
1

eGFR – a historical timeline and update

Chris Florkowski    MD MRCP(UK) FRACP FRCPA

Consultant in Chemical Pathology, 
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AACB, Annual Scientific Meeting – Sydney 2011

Chronic kidney disease and automatic reporting of estimated 
glomerular filtration rate: a position statement

MJA 2005; 183 (3): 138-141

“An e-GFR shall be automatically 
calculated for every request for 
serum creatinine concentration in 
people aged ≥ 18 years”people aged ≥ 18 years
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eGFR: the timeline

• Australasian Position Statement – Aug 2005

• Widespread uptake of MDRD equation

• Australasian Creatinine Consensus Working Group –
December 2006 

• Revised Recommendations Oct 2007• Revised Recommendations – Oct 2007
– MJA 2007; 187(8): 459-463

• Updated consensus 2011 – new equation: CKD-EPI

 Relationship between Serum Creatinine 
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Glomerular Filtration Rate (GFR)

Based on concept of clearance: -

“The volume of  plasma from which a 
substance is removed (per unit time) by 
glomerular filtration during it’s passage g g p g
through the kidney”



5

Inulin - naturally occurring 
plant polysaccharides 
b l i t l f

Inulin Clearance – a gold standard?

belonging to class of 
compounds known as fructans

It is not secreted or 
reabsorbed at the nephron 
allowing GFR to be calculatedallowing GFR to be calculated 

Complex protocol –rarely used

99Tc-DTPA clearance
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Creatinine Clearance

Timed urine collection for creatinine measurement 
(usually 24h)(usually 24h)

Blood sample - within the period of collection

Problems: -
• Accurate collection and volume measurement
• Within subject variability = 11%

Creatinine Clearance - more issues:

• Tubular secretion of creatinine• Tubular secretion of creatinine

• Overestimates GFR 1.1 to 1.2 x Inulin 
Clearance GFR of 80 - 90 mL/min: 

• overestimate GFR greater in renal failure• overestimate GFR greater in renal failure
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National Kidney Foundation; 
Disease Outcomes Quality Initiative (K-DOQI)
Ann Intern Med 2003; 139: 137-147

S ti i h ld t b d l• Serum creatinine should not be used alone

• Clinical Laboratories should report an estimate of 
GFR using a prediction equation, in addition to 
reporting serum creatinine

• Measurement of CrCl using timed urine collections 
(eg 24h) does not improve the estimate of GFR

Ann Intern Med 2003; 139: 137-47 
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• 249 hospitalised patients 

aged 18 92• aged 18 - 92

• Almost all males

• Compared (CrCl) 24h urine 
with prediction formula 
based on serum creatinine

• Correlation between 
predicted and mean 
measured CrCl = 0.83

Guidance given to RMOsGuidance given to RMOs

Needs height for calculation (of lean body weight)

NB – advice says can use eGFR from laboratory (MDRD)
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MDRD = Modification of Diet in Renal Diseases

MDRD (mL/min/1.73m2) 1999

“MDRD”
study

A multicenter trial, evaluated the effect of dietary protein 
restriction and BP control on progression of renal disease 

At baseline, GFR, serum creatinine and other variables 
d i ti t ith h i l diwere measured in patients with chronic renal disease

The purpose was to develop an equation that could 
improve the prediction of GFR from serum creatinine
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“MDRD”
study

1628 patients enrolled in the baseline period;  

- 1070 were selected as the training sample
- remaining 558 were the validation sample

MDRD Equation was developed by stepwise regression 
analysis applied to the training sample

It was then tested and compared with other equations in 
the validation sample

“MDRD”
study

GFR measured as renal clearance of 125I-iothalamate

Creatinine clearance computed from creatinine excretion
in 24 h urine collection and single measure of serumin 24-h urine collection and single measure of serum 
creatinine
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“MDRD”
study

Serum and urine creatinine measured by kinetic alkaline picrate assay

GFR and creatinine clearance were expressed per 1.73 m2 of body 
surface area by multiplying values by 1.73/body surface area

“MDRD”
study

Each point represents the 
baseline measurement
for one patient during the 
MDRD Study 

GFR was measured as theGFR was measured as the 
renal clearance of 
125I-iothalamate
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“MDRD”
study

“MDRD”
study
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Modification of Diet in Renal Diseases 
(MDRD) equation; Ann Intern Med 1999; 130: 461-70

• GFR (ml/min/1.73m2) = 186 X [creat (μmol/l) X 0.011312]-1.154

X [age]-0.203 X 0.742 (if female)

Modification of Diet in Renal Diseases 
(MDRD) equation; Ann Intern Med 1999; 130: 461-70

• GFR (ml/min/1.73m2) = 186 X [creat (μmol/l) X 0.011312]-1.154

X [age]-0.203 X 0.742 (if female)

• Does not require height or weight
• Recommended by the National Kidney Foundation and 

American Society of NephrologyAmerican Society of Nephrology

• www.kidney.org/kls/professionals/gfr_calculator.cfm
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Modification of Diet in Renal Diseases 
(MDRD) equation; Ann Intern Med 1999; 130: 461-70

• GFR (ml/min/1.73m2) = 186 X [creat (μmol/l) X 0.011312]-1.154

X [age]-0.203 X 0.742 (if female)

• Validated in patients with CKD (GFR 40ml/min/1.73m2) and 
predominantly Caucasian (>500 subjects)

• Also validated in diabetic kidney disease, renal transplants, 
African-Americans with non-diabetic kidney disease

Modification of Diet in Renal Diseases 
(MDRD) equation; Ann Intern Med 1999; 130: 461-70

• GFR (ml/min/1.73m2) = 186 X [creat (μmol/l) X 0.011312]-1.154

X [age]-0.203 X 0.742 (if female)

• Not validated in children (age<18 years), pregnant women, 
the elderly (age >70 years)

• Ethnic groups other than Caucasians and African Americans

• In normal individuals
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Modification of Diet in Renal Diseases 
(MDRD) equation; Ann Intern Med 1999; 130: 461-70

• GFR (ml/min/1.73m2) = 186 X [creat (μmol/l) X 0.011312]-1.154

X [age]-0.203 X 0.742 (if female)

• Note “186” equation reflecting non-IDMS aligned creatinine
B k C lt CX3 d i MDRD t d bi• Beckman Coulter CX3 used in MDRD study: +ve bias

• Latterly “175” equation with IDMS aligned methods

MDRD versus C&G - which is better ?

Consider bias ie how close the predicted• Consider bias - ie how close the predicted 
GFR is to the true GFR

• Consider precision - ie the variability or 
dispersion of prediction equationdispersion of prediction equation 
estimates around the gold standard GFR
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Evaluation of e-GFR vs radionuclide GFR (N-GFR)
Christchurch Hospital Study - 2005

Number of patients = 601

Age range (yrs) = 16-85
Sex (M/F) = 174/426

Corrected N-GFR range (mL/min/1.73m2) = 3.91- 213

Plasma Cr within 24hrs of GFRPlasma Cr within 24hrs of GFR

Ann Clin Biochem 2006; 43: 309-13
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Overall accuracy of e-GFR; MDRD vs C&G

Accuracy MDRD (%) CG (%)y ( ) ( )

Within 30% of N-
GFR

75 73

Within 50% of N-
GFR

91 92

Ann Clin Biochem 2006; 43: 309-13

“Both equations perform acceptably well 
for most clinical purposes Thefor most clinical purposes. The 
abbreviated MDRD equation, however, 
has operational advantages in not 
requiring height or weight and can 
easily be adapted to laboratory 
computer systems”computer systems”.

Ann Clin Biochem 2006; 43: 309-13
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So, what effect has eGFR introduction had?

• Unification of units of measurement• Unification of units of measurement

• Promoted standardisation of assays

• Increased referrals to Nephrology• Increased referrals to Nephrology

Australasian Position Statement
MJA 2005; 183 (3): 138-141

Creatinine - preferred units are μmol/LCreatinine preferred units are μmol/L
Creatinine to be reported to nearest μmol/L (up to 300 umol/L)
e-GFR to be reported in mL/min or mL/min/1.73m2

e-GFR to be reported with every request for creatinine

Preferred equation for e-GFR is abbreviated MDRD

Reporting restricted to subjects >18 years
Values to be reported as >60mL/min, rather than exact figure
Age-adjusted reference intervals may be used
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Australasian Position Statement
MJA 2005; 183 (3): 138-141

Creatinine - preferred units are μmol/LCreatinine preferred units are μmol/L
Creatinine to be reported to nearest μmol/L (up to 300 umol/L)
e-GFR to be reported in mL/min or mL/min/1.73m2

e-GFR to be reported with every request for creatinine

Preferred equation for e-GFR is abbreviated MDRD

Reporting restricted to subjects >18 years
Values to be reported as >60mL/min, rather than exact figure
Age-adjusted reference intervals may be used

μmol/L 
36%

mmol/L
64%

NZ Laboratories in 2006 
units for reporting creatinineunits for reporting creatinine
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Clin Chem 2006; 52(1): 5-18

Enzymatic 
th dmethods 

agree well 
with IDMS
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New Zealand Community Patients - Male
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New Zealand Community Patients - Female
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Age-related decline in GFR:
Physiology or Disease ?
Kidney International 1984; 26: 861-8.

• Baltimore Longitudinal Study of Ageing - 446• Baltimore Longitudinal Study of Ageing - 446 
community-dwelling people over 24 years

• Fall in GFR with age largely attributable to 
hypertension (HT)

• One third, in absence of HT or other causes of 
renal disease had stable GFR

105 872 subjects from 14 studies with urine albumin to 
creatinine ratio (ACR) and 1,128,310 from 7 studies with   
protein dipstick measurements 

Relationship between eGFR, proteinuria and mortality 

Lancet 2010; 375: 2073-81
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Increased mortality below 60 ml/min/1.73m2

No consistent age interaction

Updated 2011 recommendations – in press
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In most out-of-hospital settings,where eGFR (MDRD) is on 
hand and no other measure of GFR is known, it is clinically 
appropriate to use eGFR to assist drug dosing decision making.

For critical dose drugs, particularly in hospital setting, it 
i i t t t dh t d ti th t llremains important to adhere to recommendations that usually 

involve use of the Cockcroft-Gault equation, or to measure 
creatinine clearance in order to amend dosing for renal 
function.
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In drug dosing, body size should be considered

May need to adjust eGFR for actual BSA

Big person Small person

JONAHJONAH

LOMU

Weight: 118 kg; Height 1.96 m

BMI:  30.7 kg/m2Waist 69cm
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Ethnicity (and e-GFR): more than just BMI ?

How do we define ethnicity ?y
Ethnic correction factors for MDRD ?

At higher BMI levels, Polynesians 
significantly leaner than Europeanssignificantly leaner than Europeans
Int J Obes Relat Metab Disord 1999; 23(11): 1178-83

99Tc-DTPA GFR by BMI Group
250

BMI (kg/m2) Number Median GFR

200

150

100

50

BMI (kg/m2) Number Median GFR
(inter-quartile range)
mL/min/1.73m2

A <20 74 88 (67 – 101)

B 20-25 250 78 (56 – 107)

C 25 30 177 83 (65 102)50

0

A B C D

C 25-30 177 83 (65 – 102)

D >30 100 87 (63 – 107)

Ann Clin Biochem 2006; 43: 309-13
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Tc-DTPA GFR
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Healthy age-matched young males; n=23 per group

AACB – Sydney 2011; see Poster 4

P=0.0007
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Updated 2011 recommendations – in press

Aboriginal study – Paul Lawton

• 150 participants X 4 centres• 150 participants X 4 centres

• Iohexol clearance for measured GFR

• eGFR

• Bioelectrical impedance and DEXA (urban sites)

• Cystatin C

• 400+ recruited so far



34

Updated 2011 recommendations – in press

“CKD-EPI”
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The MDRD equation was developed in people

CKD-EPI; Ann Intern Med 2009; 150(9): 604-12

The MDRD equation was developed in people 
with CKD; major limitations are imprecision and 
systematic underestimation of measured GFR 
(bias) at higher levels

Objective was to develop a new equation basedObjective was to develop a new equation based 
on serum creatinine that would be as accurate 
as MDRD at GFR <60 ml/min/1.73 m2 and 
more accurate at higher GFR

CKD-EPI collaborators provided data from

CKD-EPI; Ann Intern Med 2009; 150(9): 604-12

CKD EPI collaborators provided data from 
8,254 participants from 6 studies and 4 
clinical populations, divided randomly into 
separate datasets for development (n=5,504) 
and internal validation (n=2,750)

F ll t di ti i lFor all studies, serum creatinine values were 
recalibrated to the the Roche enzymatic 
method
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CKD-EPI; Ann Intern Med 2009; 150(9): 604-12CKD-EPI; Ann Intern Med 2009; 150(9): 604-12

In the CKD-EPI equation, the spline for log serum creatinine
allows for steeper and identical slopes of GFR vs creatinine for men and 
women above the knots and less steep and different slopes below the 
knots, leading to higher estimated GFR at lower creatinine values.

Less under-estimation of eGFR in normals with CKD-EPI
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CKD-EPI; Ann Intern Med 2009; 150(9): 604-12

Median difference (bias), Inter-quartile ranges for 
differences (precision) and root mean square error, 
were all improved with the CKD-EPI equation (p<0.001) 

The CKD-EPI equation was as accurate as MDRD in the 
subgroup with eGFR < 60 ml/min/1.73 m2 and 
substantially more accurate in the subgroup with eGFR 
>60 ml/min/1.73m2

CKD-EPI; Ann Intern Med 2009; 150(9): 604-12

Improved accuracy of the CKD-EPI equation 
could have important implications for public 
health and clinical practice. We suggest 
that the CKD-EPI equation could replace 
the MDRD Study equation for estimatedthe MDRD Study equation for estimated 
GFR reporting for general clinical use
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AUSDIAB – subjects re-classified
Am J Kid Dis 2010; 55(4): 660-70

11 247 Australians aged >25 years11,247 Australians aged >25 years

Using MDRD, prevalence of CKD was 13.4% 
and using CKD-EPI was 11.5% 

266 participants were reclassified to no CKD266 participants were reclassified to no CKD

Reclassified individuals - predominantly women 
with favourable cardiovascular risk profile

AACB – Sydney 2011; see Poster 4
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Consistent with UK and what some Labs were doing at the time

With CKD-EPI, could report up to 120 or all values?

Updated 2011 recommendations – in press
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Updated 2011 recommendations – in press
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Prediction equations for use in children

Updated 2011 recommendations – in press
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Steady state is the single most important 
factor for interpretation and is frequently 
not fulfilled in acute care settings

If delta check failed (variation of >17% in creatinine 
over four days) - RCV with 95% probability

“Steady state conditions are not fulfilled due to 
recent variation in plasma creatinine.  Caution 
should be exercised in interpretation ofshould be exercised in interpretation of 
estimated GFR.”
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When to refer to a Nephrologist ?
http://www.kidney.org.au

• e-GFR <30 mL/min/1.73m2

• Rapidly declining renal function (>15% 
increase in e-GFR over 3 months)

• Proteinuria > 1g in 24 hrs
• Glomerular haematuria
• Kidney disease and hypertension that proves• Kidney disease and hypertension that proves 

difficult to control
• Diabetes and e-GFR < 60 mL/min/1.73m2
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Referrals have increased:
Nephrol Dial Transplant 2008;23: 3845- 50

Appropriateness of referrals, by KCAT criteria, fell from 74.3% 
in the 3/12 pre-eGFR to 65.2% in the 12/12 after (P<0.05)

Increase in referrals predominantly in older and diabetic 
patients with stage 3 CKD and appeared to result in net benefit
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eGFR – caveat emptor

• All mathematical abstractions• All mathematical abstractions

• Relating patients to the populations from which 
the equations were derived

• There is no “one size fits all”

• (Lack of) steady state is the major confounder


