
Renal Clearance and Disease 

 Drug and solute come out of the plasma, through the kidney and into the urine 
 Or drug molecules  can come back from the kidney into the central circulation 

 

 

  

 

 

 

 

 

 

 

 

 

1) Glomerulus: blood comes here, macromolecules and solutes (drug molecules) get across 
the blood supply into the bowman  capsule  proximal convoluted tubule, therefore it 
acts similar to a filter  

2) Proximal and distal convoluted tubule: dissolved drug molecules coming out of the 
glomerulus, travelling through the tubules, secretion can occur from the blood supply 
(blood vessels are very closely aligned to the nephron), you can get transfer of solutes out 
of the blood vessel into the tubule, you can also get reabsorption out of the tubule  back 
into the blood system via transporters  

3) Loop of Henle: osmotic gradient  occurs here, passive reabsorption from loop of Henle 
back into the blood vessels (high concentrations in the tubules, low concentration in 
blood vessels – natural concentration gradient for drug to be reabsorbed)  

4) Collecting duct  bladder: remaining contents will go to the bladder to be eliminated in 
the urine  

fe: fraction elimination unchanged 

Renal Clearance  
 Renal blood flow related to the Glomerular Filtration Rate (GFR)  
 Normal GFR ~ 110-120mL/min, however this decreases every decade from age 30  
 Mild renal impairment: 60-90mL/min 
 Moderate renal impairment: 30-60mL/min 
 Severe renal impairment: <30mL/min  

 
 
 
 
 



Filtration 
 Molecules with MW <2000 are filtered 
 Drugs bound to plasma proteins  are not filtered when going through the glomerulus because 

they are attached to the protein, only the free drug molecules can get across  
 
Tubular Secretion 
 There are some drugs in which the renal clearance is quite high because filtration plus active 

secretion is occurring, small amount of reabsorption occurs  
 Transporters (cationic and anionic): penicillins, NSAIDs, Digoxin, Cephalosporin’s, Ranitidine  

 
Reabsorption  
 Passive reabsorption in the Loop of Henle (drug must be unionized)  
 Alkalinisation INCREASES excretion of weak acids  
 Acidification INCREASES excretion of weak bases  

 
 

 
 
 
 
 
 
 
 
 
 

 
 

Methamphetamine is a weak base 
 If the urine was alkalinised (using Ural sachets, bicarbonate) push the urine pH to 7.8 or 

higher, amount excreted was negligible over time. As a higher proportion of the drug is 
unionised, drug is able to cross cell membranes (from nephron  blood stream) so drug 
molecule is filtered, passively reabsorbed back into the blood stream  

 No pH control, cumulative secretion over a period of time 
 Acidification of the urine (using vitamin C) drops the pH down to less than 5, increases the 

amount of drug excreted over time because in the acidic urine, the drug is ionised therefore is 
unable to cross cell membranes, causing the drug to stay in the nephron and is excreted.  

 
CLTOTAL = CLRENAL + CLNON-RENAL 

 

 

 

 

 

 

 



Creatinine Clearance (CLCr) 
 Provides an estimate of GFR   

Creatinine: produced endogenously (from muscle metabolism), affected by age, muscle mass, level of 
physical activity and acute muscle damage 
Serum Creatinine (SCr): measured in mg/100mL 
 
Siersbaek-Nielsen Nomogram  
 Connect person’s weight to their age (runs through the R line- place a dot where it crosses 

this line)  
 Connect serum creatinine to the yellow dot, to the clearance   

 
Cockcroft & Gault Equation  
 Reliable estimate of CLCr and GFR 
 Serum creatinine must be at steady-state  

 
 
 

 

 

 

 In obese patients, always use ideal body weight (IBW) 
 If BMI is higher than 30, then must use IBW, between 25-30 use IBW 

MDRD Equation (eGFR)  
 Modified Diet in Renal Disease  
 Uses age, gender and SCr of patient  
 SCr must be reported in µmol/L  
 
 
 
 
 
 
 
 
 
 
 
 
CG vs MDRD  
 Age higher than 50, Cockcroft Gault will give a higher clearance than MDRD 
 60 years of age, MDRD will give higher estimation of GFR than Cockcroft Gault  

 
Different Technique Measurements  
 24 hour creatinine collection (all of the urine is collected in 24 hours from a patient), measure 

amount of creatinine in the urine – however it is hard to get all the urine collected properly  
 MDRD and Cockcroft and Gault  

 
 



Cystatin C 
 Low MW protein  filtered in the glomerulus 
 Reabsorbed, no tubular secretion  
 Independent of muscle mass, age, gender  
 Limitations: a lot of choices, disorders such as thyroid can make it a little difficult 

 
Interpreting laboratory results (APF23) 
 Dietary intake (vegetarian, high protein) 
 Extremes in body size 
 Amputees  
 Severe liver disease 
 Age  

 
 
Renal Impairment  
 Based on adjustment of drug dosage for patients with renal impairment  
 Dose adjustments only required if CLCR falls below 30-60mL/min  
 Dosage reduction considerations include; 

- If fe>0.25-0.5 
- Renally eliminated drugs with narrow therapeutic index (Digoxin)  
- Active/toxic metabolite  
- Nephrotoxic drug/metabolite  

 
Dose Adjustment in Renal Impairment  
 Renal clearance proportional to change in filtration clearance  
 Non-renal clearance is unchanged in renal impairment, has a significant effect on total 

clearance  
 

Giusti-Hayton Method 
 Assumes no change in non-renal clearance, V, fe or fu 
 Change in renal clearance is estimated from ratio of creatinine clearance in impaired kidney 

function verses normal creatinine clearance (~100mL/min)  
 
 

 

 

  

DI= dose in a patient with impaired renal function 

 

Hints as to when to do renal calculations: 
 Height, weight, SCr and/or fe is given 

If height is given, calculate the IBW, if height isn’t given go with actual body weight 


