, the initial dosing regimen should be 

according to the baseline level of renal function.   
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