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GFR : Glomerular filtration rate

“GFR is widely accepted as the best index
of kidney function in health and disease,
and 
accurate values are needed for 
optimal decision making in many clinical settings”

Stevens LA & Levey AS, JASN 2009



CKD staging  (NKF – K/DOQI 1997)



Clinical conditions where assessment of GFR is important

Stevens LA & Levey AS, JASN 2009



Go AS et al, N Engl J Med 2004 



Nag S et al, Diabetic Medicine 2007



Imaging methods (γ-camera : Gates, MRI)

Predicting Equations

Urea 
Plasma / Serum Creatinine levels
Cystatin C
Creatinine clearance
Mean of Urea + Creatinine Clearance 

endo

Inulin Clearance
Radiotracer clearance 
(51Cr-EDTA, 99mTc-DTPA, 125I-Iothalamate)
Non-radioactive contrast agent clearance (Iohexol)

exo
ex



Creatinine

The closest to an ideal endogenous GRR tracer

Almost exclusively a product of the  metabolism 
of creatine and phosphocreatine in skeletal muscle

In stable renal function  : Cr levels usually constant,
daily variability ≈ 8%

Renal handling :  freely filtered 
not reabsorbed
up to 15% actively secreted
by the tubules*



R = 0.86,  P < 0.0001

* [Cr]pl at normal GFR 
greatly varies between 
individuals

* Cr production may not  
remain constant





Determinants of the serum level of endogenous filtration markers

Stevens LA & Levey AS. JASN, 2009



Non-GFR determinants of creatinine

Stevens LA & Levey AS, JASN 2009





• GFR is the best overall index of kidney 
function

• Gold-standard GFR techniques are not 
practical for the entire CKD population

• Estimates of GFR are better/more practical 
than creatinine clearance

• Estimates of GFR are more sensitive for 
CKD than creatinine alone



PCr (±U) or Cys C or both
+

age
+

sex
+

ethnicity
±

body size

estimated GFR :
how to construct a GFR prediction equation

GFR
measured 
with an
exogenus
marker





Levey AS et al . Ann Intern Med, 1999



> ± 30% scatter using results from one instrument

Levey AS et al . Ann Intern Med, 1999



Levey AS et al. Ann Intern Med, 2009



51Cr EDTA GFR = 57 ml/min/1,73 m2



Role of age, sex, ethnicity, muscularity on PCr levels & eGFR
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“In newly diagnosed type 2 diabetic patients, particularly those with a
GFR >90 ml/min per 1.73m2, both CG and MDRD equations significantly 
underestimate iGFR.
This highlights a limitation in the use of eGFR in the majority of diabetic 
subjects outside the setting of chronic kidney disease.”

Chudleigh RA et al. Diabetes Care, 2007



“The CKD-EPI equation, based on creatinine, age, sex and race, has 
been validated and is more accurate than theMDRDstudy equation.
The addition of weight, diabetes and transplant does not 
significantly improve equation performance.”

Stevens LA et al. Nephrol Dial Transplant, 2010



Li H et al.Chin Med J, 2010



Stevens LA & Levey AS. JASN, 2009



Schwartz G et al. Pediatr Nephrol 2007





Garnett ES et al.  Lancet, 1967

Measurement of glomerular filtration-rate in man
using a 51Cr-edetic-acid complex
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51Cr-EDTA :

a common 
GFR tracer 
in Europe



51Cr-EDTA GFR determination 
(BSNM protocol)

1)  Bolus i.v injection of 3.7 MBq 51Cr-EDTA 

2)  10 ml blood sampling at 2 and 4 hours p.i. from a 
different vein

3) Activity counting of 1 ml plasma samples (x2)

4) Clearance calculation (with fast component correction)

5) Normalization for body surface area

Fleming S et al, Nucl Med Commun 2005



51Cr-EDTA GFR determination
(“Hippokration” protocol)

1)  Bolus i.v injection of 3.7 MBq 51Cr-EDTA 

2)  5 ml blood sampling at 2 and 4 hours p.i. from the 
same vein route

3) Activity counting of 1 ml plasma samples (x1)

4) Clearance calculation (with fast component correction)

5) Normalization for body surface area

Fleming S et al, Nucl Med Commun 2005





Angiocath GFR (ml/min/1.73 m2)

140120100806040200

Ve
in

 G
FR

 (m
l/m

in
/1

.7
3 

m
2)

140

120

100

80

60

40

20

0

R=0.997, p<0.0001

Vein GFR = 1.02 Angiocath GFR -1.25 

Vein - Angiocath correlation 

Separate injection–sampling vs single route method

Arsos G et al, EJNMMI S2008



Repeatability of a simplified GFR measurement method based
on a single vein route and simple plasma samples determinations

Arsos G et al, EJNMMI S2010

C1 - C2 correlation
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C1 - C2 difference analysis
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C1, C2 first and second counting

bias    (- - -) :       0.0 ml/min/1.73 m2

95% CI (     ) : - ± 4.0 ml/min/1.73 m2



Radiation dose to the patient 
from GFR determination with 51Cr-EDTA

Normal    GFR    :    0.01 mSv
Reduced GFR    :    0.02 mSv

ACR : effective dose  =  0.1 mSv

1/10



David Teniers the Younger, 1610 - 1690

The Village Doctor                       Musees Royaux des Beaux Arts de Belgique, Brussels 
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