
Estimated Glomerular Filtration Rate 
(eGFR); Its Application in the Clinical 

Laboratory

James Fleming, PhD, FACB
Laboratory Corporation of America

Vice President and Director
Department of Science and Technology

Elon, North Carolina  27244
fleminj@labcorp.com



2

NKDEP

Member of Laboratory Working Group
of the National Institutes of Health, National 

Kidney Disease Education Program



3

Topics of Discussion

� Relevance of CKD
� MDRD Equation
� Limitations of the MDRD Equation
� Creatinine Measurement
� Implications of Re-calibration
� Suggestions for Laboratories
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Clinical Considerations
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Deaths from Diabetes

� 30% more Americans die from Diabetes 
than their European counterparts

� American diabetics have 4X more kidney 
disease than European diabetics
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Kidney Failure Compared to 
Cancer Deaths in the U.S. in 2000

(in Thousands)

Seer, 2004

Lung Cancer Kidney
Failure

Colorectal
Cancer

Breast
Cancer

Prostate 
Cancer
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41
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160
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Prevalence of Renal Insufficiency in U.S.

Thus, about 8 million Americanshave a GFR less 
than 60 mL/min/1.73 m2.  Plus 11 millionmore 
have a GFR over 60 but have persistent 
microalbuminuria . 

Coresh, et al., 2005

360,0007.7 MillionNumber of People

29-1559-30GFR
(mL/min/1.73 m2)
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Incidence of Kidney Failure
(per million population, 1990, by HSA, unadjusted)

USRDS, 2000
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Incidence of Kidney Failure
(per million population, 2000, by HSA, unadjusted)

USRDS, 2000



10

The Risk of Kidney Failure 
is Not Uniform

Relative risks compared to Whites:

African Americans 3.8 X

Native Americans 2.0 X

Asians/Pacific Islander 1.3 X

The relative risk of Hispanics compared to
Non-Hispanics is about 1.5 X

USRDS, 2004
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Costs of Kidney Failure are High
(in $billions for 2002)

Kidney 
Failure
Care Total NIH

Budget

25.2
23.2Kidney Failure 

Accounts for 6% of 
Medicare Payments

Lost Income for 
Patients is $2-4 
Billion/Yr

USRDS, 2004
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CKD is Not Being Recognized Nor Treated

• Most practices screen fewer than 20% of their 
Medicare patients with diabetes*

• Patients are referred late to a nephrologist, especially 
African-American men

� Up to 83% of patients with CKD are referred late (Sprangers, 
2006)

• Less than 1/3 of people with identified CKD get an 
ACE Inhibitor

Kinchen, et al., 2002
McClellan et al.,1997
*Data provided by the USRDS based on 5 percent Medi care enrollment and claims data
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Who to Test for Chronic Kidney Disease

Regular testing of people at risk 

• Diabetes
• Obese
• Hypertension
• Relative with kidney failure
• Cardiovascular disease
• Elderly
• Chronic NSAID use
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Who to Treat?

� Diabetics with random urine 
microalbumin/creatinine ratio >30 mg/g

� Non-diabetics with random urine 
microalbumin/creatinine ratio >300 mg/g

� Non-diabetics with an eGFR of <60 
mL/min/1.73m2 for at least 3 months



U.S. Department of Health
and Human Services

National Institutes of Health
National Institute of Diabetes and 
Digestive and Kidney Diseases

National Kidney Disease 
Education Program
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NKDEP – Rationale for Using and 
Reporting eGFR

� GFR and CrCx are poorly inferred from serum 
creatinine alone

� Creatinine is more often measured than urine 
albumin

� Measurement of renal function is essential once 
albuminuria discovered

� MDRD equation is the most validated equation
� MDRD equation is superior to other methods
� MDRD equation does not require 24 hour urine 

or weight and height variables
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At What Level of Creatinine Does a 65-
Year-Old Diabetic, Hypertensive White 
Woman Weighing 50 Kilograms Have 

CKD?

� 77% Said:
Creatinine > 1.5 mg / dL

� Creatinine = 1.0 for GFR = 59 mL/min/1.73 m2

���� �����	
�	�
������	 �
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Screening Now Easier
� Important to determine early kidney disease

� Screening tool = estimated Glomerular
Filtration Rate (eGFR)

� Can be calculated from serum creatinine

� NKDEP and NKF are bringing awareness to 
the physician community

� If eGFR is <90 mL/min/1.73 m2 should check 
for microalbumin.

http://www.nkdep.nih.gov
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Stages of CKD

<15 or dialysisKidney Failure5

15-29Severe ̄̄¯̄ GFR4

30-59Moderate ̄̄̄̄ GFR3

60-89Kidney Damage with 
Mild ¯̄̄̄ GFR

2

� 90Kidney Damage with 
Normal or ­­­­ GFR

1

GFR
mL/min/1.73m2

DescriptionStage

CKD is defined as either kidney damage or eGFR <60 mL/min/1.73m2 for � 3 months.

K/DOQI Guidelines
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60 - 90 mL/min/1.73m2

� Consistent with normal kidney function. 
� Suggest repeat testing in 6 to 36 months.  

� Note: CKD may present with normal or 
increased eGFR(Stage 1 or 2), commonly due 
to diabetes or hypertension.  
� Assess kidney function with albumin dipstick 

screen followed by microscopic analysis if 
indicated, and albumin/creatinine ratio if 
protein negative.  

K/DOQI Guidelines
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30 – 59 mL/min/1.73m2

� Consistent with moderate Chronic Kidney 
Disease (Stage 3). 

� Suggest repeat testing in 3 to 6 months or after 
any change in medications, medical 
interventions or clinical status to estimate 
progression.  

� CKD is diagnosed when eGFR < 60 
mL/min/1.73m2 for more than 3 months.  
Consider nephrology referral.

K/DOQI Guidelines
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< 15 mL/min/1.73m2

� Consistent with severe Chronic Kidney 
Disease (Stage 4).   Consider nephrology 
referral. 

15 – 29 mL/min/1.73m2

• Consistent with kidney failure 
(Stage 5).   Consider urgent 
nephrology referral. 

K/DOQI Guidelines
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How to Detect Chronic Kidney Disease*

In individuals with diabetes:

• “Spot” urine albumin/creatinine ratio

In others at risk:

• Estimate GFR from serum creatinine using 
the MDRD prediction equation and/or….

• “Spot” urine albumin/creatinine ratio or
albumin dipstick (Bouleware, et al., 2003)

*24 hour urine collections are NOT needed. Diabetics should be tested once a 
year. Others at risk testing less frequently as long as normal.

K/DOQI Guidelines
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Microalbuminuria

� Definition 
–24h excretion >30 mg/24h
–1,2,3,4h samples     >20 mmmmg/min
–Spot urine >30 mg/g Cr

� Routine dipsticks - too insensitive
–not positive until 200-300 mg/24h is reached

� Best methods employ RIA or Immunochemistry
� Some methods are semi-quantitative or 

qualitative
–may be adequate for screening purposes
–reflex to more sensitive method

K/DOQI Guidelines
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Analytical Considerations
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MDRD Equation without Method 
Traceability

eGFR (mL/min/1.73m2) =
186x (SCr)-1.154x (Age)-0.203x (0.742 if female) x (1.2 if 
African-American )

Calculator friendly formula
exp(ln(186)-((1.154 x ln(SCr))-((0.203 x ln(Age)) x 
(ln(0.742 if female)) x (1.2 if African American)

This formula should be used if method does not have 
calibration traceability to IDMS reference procedures

http://www.nkdep.nih.gov
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MDRD Equation without Method 
Traceability

eGFR (mL/min/1.73m2) =
175x (SCr)-1.154x (Age)-0.203x (0.742 if female) x (1.2 
if African-American )

Calculator friendly formula
exp(ln(175)-((1.154 x ln(SCr))-((0.203 x ln(Age)) x 
(ln(0.742 if female)) x (1.2 if African-American)

This formula should be used if method doeshave 
calibration traceability to IDMS reference 
procedures

http://www.nkdep.nih.gov
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Advantages of MDRD

� More accurate than 24 hr creatinine clearance
� Eliminates 24 hour urine collection and associated 

problems
� 4 parameter equation

� Serum Creatinine
� Age
� Gender
� Race(different formula for African Americans)

� Convenient calculation for earlier detection of CKD
� Normalized to body size (1.73m2)
� More diagnostically accurate and precise in diabetics 

than Cockcroft-Gault (Rigalleau, 2006)
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Limitations

� MDRD study population was adult (18-70) Caucasian and 
African Americans, all with CKD
� Healthy individuals were not evaluated (Rule A, 2004, 2006)
� Not validated in <18 yo and > 70 yo

� Recent reports indicate the MDRD equation underestimates 
values >60 mL/min/1.73m2 (Rule A, 2004, 2006)

� MDRD equation developed using the Beckman CX-3
– Method was not traceable to IDMS

� Will not be valid on whole blood creatinine measurements
� Calibration commutability is only serum based
� LGW working on a recommendation
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Limitations

� Use Urine Creatinine Clearance if:

� Basal creatinine production abnormal
– Morbidly obese
– Severely malnourished
– Amputees
– Paraplegics
– Other muscle wasting diseases

� Unusual diets
– Strict vegetarians
– Creatine supplements
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Manufacturers’ Considerations
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Several Considerations for LWG

� Establish Analytical Performance Criteria
� Accuracy
� Precision

� Provide Reference Material

� Manufacturers must calibrate using IDMS
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What Performance Characteristics are 
Needed?

� Creatinine bias should not increase the error in 
eGFR results by more than 10-15%

� Simulation in 491 patients in MDRD baseline 
group who had creatinine values between 1.0 
and 1.5 mg/dL
� Assume central lab had zero bias and SD of 0.3 

mg/dL
� Add bias and random error to baseline values
� Calculate increase in root mean squared error of the 

eGFR vs the measured GFR

Miller G 2005
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Miller G 2005

44
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Recommendations for Manufacturers

� Recalibrate to IDMS
� Imprecision <8% at � 1.00 mg/dL
� Analytical Bias <5% against IDMS at 

� 1.00 mg/dL
� Report creatinine to 2 decimal places
� Improve imprecision <1.00 mg/dL
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Commutable Reference Material for 
Creatinine Measurement

� Collaboration between CAP, NKDEP 
and NIST

� Fresh frozen plasma pools prepared
� Two levels:  0.8 mg/dL and 4.0 mg/dL
� Material was value assigned by GC-

IDMS and LC-IDMS methods
� Materials will be designated SRM 967

Myers GL 2005
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Creatinine Method Non-Specificity

� Must also be addressed by manufacturers
� Can lead to overestimation by 15-25%
� Recalibration does not correct for analytical 

interference

� Alkaline Picrate
– Ketoacids
– Drugs
– Glucose and other metabolites
– Proteins

� Enzymatic preferred but costly
– Drugs
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Laboratory Considerations
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Implications of Recalibrating Creatinine

� Cockcroft-Gault equation for pharmacy dosing
� May be using creatinine methods with 10-20% positive bias 
� Recalibration will lower creatinine thus increasing the estimated GFR 

by the same percentage

� Swartz equation for children
� Especially in toddlers with very low creatinine
� At low concentrations, 0.1 or 0.2 lower creatinine may mean a 50% 

increase in estimated GFR

� Urine Creatinine Clearance
� Lower results will affect reference intervals

� Proficiency Testing
� PT creatinine distribution may be bimodal due to recalibration
� May cause PT failures with certain peer groups
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Suggestions for Laboratories

� Report numeric values to the nearest whole number 
for eGFR results <60 mL/min/1.73m2 

� Report results � 60 as “� 60 mL/min/1.73m2 “

� Should comment that CKD is still possible

� Do not report eGFR results on patients <18 yo
� Measure creatinine to 2 decimal places to calculate 

eGFR
� Report both Caucasian and African-American results
� Check with the manufacturer to find out if they are 

calibrating by IDMS from one of the approved 
JCTLM secondary reference materials
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Suggestions for Laboratories

� Ensure you are using the correct MDRD 
equation

� Be aware of the limitations of the equation

� Be aware that a calibration change by the 
manufacture of your creatinine method will 
impact others….communicate and educate
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State eGFR Legislation

� Some states are mandating automatic reporting of eGFR with 
all creatinine measurements.
� New Jersey(mandated automatic reporting)
� Pennsylvania(3/24/07 - mandated automatic reporting)
� Colorado (recommends reporting)
� North Carolina (considering reporting)
� South Carolina (resolution recommending reporting)
� Connecticut (requires clinician to order eGFR on all 

hospitalized patients and at annual physical)
� Virginia (1/1/07 – all Medicaid recipients must have eGFR)
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Cystatin C
� Cysteine protease inhibitor

� Synthesized by all nucleated cells

� Vascular injury increases production of 
cytokines

� Stimulates production of cysteine proteases

� Inhibits PMN cell chemotaxis

� Promotes tissue remodeling
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Cystatin C
� Has been related to renal impairment (RI)
� Numerous publications

� Grubb (Clin Chem2005;51:1420)
» Developed a prediction equation for adults and 

children as a replacement for the MDRD 
equation

» May find utility in toddlers if the Swartz equation 
becomes invalid in that age range

� Not affected by muscle mass, gender, diet, or inflammation
� Serum levels do not change during childhood, but do 

increase with diminished GFR in adulthood
� LMW, thus easily filtered and reabsorbed by proximal 

tubules
� May be a good marker for proximal renal tubular injury or 

dysfunction
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Cysteine C
� RI also an independent risk factor for CHD

� Cystatin C can therefore be used to assess 
CHD risk (Koenig W.Clin Chem2005;51:321)

� No clinical practice guidelines to suggest 
the best use of this marker

� Holds promise
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