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Pitfall in GFR estimation





The Glomerular Filtration Rate is usually the best 
parameter to assess the global kidney function.

Homer William Smith (January 2, 1895 – March 25, 1962)





GFR is estimated with biomarkers

Serum creatinine is one the most prescribed analysis 

The most important is probably to know the limitations…



NephroTest Cohort 

(France)

Which GFR for patients 

with serum creatinine 

measured at 80 µmol/L 

(0.9 mg/dL)?

CI 95% for subjects<65 years old

CI 95% for subjects>65 years old
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S. Creatinine lab 

normality range 
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Analytical

Jaffe methods

Enzymatic methods

Jaffe and enzymatic methods gives slightly different results

Pseudochromogen: glucose, fructose, ascorbate, proteins, urate, acetoacetate, acetone, pyruvate => false positive 

Bilirubins: false negative

Physiological: Tubular secretion

10 to 40%

Increase with decreased GFR

Unpredictable at the individual level !

Physiological: Muscular mass

Production (relatively) constant but muscular production => serum creatinine is dependent of muscualr mass, not only GFR (age? sex/gender? race/population?)

Extra-renal production



Creatinine clearance

Not recommended (first line)

Creatinine tubular secretion

Lack of precision: 

   errors in urine collection

    22 to 27% for « trained » patients

50 to 70 % for others

   large intra-individual variability for      
  creatinine excretion

KDIGO, Kidney Int, 2024

Perrone RD, Clin Chem, 1992, 38, 1933



Which one?

Cockcroft

CKD-EPI

EKFC

 



Statistics

True GFR

unbiased/

precise

-30% +30%

True GFR

-30% +30%

True GFR

-30% +30%

biased/

precise

unbiased/

unprecise

• Good correlation: a “sine qua non” condition but insufficient

• Bias: mean difference between two values = the systematic error

• Precision: SD around the bias = the random error

• Accuracy 30% = % of eGFR between ± 30% of measured GFR

Bland JM, Altman DG, Lancet, 1986, 8476, 307

Delanaye P, Nephrol Dial Transplant, 2013, 28, 1396  



Which one?

Cockcroft

CKD-EPI

EKFC
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Debate on the race factor in USA

Semantic remark

Serum creatinine is different between Black and non-Black people in USA 

(and we don’t know why!)

(normal) mGFR is not different

The race coefficient in the CKD-EPI2009 was considered as a source of discrimination

Eneanya N, Nat Rev Nephrol, 2022, 18, p84

Hsu CY, N Engl J med, 2021, p1750







Flamant M et al

NO !

Yayo ES, Nephrol Ther,  2016 , 12 , p454

Flamant M, Am J Kidney Dis, 2013, 62, p179

Bukabau JB, Plos One, 2018, 13, e0193384

Bukabau JB, Kidney Int, 2019, 95, p1181











Björk J, Scand J Clin Lab Invest, 2020, 80, p456

N=83,257 from three labs 

(Sweden, Belgium) 

62 µmol/L= 0,70 mg/dL

80 µmol/L= 0,90 mg/dL
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EKFC: added value(s)

Better performance (not more expensive)

More « physiological»: correction at the serum creatinine level (sex, race) and age better 
conceptualized

Valid from 2y to old ages

No implausible jump at transition adolescence/young adults

Children: no need for height

Flexible! Q adapted to populations or race-free





Validation of EKFC in US populations



Q-values could be population specific

28
Shi  J, Clin Chim Acta, 2021, 520, p16





Cystatin C
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Adults
Measured GFR, IDMS traceable creatinine, calibrated cystatin C

N=12,832

11 cohorts

White Europeans: n=7,727

White Europeans from Paris: n=2,646

White US: n=1,093

Black Europeans from Paris: n=858

Black Africans: n=508



Q’ = 0.83 mg/L until 50 years

Q’ = 0.83 + 0.005 x (Age – 50)

Laboratory data from

Sweden

N=227,643

95,469

132,174









Cystatin C allows an eGFR without race nor sex  

EKFC is mathematically the same as EKFC creatinine, only Q is changing

EKFC equations are better than corresponding CKD-EPI equations 
 => good alternative to CKD-Epi in Europe and Africa

Equations based on cystatin C are not better than equations based on 
creatinine

Combined equations are better (P30 +5-10%)

Standardisation

More costly

How to manage discrepant results?

https://ekfccalculator.pages.dev/

https://ekfccalculator.pages.dev/


Limitations of equations = creatinine

If creatinine is presumed to be « bad » in a given patient 

(because of abnormal muscular mass), there is no reason 

to think that estimating equations would do better!

Specific populations: 

Equations are not magic!

Keep our clinical feeling!!

Anorexia Nervosa (Delanaye P, Clin Nephrol, 2009, 71, 482)

Cirrhosis (Skluzacek PA, Am J Kidney Dis, 2003, 42, 1169)

ICU (Delanaye P, BMC Nephrology, 2014, 15, 9)

Hospitalized (Poggio ED, Am J Kidney Dis, 2005, 46, 242)

Heart Transplanted (Delanaye P, Clin Transplant, 2006, 20, 596)

Kidney Transplanted (Masson I, Transplantation, 2013, 95, 1211)

Obesity (Bouquegneau A, NDT, 2013, 28, iv122)



Do not over-interpet an eGFR result…

All equations remain estimation…

Good at the population level

Lack of precision at the individual level





Delanaye P, Nature Rev Nephrol, 2013, 9, p513

Ebert N, Clin Kidney J, 2021, 14, p1861 

Agarwal R, Nephrol Dial Transplant, 2019, 34, p2001

Shafi T, Ann Intern Med, 2022, 175, p1073 

GO BACK to MEASURED GFR
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Iohexol plasma clearance

Not so cumbersome

Not so costly





Thank for your 
attention

I will

Be

Brief…

« The Cat » a Belgian Comic star…
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