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Estimation of the glomerular filtration rate (GFR) by the MDRD (1) equation is now 

widely used in clinical practice. Guidelines (2) recommend that clinical laboratories 

compute and report estimated GFR by using such an estimating equation to facilitate 

detection of chronic kidney disease. However, several authors have shown that this 

formula should not be applied to patients with a normal renal function because it lacks 

accuracy and precision for GFRs over 60 ml/min/1.73 m² (3). All “normal” GFRs must 

be reported as “> 60 ml/min/1.73 m³” without any precision of the value (4). There are 

many explanations for this inaccuracy: the variation of the serum creatinine assay 

calibration (5), the fact that the patients enrolled in the MDRD study had a renal failure 

and that the relationship between creatinine and GFR are not the same in normal and 

renal failure populations (6) and finally the precision of the Jaffé methods (7). We have 

recently illustrated the impact of the critical difference concept for MDRD results with 

normal creatinine values (8). 

There is another consideration that, to our knowledge, has not been evaluated. 

Measurement uncertainty characterises the dispersion of the values that could 

reasonably be attributed to the measurand.  The evaluation of the measurement 

uncertainty is described in the ISO document Guide to the Expression of Uncertainty in 

Measurement (GUM). However, the application of this guide is, in practice, very 

difficult (9). There are two possible evaluations of the uncertainty: type A evaluation, 

that can be calculated by statistical means from repeated measurements and type B, 

which uses prior information like reported uncertainties of a reference material, 

calibration certificates, resolution, instability. 

In clinical biology, where we work with complex matrix like serum, we should combine 

both uncertainties to have a better estimation of the uncertainty with the formula u(G) = 

(u²A(G) + u²B(G))1/2, where u is the uncertainty, and G the measurand. In our routine 
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practice, we evaluate uA as the standard deviation of the quality controls realised on a 

long period of time, covering at least 3 reagent lots and all relevant instrument 

maintenance conditions, multiplied by a factor k (k=2 for a 95% confidence interval and 

k=3 for a 99% confidence interval). Type B uncertainty statement estimated and 

expressed according to GUM should be given by the manufacturer.  

We use the compensated kinetic Jaffé method for the creatinine measurement (Modular, 

Roche Diagnostics, Mannheim, Germany) in our laboratory. From November 2005 to 

July 2006, we have performed 1800 quality controls for the creatinine test, with a mean 

of 0.725  mg/dl and a standard deviation of 0.035 mg/dl. We can then evaluate u²A with 

a 95% confidence interval: (2 X 0.035)² = 0.0049 mg/dl.  

The uncertainty on the C.f.a.s calibrator at 4.39 mg/dl used to calibrate our creatinine 

kits is 0.0760 mg/dl (Roche Diagnostics Traceability and Uncertainty document for 

C.f.a.s Proteins, April 2006; reference method:GC-MS). We can then evaluate u²B at 

0.00578. 

The uncertainty of creatinine for our 0.725 mg/dl control is then = (0.0049 + 0.00578)1/2 

= 0.103 mg/dl. In other words, this means that the “true” value of our measurand is 

comprised between 0.622 and 0.828 mg/dl. As the relationship between GFR and 

creatinine is exponential, small variations of creatinine induce large variations in GFR. 

When the two latter values are introduced into the simplified MDRD formula for a 60 

years old man, the results are 140 and 101 ml/min/1.73 m², respectively. The absolute 

differences between these estimated GFRs and GFR estimated with 0.725 mg/dl which 

is 117 ml/min/1.73 m² are 23 and 17 ml/min/1.73m². 

Our approach is not free from criticism. In fact, a quality control is not a sample patient 

and our uncertainty is not the “true” uncertainty as determined by the GUM guidelines, 

but rather a close evaluation of the uncertainty. 
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We would have certainly observed a smaller uncertainty on the high level control. 

Indeed, the value of this control is closer than the value of the calibrator. Now, because 

of the exponential relation between GFR and creatinine, it is of importance that 

uncertainty in the low creatinine values is the smallest possible. We are then persuaded 

that creatinine reagents should be calibrated with at least three points, with one point 

near 1 mg/dl instead of the traditional two points calibration.  

Once again, our data show that one should be cautious when applying the MDRD 

formula to a patient with a normal renal function or for normal creatinine values. 

 
 
 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 
 
 

Reference List 
 

 1.  Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate 
method to estimate glomerular filtration rate from serum creatinine: a new 
prediction equation. Modification of Diet in Renal Disease Study Group. Ann 
Intern Med 1999;130:461-70. 

 2.   K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, 
classification, and stratification. Am J Kidney Dis 2002;39:S1-266. 

 3.  Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. Predictive performance 
of the modification of diet in renal disease and Cockcroft-Gault equations for 
estimating renal function. J Am Soc Nephrol 2005;16:763-73. 

 4.  Murthy K, Stevens LA, Stark PC, Levey AS. Variation in the serum creatinine 
assay calibration: a practical application to glomerular filtration rate estimation. 
Kidney Int 2005;68:1884-7. 

 5.  Coresh J, Astor BC, McQuillan G, Kusek J, Greene T, Van LF, Levey AS. 
Calibration and random variation of the serum creatinine assay as critical elements 
of using equations to estimate glomerular filtration rate. Am J Kidney Dis 
2002;39:920-9. 

 6.  Bostom AG, Kronenberg F, Ritz E. Predictive performance of renal function 
equations for patients with chronic kidney disease and normal serum creatinine 
levels. J Am Soc Nephrol 2002;13:2140-4. 

 7.  Myers GL, Miller WG, Coresh J, Fleming J, Greenberg N, Greene T et al. 
Recommendations for improving serum creatinine measurement: a report from the 
Laboratory Working Group of the National Kidney Disease Education Program. 
Clin Chem 2006;52:5-18. 

 8.  Delanaye P, Cavalier E, Krzesinski JM, Chapelle J-P. Why the MDRD equation 
should not be used in patients with normal renal function (and normal creatinine 
values)? Clinical Nephrology 2006;66/2:147-8. 

 9.  Linko S, Ornemark U, Kessel R, Taylor PD. Evaluation of uncertainty of 
measurement in routine clinical chemistry--applications to determination of the 
substance concentration of calcium and glucose in serum. Clin Chem Lab Med 
2002;40:391-8. 

 
 


