Drugs and the Kidney
Drug Absorption
Dialysis Dementia is a fatal toxic encephalopathy caused by accumulation of aluminum.  ESRD 
patients can’t excrete aluminum present in dialysis water, and also absorb it more readily 
due to secondary parathyroidism of ESRD.  Aluminum accumulation causes speech 
stuttering, altered cognitive function, and coma/death.
Drug Distribution
ESRD causes decreased protein-binding of drugs, especially phenytoin.  The amount of free 
(unbound) phenytoin doubles, but because its volume of distribution is now greater, 
phenytoin serum levels appear lower than usual.  Clinicians often increase the dosage, 
but should just leave it alone.  Dialysis will correct protein-binding abnormalities.  
Phenytoin toxicities include nystagmus, ataxia, altered mental state.
**ESRD causes changes in acid-base balance.  In the setting of acidosis, acids such as salicylic 
acid (from aspirin) remain more in their unionized (diffusible) form.  So a given 
concentration of salicylic acid will show more toxicity in the setting of acidosis.

Don’t let people on ASA get acidotic!  Avoid CA inhibitors, which alkalize urine but 
acidify the blood.  If there is salicylate poisoning, increase blood pH with NaHCO3.
Drug Filtration
Use the Cockcroft-Gault formula to estimate creatinine clearance.  This formula assumes stable 
renal function and normal creatinine production (no severe liver disease or skeletal 
muscle disease).  For females, multiply the formula by 85%.

Creatinine Clearance = 
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Drugs excreted in direct proportion to GFR:  digoxin, aminoglycosides, fluoroquinolones.  These 
must be adjusted if GFR declines so that they don’t accumulate.
Drug Secretion
Drugs eliminated by tubular secretion include penicillins, cephalosporins, furosemide, and NSAIDS. 
NSAIDS and proteinuria both blunt the effect of furosemide by blocking its secretion into the lumen.
Similarly, quinidine, cyclosporine, and spironolactone block digoxin secretion, causing serum 
digoxin levels to rise to toxic levels.
Drug Reabsorption
Key determinants of reabsorption are urinary pH and urine flow rate.

--Acids ionize Above their pKa

--Bases ionize Below their pKa
Polar/ionized particles are less diffusible across the renal tubule and are excreted.  This is why 
salicylate poisoning is treated by alkalizing the blood, which tends to ionize the acid.

Drug Metabolism
Kidneys metabolize insulin.  ESRD will boost insulin even in non-diabetics.  ESRD is the second 
most common cause of hypoglycemia (direct insulin therapy is the first).
Pethidine (Demerol) is metabolized to norpethidine, which is excreted by the kidneys.  Kidney 
disease will cause neurotoxic accumulation of norpethidine (siezures, psychosis).  This is 
often seen in patients with sickle cell disease, who require Demerol for crises but often 
have kidney disease.  

Dialysis
If more than 30% of a toxic drug burden (ethylene glycol, methanol)  can be removed, then 
dialysis is called for.
If more than 30% of a metabolite can be excreted by the kidneys, then renal failure is not too 
serious and drug elimination will occur.
Drugs eliminated as a direct function of GFR include penicillins, fluoroquinolones, vancomycin,  
aminoglycosides, and digoxin.
Drugs that alter renal hemodynamics include diuretics, NSAIDS, ACE inhibitors, cyclosporine, 
radiocontrast dyes.
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