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Learning outcomes

If you attend this lecture, at the end you will 
know/understand/learn:

1. How to measure glomerular filtration rate

2. How to estimate glomerular filtration rate

3. How to diagnose chronic kidney disease
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The Glomerular Filtration Rate is usually the best parameter to assess the global kidney function.

So, how to measure (or estimate GFR)? 
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Measuring GFR
How? Why?
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Renal function: concept of clearance

Clearance of a solute (ml/min): 

volume of plasma cleared (« purified ») of this substance per time

Cl = [U] x [V]/ [P]

Ideal marker for GFR:
◦ Constant production

◦ No effect on GFR, non toxic

◦ Not bound to protein, freely filtrated through glomerulus

◦ No secretion, no absorption by the tubules

◦ No extra renal clearance

◦ Easy to measure
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Available on the market…

Markers Strenghts Limitations

Inulin Gold standard (or historic)

Safe

Costly, 

Dosage neither easy nor standardized

Doubt with plasma clearance and bolus 

Iothalamate The most popular in USA

Isotopic or “cold” method

Tubular secretion

Cannot be used if allergy to iodine

Iohexol External quality control

Relatively easy to measure

Cannot be used if allergy to iodine

51Cr-EDTA Easy to measure Only isotopic

Not available in USA

99mTc-DTPA Easy to measure Only isotopic

Binding to proteins

Short half-time

Stevens LA, J Am Soc Nephrol, 2009, 20, 2305 
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We have biomarkers
Now, how to proceed?

Urinary clearance

Plasma clearance
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Urinary clearance

Constant infusion, marker at equilibrium

Plasma measurement of the marker

Collect Urine (every half or every hour) and measurement of urine 
flow, urine measurement of the marker

Repeated 3 or 4 times 

Cl = [U] x [V]/ [P] (mean of three collections)
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Plasmatic Clearance =  Dose / AUC

Not easy in practice (many samples)

Only slope ß after equilibrium is
calculated

Theoritically,  and  must be calculated

M

Brochner-Mortensen 
mathematical correction for 
estimation of distribution phase
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Are they equivalent?
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Statistics

True GFR

GFR method 1

unbiased/
precise

-30% +30%

True GFR

-30% +30%

True GFR

-30% +30%

biased/
precise

unbiased/
unprecise

GFR method 2

• 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
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Plasma versus Urinary clearances

n Bias
ml/min/1.73m²

(%)

Precision (SD)
(ml/min/1.73m²)

T2-T4 342 +10
(+27%)

±6

T2-T6 342 +8
(+21%)

±6

T2-T24 215 +3
(+8.8%)

±5

Stolz A, Transplantation, 2010, 89, 440
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Urinary and plasma methods:
pro-con

More physiological

More costly

More cumbersome

Less precision (urine recolt!)
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Plasma clearance: single- or multiple 
samples
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Available on the market…

Markers Strength Limitations

Inulin
“Gold standard” (or 

historical)

Costly
No standardized dosage,  not available

in US
Impossible for plasma clearance

Anaphylactic shock

Iothalamate
Le plus populaire aux USA

Isotopique ou “froide”
Sécrétion tubulaire

Allergie Iode

Iohexol
Populaire en Europe

Froide
Allergie Iode

EDTA Facile à mesurer
Seulement isotopique

Pas disponible aux USA…et plus en 
Europe!!

DTPA Facile à mesurer
Seulement isotopique
Liaison aux protéines

Stevens LA, J Am Soc Nephrol, 2009, 20, p2305
Cavalier E, Clin Chim Acta, 2008, 396, p80 
Delanaye P, Clin Kidney J, 2016, 9, p700
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Are they equivalent?
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EDTA versus iohexolN=49

Brandstrom, NDT, 1998, 13, 1176
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Iothalamate versus iohexol

Delanaye P, AJKD, 2016, 68, 329

N=102

Accuracy (concordance): 
Within 30%: 98%
Within 15%: 80%
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Soveri I, Am J Kidney Dis, 2014, 64, 411
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We still need for a better standardization
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Standardization for procedure

Urinary versus plasma

Number of samples and timing of samples

(Whatever the marker…)
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Delanaye P, Clin Kidney J, 2016, 9, 700
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EKFC
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Choice of the marker (personal opinion)

Only « cold », non-isotopic methods are easy to implement worldwide

Iohexol is available worldwide, easy to measure

Perfect stability (central laboratory)

EQUAS (Equalis, Sweden) is available

Cr-EDTA, inulin, iothalamate not (or no more or not easily) available in Europe…
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14 EQA rounds
N=27 to 34

HPLC: 4,1%
MS/MS: 6,4%
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15,147 GFR measurements in 2891 patients
only one treatment-related event of moderate intensity was identified
flushing, urticaria, and itching, without sequelae after IV methylprednisolone 
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Iohexol in CHU Liège

Iohexol (plasma clearance), 5 mL bolus

5 hours

Samples at 2, 3, 4 et 5 hours (longer if very low eGFR)

Brochner-Mortensen

50 to 100 euros
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Conclusions

Measuring GFR is not so cumbersome 

Standardization (marker, procedure and measurement) might still be improved

Iohexol is the best balance between physiology and feasibility

Iohexol is safe 

Iohexol is the only chance for a worldwide standardized mGFR

Role of laboratory is central
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Measuring GFR: Why?
A question of precision!

Starting dialysis

Sarcopenia 

Extreme body size

Cirrhosis, USI

Fibrates, cimetidine, trimethoprim (and other therapies)

Hyperfiltration

Dosing potential nephrotoxic drug (especially if abnormal BMI)

Living Kidney Donor selection

Agarwal R, Nephrol Dial Transplant, 2019, 34, p2001
Ebert N, Clin Kidney J, 2021, 14, p1861
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N=2,733 candidates for living kidney donation 

Measured GFR and standardized creatinine

September, 2021Pierre DELANAYE



September, 2021Pierre DELANAYE



Estimating GFR
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Serum creatinine

One of the most prescribed analyte in clinical chemistry

…but the most important is to know its limitations

Physiological limitations

Analytical limitations

“Mathematical” limitations

39

Perrone RD, Clin Chem, 1992, 38, 1933

Delanaye P, Ann Biol Clin (Paris), 2010, 68, 531
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With the kind permission of Marc Froissart

NephroTest Cohort (France)
Which GFR for patients with 
serum creatinine measured 
at 80 µmol/L (0.9 mg/dL)?

IC 95% for subjects<65 years old
IC 95% for subjects>65 years old

GFR

S. Creatinine lab 
normality range 
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Serum Creatinine

Exponential relationship between serum creatinine and GFR!!!

In a given patient, 

if serum creatinine increased from 0.6 to 1.2 mg/dl  

=> decrease in GFR of 50%

if serum creatinine increased from 2.0 to 3.0 mg/dl  

=> decrease in GFR of 25%
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Analytical limitations

Jaffe

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

Bilirubins: false negative
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Analytical limitations

Different Jaffe-Enzymatic methods, different calibration by different manufacturers

Few (fewer) interferences with enzymatic methods
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Coresh, J. et al. J Am Soc Nephrol 2002;13:2811-2816

Analytical limitations: impact
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Improvements in the last years…
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Boutten A, Clin Chim Acta, 2013, 419, p132
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Physiological limitations

Production (relatively) constant but muscular production => 
serum creatinine is dependent of muscualr mass, not only GFR 

◦ gender

◦ age

◦ ethnicity

◦ Muscular mass(creatine)

Extra-renal production (bacterial)
Perrone RD, Clin Chem, 1992, 38, 1933

Delanaye P, Ann Biol Clin (Paris), 2010, 68, 531
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Physiological limitations
Tubular secretion of creatinine

10 to 40%
Increase with decreased GFR

Unpredictable at the individual level !

September, 2021Pierre DELANAYE



Drugs interaction with creatinine

▪ Tubular secretion inhibition 
cimetidine, trimethoprim, dolutegravir

▪ fibrates
▪ « high concentrations » interactions 

acetylcystein, dobutamin, lidocain, ascorbate
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Creatinine: to the trash?

Very cheap (0.04€ /Jaffe)

Good specificty

Good analytical CV

Important to favor for enzymatic methods
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Creatinine clearance

Not recommended by any guidelines

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

52

KDIGO, Kidney Int, 2012, 3

Perrone RD, Clin Chem, 1992, 38, 1933

Delanaye P, Ann Biol Clin (Paris), 2010, 68, 531
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Creatinine-based equations

Why such equations?

Conceptualize the hyperbolic association between creatinine and GFR?

Interpreting the result of creatinine by gender, age, ethnicity?

Decrease the IC (?)
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Bjornsson
men : (27-0.173×age)×weight×0.7/Cr

women : (25-0.175×age)×weight×0.7/Cr

Davis    (140-age)/ Cr×(0.85 if woman)

Edwards 
men : 94.3/Cr-1.8  

women : 69.9/Cr+2.2

Gates 
men : 89.4×Cr-1.2+(55-age)×0.447×Cr-1.1

women : 60×Cr-1.1+(56-age)×0.3×Cr-1.1

Hull (145-age-3)/ Cr×(0.85 if woman)

Jelliffe  98-(0.8×(age-20))/Cr×(0.9 if woman)

Mawer 
men :weight×(29.3-(0.203×age))×(1-0.03×Cr)/(14.4×Cr)×(70/weight)

women :weight×(25.3-(0.175×age))×(1-
0.03×Cr)/(14.4×Cr)×(70/weight)

Nankivell 
6700/(Cr×88.4)+weight/4-urea/2-(100/height²)+35
6700/(Cr×88.4)+weight/4-urea/2-(100/height²)+25

Walser 
men :7.57/(Cr×0.0884)-1-0.103×age+0.096×weight-6.66
women :6.05/(Cr×0.0884)-1-0.08×age+0.08×weight-4.81

Mayo exp(1.911+5.249/Cr-2.114/Cr²-0.00686×age-0.205 if woman)

Salazar 
men : ((137-age)×0.285×weight+(12.1×height²))/(51×Cr)

women : ((140-age)×0.285×weight+(12.1×height²))/(60×Cr)
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Which one?

Cockcroft

MDRD

CKD-EPI

Others
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Cockcroft Vs MDRD Vs CKD-EPI
Cockcroft MDRD CKD-EPI

Population Canada 1976 USA 1999 « International » 2009

N 249 1628 5504+2750+3896

Mean GFR 73 40 68

GFR Creatinine clearance Iothalamate Diverse

Assay « Jaffe » Jaffe calibrated Jaffe calibrated

% women 4 40 43-45%

% black 0 (?) 12 10-32%

Mean age 18-92 51 47-50

Mean weight 72 79.6 79-82

BSA indexation No Yes Yes

Internal
Validation 

No Yes Yes

Cockcroft DW, Nephron, 1976, 16, p31

Levey AS, Ann Intern Med, 1999, 130, p461

Levey AS, Ann Intern Med, 2009, p604
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 CKD-EPI

 Urinary clearance of iothalamate in at least 250 subjects

 5504 subjects (2874 with GFR<60)

 Creatinine calibrated (different ways)
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MDRD: the strengths

Excellent accuracy, bias, precision in stage 3-4 CKD

Best accuracy observed: 80-85%

Better than Cockcroft especially in precision
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MDRD: the limitations

 MDRD more bias (absolute) and less precision in high GFR

 Non negligible proportion of subjects with stage 2 classified as stage 3 CKD
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MDRD: limitations = creatinine
analytical limitations

CRITICAL DIFFERENCE = f(CVa, CVi)

= 13% (enzymatique)

)

Male, Caucasian, 60 y:

Creat = 1.00 mg/dL

≈ GFRMDRD=76 ml/min/1.73m²

Creatinine= 0.87  mg/dL

GFRMDRD= 90 ml/min/1,73m²
Creatinine= 1,13       mg/dL

GFRMDRD= 66 ml/min/1,73m²

Kuster N, Clinica Chimica Acta, 2014, 428C, 89
Delanaye P, J Nephrol, 2014, 27, 467

= 19% (Jaffe)

0.81 1.19

97 62
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The new CKD-EPI equation
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 CKD-EPI

 Development dataset: n=5504

 Internal validation: n=2750

 External validation: n=3896

 Creatinine calibrated (less impact)

 Median GFR in the development = 68 mL/min/1.73 m²
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Discussion:
MDRD or CKD-EPI ?

Lower CKD prevalence in epidemiological studies

Better prediction of CVD => better at the population level

Better bias in GFR >60 (90?) ml/min/1.73m² but not better precision

=> not better at the individual level

Delanaye P, Nephrol Dial Transplant, 2013, 28, 1396 
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Limitations of eGFR = creatinine

If creatinine is especially « bad » for reflecting GFR (most of time 
because abnormal muscular mass), your eGFR result won’t be 

accurate

Specific population: eGFR is not 
magic!!

Keep our clinical feeling!!
Anorexia Nervosa (Delanaye P, Clin Nephrol, 2009, 71, 482)

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

Intensive Care (Delanaye P, BMC Nephrology, 2014, 15, 9)

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

Heart transplanted (Delanaye P, ClinTransplant, 2006, 20, 596)

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

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

Elderly (Schaeffner E, Ann Intern Med, 2012, 157, 471)

Hyperfiltration (Gaspari F, Kidney Int, 2013, 84, 164)

September, 2021Pierre DELANAYE



N=882

Clairance plasmatique d’iohexol

4-174 mL/min/1.73m²
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Performance of equations in specific populations
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MDRD – CKD-EPI: nothing else? 

The Bis Equation

The Lund-Malmö equation

The FAS equation

Other biomarkers: cystatin C

Schaeffner, Ann intern Med, 2012, 157, 471
Bjork, Scand J Urol Nephrol, 2012, 46, 212
Pottel H, submitted
Seronie-Vivien, CCLM, 2008, 
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Lund-Malmo

n=3495 (by 2847 subkects), iohexol, IDMS serum creatinine

Mean GFR = 60 mL/min/1,73 m²

2014, 52(6), 815-824
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Measured GFR and calibrated creatinine

n=11,251 development and internal validation

n=8,378 external validation

n=1,254 children (2 et 18 years)

7 + 6 cohorts

« Caucasians »
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5764 children, adolescents and young adults

Median results
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Flamant M et al

Ethnic, race factors in Africa and Europe

NO

Yayo ES, NephrolTher,  2016 , 12 , 454

Flamant M, Am J Kdiney Dis, 2013, 62, 179

Bukabau JB, Plos One, 2018, 13, e0193384
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N=494

Iohexol

Standardized creatinine
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The « racial » factor in creatinine-based
equations

Is « race » the good word?

Is it clinical science or sociology?

It is highy debated in US…
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Friday, March 5, 2021
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Cystatin C
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Cystatin C

+ for Combined, children

No race coefficient

“Cost-effectiveness?”

Some imprecision still persists at the individual level

Standardization is possible but still not fully achieved
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Bargnoux AS, Clin Chem, 2017, 63, p833 
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Biomarkers Panel: β-trace protein, β2-microglubuline, Cystatin C

Métabolomic?

Simple? Cost-effectiveness?
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CKD diagnosis
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International guidelines in 
Nephrology
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60 mL/min/1.73 m²

Chronic Kidney Disease

Must be confirmed at 3 months…
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Justification of this cut-off

Simplicity

Half of normal measured GFR but arbitrary (and maybe not correct)

Because GFR < 60 mL/min/1.73 m² is associated with a higher mortality risk 
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• RENIS, BIS, AGES
• 50-97 years
• Iohexol clearance
• N=3274 and 987 healthy
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Yayo E, Nephrol Dial Transplant, 2018, 33, 1176
GFR by iohexol plasma clearance in healthy population (Côte d’Ivoire)
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What about « prognostic » argument 

N=2,051,044
33 general or high risk cohorts
13 CKD cohorts
Mean follow-up: 5.3 years
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80 mL/min
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The same GFR reference group is considered for all age

Reference can however change
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Age 18-54 y =>

Age 55-64 y =>

Age 65-74 y =>

Age >75 y =>

eGFR

Delanaye P, Clin Biochem Rev, 2016, p17
Glassock RJ, J Bras Nefrol, 2017, p59

Data from:
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Age 55-64 y
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Age 64-75 y
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Clinical case #1:
Candidate to living kidney donation

Women, 45 years old

Serum Creatinine at 0,90 mf/dL

Would you recommend to measure GFR?
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Clinical case #2:
Seminoma in young obese patient (BMI at 41 kg/m²)

Chemotherapy with carboplatin

Creatinine at 1,2 mg/dL

How do you estimate GFR for drug dosage adaptation?
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Test your knowledge

Question 1: Which method of measuring GFR is the best balance between physiology 
and feasibility ?

Question 2: What are the main limitations of serum creatinine?

Question 3: What are the main limitations of estimating GFR?

Question 4: Which are the advantages of cystatin C?

Question 5: Which are the current definitions of CKD? Which is its main limitation?

EFLM Syllabus Course

If you have carefully followed this lecture, you will know the answers to these 
questions:
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