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Outline 

• Kidney Function 
• Kidney Disease 
• Diagnosis / monitoring 

– Evidence 
– Implementation 

• Role of GFR 
• Role of creatinine 



Functions of the Kidney 

• Waste removal / homeostasis 
– Water 
– Electrolytes / hydrogen ions 
– Nitrogen 

• Endocrine 
– Vitamin D 1-hydroxylation 
– Erythropoetin 
– Renin 

• Drug removal 
• Metabolic 



Functions of the Kidney 

• Waste removal / homeostasis 
– Water – fluid overload* 
– Electrolytes / hydrogen ions – hyperK*, acidosis* 
– Nitrogen – azotaemia*, fatigue 

• Endocrine 
– Vitamin D 1-hydroxylation – hypocalcaemia* 
– Erythropoetin – anaemia* 
– Renin -  

• Drug removal – drug toxicity 

• Metabolic                                  * laboratory diagnosis 



K/DOQI 2002 (USA) 



International Guidelines 
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GFR Grading (mL/min/1.73m2) 

Laboratory 
diagnosis 

Code          Terminology             Definition 
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Albuminuria grading 

Laboratory 
diagnosis 

Code 
 
 
Terminology 
 
 
Definition 
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“Heat Map” 

G3aA1 

G1A3 

G5A2 

Diagnosis and 
Classification 
 - Global uniformity 
 - Clinical Trials 
 - Prevalence data 
Risk prediction 
 - Green:  none 
 - Yellow: moderately  
         increased 
 - Orange: high 
 - Red: very high 
Management plans 
 
 

Laboratory diagnosis 
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UK 
NICE 



Aust 
2012 



KHA 



Medicine Update, 2013, section 17, chapter 130 



Kidney International 2011 

•  Collaborative meta-analysis and Controversies 
Conference in October 2009. 
 

•  45 cohorts that included 1,555,332 participants from 
general, high-risk, and kidney disease populations. 
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Symptoms 



Glomerular Filtration Rate 

GFR 
• Methods 
• Creatinine 
• eGFR equations (estimated GFR) 
• Other factors 



Glomerular Filtration Rate 

“Normal” >90 mL/min 
      (130 L/day) 

Amount of fluid passing 
through the 2 million 
glomeruli in a fixed 
period of time  



Measuring GFR 
• Formal GFR measurement 

 
• Creatinine alone 

 
• Creatinine Clearance 

 
• Cockcroft and Gault formula 

 
• eGFR (MDRD, CKD-EPI) 

 
• Other Markers (eg Cystatin C) 

 



Formal Measurement of GFR 

• Inulin 
• Cr51-EDTA, I125-iothalamate, Tc99-DTPA, iohexol  
• Intravenous injection of substrate 
• Measure in blood and or urine at various times 
• Calculate clearance as estimate of GFR 
• Basis for assessing all other methods 
• But: 

– time consuming, expensive, radiolabels 
– Less commonly available 
– Variable quality!!! 

 
 
 



Tools for GFR estimation  

• Creatinine alone 
–S creatinine 

• Creatinine Clearance 
–S creatinine, 24 hour urine creatinine 

• Cockcroft and Gault formula 
–S creatinine, age, sex, weight 

• MDRD, CKD-EPI (eGFR) 
–S creatinine, age, sex, (race) 



Creatinine 

• Small nitrogen-containing compound (MW 113) 

• Formed spontaneously from creatine in muscle 
at a (fairly) constant rate 

• Largely removed from the blood by renal 
filtration 

 

 

Creatine                     Creatinine 



Creatinine Measurements 

 



Creatinine Measurement 

• Jaffe Methods 
– Chemistry described in 1896! 
– Non-specific 

• Interferences (non-creatinine chromogens) 

– Multiple formats 
• Reagent concentrations, pH 
• Read frame, temperature, detergents 
• End-point, rate, rate-blanked, protein precipitation 

– Standardisation issues 
• Need commutable calibrators or “adjustment” 

• Cheap, very widely used 
 



Creatinine Measurement 

• Enzymatic assays 
– More specific, easier to standardise 
– Different enzymes and formats 
– Readilly commercially available 
– More expensive 

• HPLC (research) 
• Fullers earth (historical) 
• IDMS (JCTLM-listed) 

 
• Mid 2000’s – results highly variable! 



0.9 mg/dL (80 umol/L) 

+20% 

+10% 

Arch Pathol Lab Med. 2005;129:297–304 



Creatinine Standardisation 

• Without standardisation: 
• Cannot reliably compare results from: 

– Different labs 
– With clinical guidelines  
– With literature references 
– Or get the same results from GFR formulae 

 



NKDEP 

• National Kidney Disease Education Program 
• Laboratory Working Group 

– Clinicans 
– Laboratorians 
– Metrologists 
– Manufacturers 

http://nkdep.nih.gov/index.shtml


Clinicians 

• Confirmed clinical need 
• Provided motivation (customers) 

– Laboratories 
– Manufacturers 

• Contributed to analytical 
requirements 

• Linked testing to interpretation 

http://nkdep.nih.gov/index.shtml


http://nkdep.nih.gov/index.shtml




p 

RMs: Pure – 3, matrix matched - 4 



RMP: 3 serum methods 



RMS:  5 laboratories 



 

2012 
Lab 1:     e.u. = 1.0% 
Lab 54:   e.u. = 4.8% 
Lab 121: e.u. = 4.8% 



Manufacturers 

• Participated in LWG meetings 
• Restandardised assays 

– Science – assay, reference intervals 
– Manufacturing 
– Regulatory requirements 
– Change management 
– End-user education  

• Costs >$10 million per company 
• Delivered by end 2008! 



Instructions for Use (IFU) 

Calibration 
The serum calibrator creatinine value is traceable to the Isotope 
Dilution Mass Spectroscopy (IDMS) method via National Institute 
of Standards and Technology (NIST) Standard Reference Material 
(SRM) 967. 



eGFR: MDRD Equations 

MJA 2005 

175 

MJA 2007 

For “IDMS aligned” creatinine assays 



Interim Processes 

• Laboratory-specific Factors for creatinine assays 
• UKNEQAS – Sausages – Finlay McKenzie 

– Successfully Adopting UK NEQAS Slope Adjuster 
GFR Estimate Systems 
 

• British Columbia, Canada 
 
 
 



 



2006 Data Peake et al, Clin Biochem Revs 



2011 Data Thanks to Gus Coerbin and AACB 

Creatinine bias – 20 samples, 8 methods,  22 laboratories 





CKD-EPI Equation 
• Chronic Kidney Disease Epidemiology Collaboration 
• Collaboration of all major players 
• Over 8000 subjects 
• Wider range of ages, renal function ect 
• Improved accuracy 
 





CKD-EPI 

CKD-EPI 

eGFR low 

eGFR High 



KDIGO - 2012 

• Recommends adoption of CKD-EPI formula 
for calculating eGFR 

• Unless there is evidence of a superior 
equation 

• Requires IDMS aligned creatinine assays 



5 Pillars of Traceability 

• Reference Materials 
• Reference Methods 
• Reference Laboratories 
• Reference intervals / decision points 
• Traceable External Quality Assurance 

– (Mauro Panteghini) 



National 
Measurement  
Institutes 

Manufacturers 

Laboratories 

Professional 
O

rganisations 



2010 

• Victory declared! 

or was it…… 



Problem: Interferences 



 

Europe - Clin Chim Acta  2011; 412: 2070–5 

0.4 mg/dL 
36 umol/L 

0.8 mg/dL 
74 umol/L 

1.1 mg/dL 
97 umol/L 

1.7 mg/dL 
149 umol/L 

2.0 mg/dL 
174 umol/L 

Problem: Low creatinine concentrations 



Nova Statstrip LH whole blood  

-20 to + 30% 
(outliers removed) 



i-STAT LH whole blood 
 

-2 to + 24% 
(outlier removed) 

Problem: Whole Blood /  
Point-of-Care 



Problem: Total error (Jaffe) 

2014 



IFU (Egypt) 



Creatinine assays 

• IDMS aligned: Abbott, Beckman-Coulter, 
(Olympus), Ortho-Clinical Diagnostics, Roche, 
Siemens… 

• Internet Search (2013): 
• 53 manufacturers; 85 assays 

– “IDMS” traceable   13 
– Calibrator traceable   16 
– Calibrator  Value   19 
– No calibrator    10 
– Uncertain    27 

 
 

Most assays either  
not traceable 
or unable to tell 

Problems: Non-standardised assays 
                   Inadequate information 



Ongoing Issues 

• Good assays available for adults 
– Traceable enzymatic assays 
– Cost is major factor 

• Reasonable assays available for adults 
– Traceable Jaffe assays 

• Improvements required 
– Paediatrics (accuracy, interferences) 
– Whole blood assays 
– Developing world (assays, assay information) 

 



Creatinine – the lessons 

• Traceability for routine tests is possible 
• Even for “simple” analytes, it is difficult 
• It requires collaboration between: 

– Metrology 
– Clinical Laboratory Science 
– Clinical groups 
– Manufacturers 
– EQA Providers 
– Regulators business 

• The people and the organisations 
 

  
        

 



CKD Task Force 

• International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) 

• World Association of Societies of Pathology 
and Laboratory Medicine (WASPLM) 
 

• Goal: 
• To help national organisations 

implement best practice 
programs for CKD management 
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