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Learning Objectives 
Pharmacists 

• Review the differences and limitations of equations 
used to estimate GFR and creatinine clearance and 
when each should be used 

• Describe augmented renal function and implications in 
drug dosing 

• Calculate creatinine clearance or MDRD4  for drug 
dosing considerations as it applies to medication and 
patient specific data 

 



Learning Objectives 
Technicians 

• Review the patient data needed to calculate the 
Cockcroft-Gault equation 

• Describe the limitations of the Cockcroft-Gault equation 

• Examine the meaning of an eGFR result 

 



Functions of the Kidney 
Brief Review 

Glomerular Filtration – Passive diffusion of water and 
low molecular weight ions and molecules across the 
glomerular-capillary membrane, into Bowman’s capsule 
and the proximal tubule1 
 

• Molecules >60 kDa not filtered 
• 99% of filtrate is reabsorbed 
• Filters ~180L/day 
• Protein bound substances not filtered 
• Measured by the Glomerular Filtration Rate (GFR) 

 



Functions of the Kidney 
Brief Review 

Tubular Secretion – occurs primarily in the proximal tubule 
via active transport 
 

 Can yield renal clearances that far exceed the GFR!! 

 



• Accepted as the best overall index of kidney function 
in health and disease 

• Directly proportional to Renal Blood Flow (RBF) 

 

 

 

 

 

• Quantifies renal function 
- Decrease in GFR proceeds the onset of kidney failure 

- Marker for disease staging and therapy (see table 1) 

 

 

Glomerular Filtration Rate 





Varies according to age, sex, and body size 

• Young average sized adult: 120-130mL/min 

• Declines with age  

 

 

 

 

 

 

 

 

Glomerular Filtration Rate 

12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004_FAQ-ABE.pdf. 

Accessed February 5, 2019.  



Determining GFR – Cannot be measured directly 
  

 Calculated by measuring the urinary clearance of an ideal 
 filtration marker (Inulin, iothalamate, iohexol) 

• Freely filtered 

• Not reabsorbed or secreted 

• Physiologically inert 

• Not metabolized/synthesized by tubules 
 
*These substances are expensive and tests are cumbersome so we don’t 
routinely use them 

 



Creatinine – endogenous filtration  

 marker who’s renal clearance is 

  traditionally used to estimate GFR 
  

 

 

• Product of creatine metabolism from muscle 

• Amount produced is directly proportional to muscle mass or lean 
body weight 

- Under normal conditions, creatinine is released into serum at a constant 
rate varying little from day to day 

 



• Not an ideal substance to estimate glomerular filtration, 
but close 

- Passively filtered 
- Not reabsorbed 
- ~10-20% is actively secreted 
**Percent secreted increases as GFR decreases** 
 

• Indirectly proportional to renal function:     ↓ GFR = ↑ SCr 

 
• Normal SCr: 
 

Male: 0.6-1.2mg/dL 
Female: 0.5 -1.1mg/dL 



12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004_FAQ-ABE.pdf. 

Accessed February 5, 2019.  



Muscle mass – expect higher values in body builders and lesser 
or unusual values in amputees, cachetic/elderly, or spinal cord 
injury patients 
 
Ingestion of cooked meats – [SCr] can rise as much as 50% 
within 2 hours of intake and remain elevated for 8-24 hours3 

 

Exercise – increase as much as 10% 
 
Diurnal variations – peak concentrations occur 7pm with nadir 
in the morning (clinical unimportant) 
 
Medications – inhibit creatinine tubular secretion causing falsely 
elevated [SCr] 

cimetidine, trimethoprim, probenecid,  
fibric acid derivatives (other than gemfibrozil) 
 

Kidney Disease – as GFR declines tubular secretion increases and 
does so disproportionately. Leads to an overestimation of 
creatinine clearance. 

 

Factors affecting SrCr concentrations 



Creatinine Clearance to Estimate GFR 

• Can be measured directly or estimated through 
calculations 

 
• Progressively overestimates GRF (due to tubular secretion) 



Creatinine Clearance to Estimate GFR 

Direct Measurement 
• 24-hour Creatinine Clearance 

- collect urine for 24 hours starting with an 
empty bladder. 
 
 
 
 
 
 

 
Difficult for patients 

Expensive 

 



Creatinine Clearance to Estimate GFR 

Consider a 24-hour creatinine clearance when7: 
 

Extremes of age & body size 
Severe Malnutrition 
Disease of skeletal muscle 
Paraplegia or quadriplegia 
Vegitarian diet 
Rapidly changing kidney function 
Pregnancy 

 



Estimate Creatinine Clearance to Estimate GFR 

Estimate Creatinine Clearance (estCrCl) 
 

• Formulas based on age,  gender, weight, & 
SrCr 

- Cockcroft & Gault Formula 
- Jeliffe equation 
- Schwartz  
- Shull 

 



WITHOUT LOOKING AT THE 
NEXT SLIDE…WRITE THE 
COCKCROFT & GAULT FORMULA 

What do you remember? 



Estimate Creatinine Clearance to Estimate GFR 

Cockcroft & Gault formula  - Most commonly used by 

pharmacists for medication dosing and monitoring   
 
 
 
 
 
 



Considerations: 

o if actual body weight is <IBW, use actual body weight 

o if actual weight is >120% of IBW, use adjusted body weight (ABW) 
 
 
 
 

 
Limitations: 

o Developed for Adults only 

o SCr must be at steady state 

o SCr<0.8mg/dL should be rounded up to 0.8mg/dL 

o (some clinicians say 1mg/dL) 

o Use your head: Does the SrCr make sense with what you know and 
can see 

o Overestimates GFR at all points, particularly as GFR declines 

 

Cockcroft & Gault Formula 

ABW = IBW + 0.4(TBW-IBW) 



Estimating GFR Directly (eGFR) 

• MDRD4 
• CKD-EPI 

 



Modification of Diet in Renal Disease (MDRD4 ) Formula 

• Developed from multicenter, controlled trial of 1628 patients and 
compared the effects of strict blood pressure control and dietary 
protein restriction with a more typical protein diet to determine the 
progression of chronic kidney disease. Results showed diet did not 
affect the progression of CKD. This study group later became the 
MDRD GFR study group. 
 

• A mathematical formulas was developed (based on various 
demographics and clinical chemistry) to improve predictive 
accuracy of GFR 

• Predicts GFR using four variables – serum Cr, age, gender, race 

• Directly estimates GFR (NOT CrCl) 

 

MDRD4 Formula 



MDRD4 Formula 
Considerations: 
o SCr should be rounded up to 0.8mg/dL 

o Only for adults 18 – 70 yo 

o Originally studied in CKD & is less accurate for persons with      
normal renal function or mild impairment 

 NKDEP – recommends reporting estimated GFR values above 
60mL/min/1.73m2 as “above 60mL/min/1.73m2”rather than 
the actual value 

o Has not been validated: >70 yo, pregnancy, serious co-morbid 

o conditions, or persons with extremes of body size, muscle mass, or 
nutritional status 

o When dosing medications eGFR should be unadjusted for BSA7 

– In general, drug dosing is based on unadjusted GFR 

 



MDRD4 Formula 
Considerations: 
o SCr should be rounded up to 0.8mg/dL 

o Only for adults 18 – 70 yo 

o Originally studied in CKD & is less accurate for persons with      
normal renal function or mild impairment 

 NKDEP – recommends reporting estimated GFR values above 
60mL/min/1.73m2 as “above 60mL/min/1.73m2”rather than 
the actual value 

 



MDRD4 Formula 

o Has not been validated: >70 yo, pregnancy, serious co-morbid 

o conditions, or persons with extremes of body size, muscle mass, or 
nutritional status 

o When dosing medications eGFR should be unadjusted for BSA7 

– In general, drug dosing is based on unadjusted GFR 

 



More accurate than measured 24-hr CrCl or estCrCl (Cockcroft-Gault) 

 

 

 

 

 

 

 

 

 

 

 

MDRD4 Formula 

Am J Health-Syst Pharm.  2007;64(6):652-660 



**Endorsed by the American Kidney Foundation for routine 
estimation of GFR 

 

This is the equation used to report eGFR on Lab results 

MDRD4 Formula 



MDRD4 vs Cockcroft-Gault 

• Generally MDRD equation often 
overestimates estCrCL 

• MDRD4 better to screen and monitor 
chronic kidney disease (more accurately 
predicts GFR) 

•  Cockcroft-Gault  should be used for 
routine drug dosing in renal  insufficiency 
until other equations are specifically 
validated   

  

 



Metformin 



Zolendronic Acid 

(Reclast) 



Medication Dosing 
Implications and Nuances 

• NKDEP suggest that either MDRD4 or Cockcroft Gault 
can be used to assign drug doses12 

• If you use MDRD4, unadjust for BSA 
• Using the incorrect formula could result in patient 

harm11,13 



62 yo female 
Wt: 120 lbs (54.5kg) 
Ht: 5’3 
SrCr: 0.85 mg/dL 

CG Formula 
MDRD4 Formula 

Reported as >60mL/min/1.73m2 

Generally MDRD equation often overestimates estCrCL 



Nitrofurantoin 



Canagliflozin 



Rivaroxaban 

74 yo male 
Wt: 265 lbs (120kg) 
Ht: 5’10 
SrCr: 1.8 mg/dL 
CH2ADS2 Score = 3 

IBW = 73kg 

AdjBW = 91.8kg 
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Rivaroxaban Dose = 15mg/day 

74 yo male 
Wt: 265 lbs (120kg) 
Ht: 5’10 
SrCr: 1.8 mg/dL 
CH2ADS2 Score = 3 

IBW = 73kg 

AdjBW = 91.8kg 



Rivaroxaban Dose = 15mg/day 20mg/day 

74 yo male 
Wt: 265 lbs (120kg) 
Ht: 5’10 
SrCr: 1.8 mg/dL 
CH2ADS2 Score = 3 

IBW = 73kg 

AdjBW = 91.8kg 





 
“When presented with different kidney function estimates that 
potentially translate into different drug dosing regimens, 
clinicians must choose the regimen that optimizes the risk-benefit 
ration given the patient-specific clinical scenario. readily 
available.”  
 

American College of Clinical Pharmacy 

  

Nyman HA, Dowling TC, Hudson JQ, St. Peter WL, et al. Use of the Cockcroft-Gault versus the MDRD Study Equation 
to Dose Medications: An Opinion of the Nephrology Practice and Research Network of the American College of Clinical 
Pharmacy. Pharmacotherapy. 2011;31(11):1130-44.  



Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) Formula 

• Developed in an effort to create a formula more accurate than the 
MDRD formula, especially when actual GFR is greater than 60 mL/min 
per 1.73 m2 

• Estimates GFR from: SrCr, Age, Race, Sex 

 

CKD-EPI Formula 

12-10-4004_FAQ-ABE.pdf. https://www.kidney.org/sites/default/files/12-10-4004_FAQ-ABE.pdf. 

Accessed February 5, 2019.  



• As accurate as MDRD4 
equation for                         
eGFR <60mL/min/1.73 m2 

 

 

• More accurate than MDRD4 
equation for 
eGFR>60mL/min/1.73m2 
 

CKD-EPI Formula 

Ann Int Med. 2009:150 
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