
01/12/14 

1 

A/Prof Ken Sikaris 25th November 2014 

Performance Criteria for: 

The Post-analytical Phase 

A/Prof Ken Sikaris 

Chemical Pathologist 

Melbourne Pathology, Australia 
BSc(Hons), MBBS, FRCPA, FFSc, FAACB, GAICD 

A/Prof Ken Sikaris 25th November 2014 

OUTLINE 

• Defining Performance Goals 

– Minimal / Desirable / Optimal 

• Defining the Post-Analytical phase 

– Data, Information, Knowledge and Action 

• Hierarchical Performance Criteria 

– Reference Intervals & Clinical Decision Limits 

 

– Significant Changes 

 

– Critical limits 
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10,000 Patients/Day 

20,000 Patients/Day 
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Sonic Healthcare 
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Sonic Healthcare 
Europe Pathology 

$1,144,000 

Australian Pathology 

$1,131,000 

USA (& Canada) 

$830,000 (+) 
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DEFINING 

PERFORMANCE GOALS 
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OPTIMUM STANDARD 

MINIMUM STANDARD 

QUALITY LEVELS: General Concepts 

DESIRABLE 

ACCEPTABLE 

UNDESIRABLE 

UNACCEPTABLE 
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OPTIMUM STANDARD 

MINIMUM STANDARD 

Model 3: State of the Art 

UNACCEPTABLE 

Best Labs 

Worst Labs 

Most Labs ACCEPTABLE 
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OPTIMUM STANDARD 

MINIMUM STANDARD 

Model 2 Biological Variation 

DESIRABLE 

UNACCEPTABLE 

0.25 CVI 

0.75 CVI 

0.5 CVI 
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OPTIMUM STANDARD 

MINIMUM STANDARD 

Model 1: Clinical Outcome 

DESIRABLE 

UNACCEPTABLE 

Wellness 

Mortality 

Health 

Unwell 
UNDESIRABLE 
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DEFINING 

THE POST-ANALYTICAL 

PHASE 
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“The Brain to Brain Loop” 

CLINICAL 
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ISO 17043 

General Requirements 

For Proficiency Testing 

Performance 

Goals: 

 

Defining 

laboratory 

proficiency 
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ISO17043 Appendix A1 

• Three basic types of laboratory examinations 

 

– Quantitative measurement: interval or a ratio scale. 

 

– Qualitative tests: ordinal or categorical scale 

 

– Interpretive tests concerning participant's interpretive 

competence. 
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Target HbA1c = 7.9% 
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Report Comments: Education/EQA 
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CHEM - INTERPRETIVE 
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Performance Criteria: 

• Quantitative 

– Within acceptable performance for bias 

– Within acceptable performance for imprecision 

 

• Categorical 

– If they are identical, then performance is acceptable. 

– If they are not identical, then expert judgement is needed 

to determine if the result is fit for its intended use. 
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OPTIMUM STANDARD 

MINIMUM STANDARD 

QUALITY LEVELS: Categorical 

DESIRABLE 

UNACCEPTABLE 

Good 

Bad 

Excellent 

Poor 

Acceptable 
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TFT’s 

Other 

Hormones 

OGTT 
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DATADATA  

INFORMATIONINFORMATION  

KNOWLEDGEKNOWLEDGE  
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45 y/o man, PSA = 3.2 ug/L 
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Data to Knowledge and Action: 

Pathology: Data Rich, Information Poor? 
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Clinical Decision Making 

Clinical 
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Clinical 
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Clinical 
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HIERARCHICAL APPROACH 

TO POST-ANALYTICAL 

PERFORMANCE CRITERIA 
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Why reference limits? Why flags? 
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23rd November 2014 

AC Milan  1 

Inter Milan   1 

Crowd 75,000 



01/12/14 

20 

A/Prof Ken Sikaris 25th November 2014 

25th April 1999 

Essendon   15.18.108 

Collingwood  15.10.100 

Crowd 73,118 
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Stockholm. 
Sat 24/4/99 – Mon 26/4/99 
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Clinical Biochemist Newsletter 1999;June:26-9. 
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Where we use performance criteria 

• Method Selection 

• Method Validation 

• Method IQC Goals 

• Monitoring across analysers / networks 

• EQA Performance Goals 

 

• Reference Intervals 

• Clinical Decision Limits 
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Stockholm Hierarchy for Analytical Quality 
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Stockholm Hierarchy 

• Model 1: Clinical Outcome 

• Model 2: Clinical Decisions 

– 2(a) Biological Variability 

– 2(b) Clinician Survey 

• Model 3: Professional Recommendations 

– International / Local 

• Model 4: Performance Goals 

– Regulatory / EQA 

• Model 5: State of the Art 
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Hierarchy for Reference Intervals & Decision Limits 
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Stockholm Hierarchy adapted 

• Model 1: Clinical Outcome: Decision Limits, HbA1c 

• Model 2: Clinical Decisions 

– 2(a) Biological Variability Reference Intervals 

– 2(b) Clinician Survey Expert set limits TSH 2.5 mIU/L 

• Model 3: Professional Recommendations 

– International / Local Harmonised Reference Intervals 

• Model 4: Performance Goals 

– Regulatory / EQA Reference Interval Survey 

• Model 5: State of the Art Published Ref Int. 
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Proposed Hierarchy 

• Model 1: Clinical Outcome 

– Outcome Studies 

– Simulation Studies 

– Clinician Survey / Expert Opinion 

• Model 2: Biological Variation 

• Model 3: State of the Art 
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Model 1: Clinical Outcome 
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UK: FSH & LH 

 

32% - In house 

52% - Manufacturer 

16% - Literature 

My accreditation experience: 

1/3rd In-House Study  (staff) 

1/3rd Historical  (can’t remember)  

1/3rd Manufacturer  (+/- validation) 
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Kit Inserts 
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Textbooks 
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CLSI C28-A3 
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RCPAQAP Survey 2013: Potassium 

Vitros Labs 

Low 

High 
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Reference intervals vary much more than results! 
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Germany 

Sonntag O, J Lab Med 2003;28:302-10 

3.3 

3.9 

4.5 

5.6 
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Model 2: Biological Variability 

A/Prof Ken Sikaris 25th November 2014 



01/12/14 

32 

A/Prof Ken Sikaris 25th November 2014 

Biological Variability & Reference Intervals 

Measurement Uncertainty 

Intra-individual Variability 

Inter-individual Variability 

Reference Interval includes [ (CVA)2 +  (CVI)
2 + (CVG)2 ]0.5 

CVA 

CVI 

CVG 

A/Prof Ken Sikaris 25th November 2014 
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From Gowans EM, Hyltoft Petersen P, Blaaberg O, Horder M, “Analytical goals for 
the acceptance of common reference intervals for laboratories throughout a 
geographical area.” Scand J Clin Lab Invest. 1988 Dec;48(8):757-64. 
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Reference Intervals & Biological Variability 

• Ideally personalised limits 

– Reference intervals don’t work if CVI is very small 

 

• Index of Individuality (II) = CVI/CVG 

• Reference intervals most useful when II<0.6 

• Can be improved by limiting CVG 

• Partition reference intervals (physiology) 
– Gender, Children, Adults, Pregnancy, Elderly 

Harris EK. Clin Chem 1974;20:1535-42.  

Petersen PH, Sandberg S, Fraser CG, Goldschmidt H. Clin Chem Lab Med 2001;39:160-5.  

Fraser CG. Clin Chem Lab Med 2004;42:758-64.  
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Children 
ALP 

Creatinine 

Haemoglobin 

ALP 

Ca++ 

HCO3
- 

Menopause 

Pregnancy 

ALP 

Urate 
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Model 1: Clinical Outcome 
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FPG 2hPG HbA1c

Retinopathy – Pima Indians 

FPG 

2hPG 

HbA1c 

FPG FPG 7.0 7.0 mmolmmol/L/L  

2hPG 2hPG 11.1 11.1 mmolmmol/L/L  

HbA1c 6.5%HbA1c 6.5%  Diabetes Care 1997;20:1183–1197 
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Model 1c: Clinician Survey / Expert Opinion 
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Men: <4 ng/L, Women: <3 ng/L 

Men: 4-5 ng/L, Women: 3-4 ng/L 

Men: 6-9 ng/L, Women: 5-7 ng/L 

Men: >9 ng/L, Women: >7 ng/L 
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AACB Harmonised Reference Interval Consensus 
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Analyte Male Female 

Sodium 135 – 145 mmol/L  

Potassium (serum) 3.5 – 5.2 mmol/L 

Chloride 95 – 110 mmol/L 

Bicarbonate 22 – 32 mmol/L 

Creatinine 60 – 110 umol/L 45 – 90 umol/L 

Calcium 2.10 – 2.60 mmol/L 

Calcium (albumin adjusted) 2.10 – 2.60 mmol/L 

Phosphate 0.75 – 1.50 mmol/L 

Magnesium 0.7 – 1.1 mmol/L 

LD  [L to P] (IFCC)  120 – 250 U/L 

ALP 30 – 110 U/L 

AST* <40 U/L <35 U/L 

ALT* <40 U/L <30 U/L 

Total Protein 60 – 80 g/L 

Australasian Harmonised Reference Intervals 
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Primary role of reference intervals 

• Initially use reference interval 

– We don’t know what this patients result should be 

– Compare this first result to similar people 

• Subsequently use previous result as baseline 

– What is a significant change? 
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Significant Change: Biological 
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Post-analytical: Significant Change 

• Clinical Outcome 

• Biological Variation 

• State of the Art 
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Significant Change 

INITIAL FINAL 

2.77 SD 
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Significant Change: Biological Variability 

• Analyte  CVA  CVI  RCV 

 

• Albumin  0.8%  3.1%  8.6%  

• ALP  1.4%  6.4%  18.1%  

• Bilirubin  1.0%  25.6% 70.9%  

• ALT  0.9%  24.3% 67.3%  

• AST  1.1%  11.9% 33.2% 

  

 

Significant Change: Biological 
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Significant Change: Clinician Survey 
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Change in Plasma Sodium Associated with Mortality. 
Guerin MD, Martin AL, Sikaris KA, Clin Chem 1992;38:317 

Significant Change: Outcome 
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Post-analytical: Critical Limits  

• Clinical Outcome 

• Biological Variation 

• State of the Art 
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When to panic over an abnormal result. 
George D Lundberg, Med Lab Obs 1972; 
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Survey of laboratory ‘critical limits’. 
Tillman & Barth Ann Clin Biochem 2003;40:181-184. 

• No consensus in UK 

– All labs have common tests 

• Na, K, Glu, (Ca) 

– Wide variation in common tests 

• Na 147 – 170, K 5.5 – 7.0 

– Similar to previous US reports. 

– Universal standards could be agreed. 
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Laboratory Critical Values. 
Arch Pathol Lab Med 2002;126:663-669. 

SOURCE OF CRITICAL LIST 

• 20% Literature only 

• 36% Literature & Laboratory meeting 

• 17% Literature & Hospital committee 

• 73% Literature, Laboratory & Medical 
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Critical Limit Survey USA 
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Medical Laboratory Observer 2009;August:6-7 
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Critical Limit Survey: Italy 
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Post-analytical: Critical Limits  

• Clinical Outcome 

• Biological Variation 

• State of the Art 
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Extremes of Biological Variation 
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Glucose 

mmol/L 
SNP 

Fasting 

Fast 

EDTA 

Fast 

Serum 

SNP 

Random 

Random 

Serum 

AM 

 EDTA 

PM 

EDTA 

PM 

Serum 

<7.0 1:1 1:1 1:1 1:1 1:1 1:1 1:1 1:1 

7-9.9 1:7 1:11 1:10 1:4 1:7 1:8 1:5 

10-11.0 - 1:38 1:38 1:13 1:19 1:24 1:16 

11.1-14.9 1:27 1:57 1:58 1:25 1:19 1:27 1:33 1:23 

15-19.9 1:120 1:204 1:197 1:71 1:49 1:78 1:79 1:53 

20-24.9 1:672 1:1480 1:1192 1:250 1:169 1:289 1:246 1:132 

25-29.9 1:3816 1:6504 1:5300 1:772 1:454 1:1030 1:719 1:280 

30-34.9 1:14055 1:22041 1:23849 1:2109 1:1060 1:2376 1:2073 1:470 

35-39.9 1:32015 1:56676 1:23849 1:4385 1:2473 1:7723 1:4405 1:778 

>=40 1:57627 1:132244 n/a 1:10142 1:5564 1:10297 1:7047 1:1660 

Abnormal Glucose Frequency 

1:1000 Random Glucose > 25.0 mmol/L 

1:1000 Fasting Glucose > 20.0 mmol/L 
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Post-analytical: Critical Limits  

• Clinical Outcome 

• Biological Variation 

• State of the Art 
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Sonic Critical Limits 

1.1. Clinical OutcomeClinical Outcome  

(c) Expert Opinions(c) Expert Opinions  
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1. Clinical Outcome 

(c) Clinician Survey 

  61-79% clinician agreement 
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Change in Plasma Sodium Associated with Mortality. 
Guerin MD, Martin AL, Sikaris KA, Clin Chem 1992;38:317 

1. Clinical Outcome 

(a) Outcome studies 
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1. Clinical Outcome 

(a) Outcome 
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Sikaris KA, Martin A, Guerin MD, Clin.Biochem.Rev. 1991;12:81 

1. Clinical Outcome 

(a) Outcome 
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ALBUMIN & MORTALITY 
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Survey of laboratory ‘critical limits’. 
Tillman & Barth Ann Clin Biochem 2003;40:181-184. 

• Do clinicians respond? 

– Ca++ 

• >3.0 mmol/L: 

– immediate change in management 

– Albumin 

• Never changes management 

–(8 labs quote a critical limit) 
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Where are performance criteria relevant? 
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