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Goals of this presentation 
• The Ugly  What’s the typical QC in labs?  

 
• The Bad  Are our assays fit for purpose?  

 
• The Good  

 How do we redesign our testing to do the Right QC Right - 
 AND save time, effort and money? 
 

• Tools for Assessment, Assurance and Optimization 
– Sigma-metric Equation 
– Method Decision Chart 
– OPSpecs Chart 



Disclosure: Know your Westgards 

“a” Westgard 
 
•20+ years at 
Westgard QC 
•Publishing 
•Web 
•Blog 
•course portal 

“The” Westgard 
 
•40+ years at the 
University of 
Wisconsin 
•“Westgard Rules” 
•Method Validation 
•Critical-Error graphs 
•OPSpecs 
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Brief Overview of Westgard Web 

Website: 
>34,000 members 
>3 million views 
>450+ essays,  
guest essays, 
lessons, 
QC applications, 
reference resources 

Course Portal: 
Training in QC, Method Validation, 
Risk Analysis, Quality Management 

Blog: 
>250 Short articles 
Q&A 



How do labs really perform QC? 

• A 2011 survey of IQC of 86 labs in the UK 
 

• Multiple answers allowed, since different tests 
will have different practices in the same lab 
 

• Special thanks to David Housley 
 
 



What rules do labs use? 

• 89.5% use the same QC 
procedure for all analytes 
 

• 55.3% use single 2 SD rules 



What control limits do labs use? 

• 56% use manufacturer 
derived ranges to set control 
limits 
 

• 81.3% use peer group or EQA 
data to set control limits 



How do labs trouble-shoot? 

• 82.6% repeat the control 
on failed QC flag 
 

• 84.9% run a new control 
 

• 93.7% re-calibrate, then 
re-run the control 

 



How often are labs letting errors 
out the door? 

• How often is out of control (non-ideal) IQC 
accepted (eg in order to ensure work is 
completed) ? 84 labs 
 
Daily 6  
Weekly 6 
Monthly 2 
Rarely 46 
Never 22 
Other  4 

1 in 6 labs regularly 
ignore QC outliers 



Is “Quality Compliance” the 
problem, rather than the cure? 

• We’re doing the right thing wrong 
 
– Corrupting our QC system 

 
– Corroding our trust in QC  

 
– Compromising test results 

 
– Trapping Cash 

 
 

 
 



When you use the manufacturer recommended 
SD, problems aren’t as obvious 

• All data within 2 SD. Too good to be true? 
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When our QC isn’t working, what happens? 
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Clinical 
consequences of 
erroneous 
laboratory 
results that went 
unnoticed for 10 
days 
Tse Ping Loh, Lennie Chua 
Lee, Sunil Kumar Sethi et al. 
J Clin Pathol March 2013, Vol 
166, No.3 260-261 

• 1 test error 
 

• 5 tests in error 
 

• 63 results in error 
 



Would the right QC have caught 
the error? 

• 49 patients affected (IGF, ATG, ATPO, GH, ACTH) 

– 4 procedures ordered erroneously (including a CT Scan) 
– 7 patients ordered for retesting 
– 6 misdiagnoses 

13 
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Turns out, bad QC in one lab 
wasn’t the only problem… 

For 2 YEARS, Mayo Clinic: about 5% of all IGF-1 
tests were false positives.  
“If the Mayo Clinic observations are generalized, a 
laboratory performing 1000 IGF-1 tests/month 
would be expected to generate around 50 false-
positive results each month. Some of these can be 
expected to lead to follow-up appointments or 
further testing and, ultimately, increased financial 
burden and anxiety for patients.” 
 
UVA: 8-month period in 2011, “20 abnormally high 
IGF-1 results in 17 patients that did not agree with 
clinical findings. In 17 of the 20 samples, the IGF-1 
concentrations measured by a mass spectrometric 
method were within reference intervals. In 7 of the 
patients, expensive growth hormone suppression 
tests were done; the results were within reference 
intervals in 6, with the result in the seventh 
nondiagnostic.” 
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Goals of this presentation 
• The Ugly:  Are we doing the right QC? 

 

• The Bad:  Are our assays fit for purpose?  
 

• The Good  
 Can we redesign our testing to do the Right QC Right - 
 AND save time, effort and money? 
 

• Tools for Assessment, Assurance and Optimization 
– Sigma-metric Equation 
– Method Decision Chart 
– OPSpecs Chart 



What about our HbA1c methods? 

See also the 12-part series 
 http://www.westgard.com/hba1c-methods.htm 

“A manufacturer NGSP 
certification does not 
guarantee accuracy of a 
result produced in the 
field. We often observed 
significant differences 
between lots of reagents 
in this study.” 
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“A rose is a rose is a rose” 
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But, is a GHb a HbA1c is 
a NGSP certified HbA1c? 



In the Real World! 
HbA1c – A case study 

• Hemoglobin A1c example 
– E Lenters-Westra, RJ Slingerland. Six of Eight 

Hemoglobin A1c Point-of-Care Instruments Do 
Not Meet the General Accepted Analytical 
Performance Criteria. Clin Chem 2010;56:44-52. 

– DE Bruns, JC Boyd. Few Point-of-Care Hemoglobin 
A1c Assay Methods Meet Clinical Needs.  Clin 
Chem 2010;56:4-6. 
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“A Teaching Moment!” 

• Real World Learning 
– Series of 10 web lessons related to POC HbA1c 

• Abstract, analysis 
• Quality requirements (Bruns and Boyd) 
• Validation experiments (Lenters) 
• Statistical data analysis 
• Method Decision Chart 
• Performance on PT surveys 

– http://westgard.com/hba1c-methods-
part11/print.htm 
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http://westgard.com/hba1c-methods-part11/print.htm
http://westgard.com/hba1c-methods-part11/print.htm


How good is good enough? 
• Diagnostic criterion is 6.5 %Hb 

– 5.7-6.4 gray zone, pre-diabetic 

• Treatment criteria of Δ0.5 %Hb (@7%Hb) 
• CAP 2011 PT criterion = 7% (8% 2010) 
• NGSP criterion for agreement ± 0.75 %Hb 
• Maximum CV of 3%, desirable CV of 2% 
• Maximum bias to prevent misclassification  

– 0.1 %Hb at 6.5 %Hb is 1.5% bias 
– 0.2 %Hb at 6.5 %Hb is 3.0% bias 

20 



Bruns & Boyd 
Effect of Bias on Classification 
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Precision results  
from Lenters Study 

Lenters-Westra E, Slingerland RJ. Six of Eight Hemoglobin 
A1c Point-of-Care Instruments Do Not Meet the General 
Accepted Analytical Performance Criteria. Clin Chem 
2010;56:44-52. 
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Accuracy results - Comparison with 
avg of 3 reference methods 

23 
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2010: 6 out of 8 HbA1c Devices 

24 



Unfortunately, we are great at Reporting Results  
(but not so good at assuring their quality or efficiency) 
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“21.8% of the 
laboratories using 
different HbA1c 
methods are not able 
to distinguish an 
HbA1c result of 
[7.5%] from a 
previous HbA1c 
result of [7.0%].” 
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Why can’t we assume every lab test is good? 

• Isn’t every method on the market a “quality method”? 
 “Conclusion 7-1. The 510(k) clearance process is not 

intended to evaluate the safety and effectiveness of 
medical devices with some exceptions. The 510(k) 
process cannot be transformed into a premarket 
evaluation of safety and effectiveness as long as the 
standard for clearance is substantial equivalence to any 
previously cleared device.” 
Reference.  Institute of Medicine 2011: Medical Devices 
and the Public’s health: the FDA 510(k) Clearance 
Process at 35 years, prepublication copy 



Moving beyond Bad and Ugly 

If we do the right QC 
with the right method,  

we can reduce or eliminate  
all of those wasteful QC practices 

 
How/Where do we start? 
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Where do we go? How do we get there? 
Six Sigma Quality System 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 



Six Sigma – Our use here 
Defines the Shape of the target 

• Defects Per Million (DPM) 
 

• Scale of 0 to 6 (Sigma short-term scale) 
 

• 6 is world class  (3.4 dpm) 
 

• 3 is minimum for any business or 
manufacturing process (66,807 dpm) 
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Sigma Metrics of Common Processes, Healthcare and 
Laboratory Processes 

Sources: Landrigan et al, Temporal Trends in Rates of Patient 
Harm Resulting from Medical Care. NEJM 2010;363:2124-34. 
M Antonia Llopis et al, Quality indicators and specifications for key analytical-
extranalytical processess in the clinical laboratory. CCLM 2011;49(3):463-
470. 
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Six Sigma: 
A slightly more technical view 

-6s -5s -4s -3s -2s -1s  0s  1s  2s  3s  4s  5s  6s 

- TEa + TEa True Value 

+6s should 
fit into spec 

-6s should 
fit into spec 
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Six Sigma  
Outcome of reaching the goal 

• Very few defects 
• Much less rework, work-arounds, and 

wasted effort and resources 
 

• Reduced costs 
• Improved performance and profitability: 

Efficiency and Effectiveness 
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6σ 
5σ 

4σ 
3σ 

Six Sigma: 
Defines the  
Shape 
of the Target 
 
 
(now, how big is the target 
and how do we know if we hit it?) 



Where do we start? Select a Goal 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 



Quality Requirements: 
Where to find them 

Total Allowable Errors (TEa) 
• PT/EQA groups 
• CLIA 
• RCPA 
• Rilibak 
• Biologic Variation Database 

“Ricos Goals” 
• Your Clinical Decision 

Intervals (BEST) 
– Evidence-based Guidelines 
– Clinical Pathways 

35 http://www.westgard.com/biodatabase1.htm 



How good does HbA1c have to be? 

• CLIA:    None given 
• Rilibak (Germany)  18% 
• NGSP 2013   7% 
• CAP PT 2013   6% 
• “Ricos Goal”   4.3% 
• UK MAPS   6.3-7.0% 

36 



What’s next? Select a Method 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 



What method to select? 

38 Clin Lab 2012;58:1171-1177 



Where do we go? How do we get there? 
Six Sigma Quality System 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 
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Three keys to Assess Quality 

• Sigma-metrics (shape of target) 

 
• Quality Requirements (size of target) 

 
• Method Performance Data 
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How do we measure (Six) Sigma performance 
(the arrow)? 

Measure Variation 
 
– Can we measure imprecision (CV)? 

 
– Can we measure inaccuracy (bias)? 
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Sigma metric equation for analytical process 
performance 

Sigma-metric = (TEa – Bias)/CV 

-6s -5s -4s -3s -2s -1s  0s  1s  2s  3s  4s  5s  6s 

- TEa + TEa 

defects 

Bias 

CV 
Tr

ue
 V

al
ue

 



Example Sigma-metric Calculation 

 2 HbA1c POC devices,  
 data from 2011 CCLM study 
 CAP PT criterion for acceptability = 7% 
 Total Precision (CV): 2.66% 
 Bias at 5.17 mmol/L: 2.7% 

 

 Sigma = (7 – 2.7) / 2.66 
= 4.34 / 2.66 
= 1.6 
 

http://www.westgard.com/2012-3-poc-hba1c.htm 
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Display of Sigma-metrics: 

Free download at http://www.westgard.com/downloads/ 



Where can we find imprecision data? 
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Method Between-run CV at 
5.7 % HbA1c 

Between-run CV at 
7.1% HbA1c 

Estimated CV at 
6.5% HbA1c 

A 1.5 0.6 1.05 

B 2.18 1.25 1.715 

C 1.21 1.01 1.11 



Where can we find bias data? 
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Where can we find bias data? 
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Method Bias at  
6.07 % HbA1c 

Bias at  
7.1% HbA1c 

Bias at 
 6.5% HbA1c 

A 0.98 1.32 1.15 

B -2.67 -3.95 -3.31 

C 0.84 4.28 2.56 



What are the Sigma-metrics at 6.5? 

48 

Method Imprecision CV Bias Sigma-metric 

A 1.05 1.15 5.57 

B 1.715 3.31 2.15 

C 1.11 2.56 4.0 

Sigma = (7 – 3.31) / 1.715 
 = 3.69 / 1.715 
 = 2.15 
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2012: 3 Automated HbA1c Methods 



Where do we go? How do we get there? 
Six Sigma Quality System 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 
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Three keys to Assess Quality 

• Sigma-metrics (shape of target) 

 
• Quality Requirements (size of target) 

 
• Method Performance Data (arrow) 

 
Now what do we do?  The Right QC 
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Operating Specifications (OPSpecs) chart:  
Optimizing QC Design 

Free download at http://www.westgard.com/downloads/ 



OPSpecs HbA1c methods 
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Review of essential Six Sigma tools! 
How prepare Method Decision Chart? 

• Define Allowable Total Error 
– HbA1c = 7.0% (2012 CAP TEa criterion) 

• Scale graph  
– Y-axis from 0 to TEa 
– X-axis from 0 to TEa/2 

• Draw lines for TE criteria 
– TE = Bias + M*SD 
If SD=0, then y-intercept = TE;  If Bias=0, then x-
intercept = TE/M 
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How prepare Method Decision Chart? 
HbA1c: CAP TEa=7.0% 



Normalized Method Decision and 
Operating Specifications Charts 

• Scale y-axis 0 to 100% 
– Calculate y-coordinate as Bias/TE 

• Scale x-axis 0 to 50% 
– Calculate x-coordinate as CV/TEa 

• HbA1c example 
– Bias=2.56%, CV=1.11% 
– Y-coordinate would be 2.56/7.0 or 37% 
– X-coordinate would be 1.11/7.0 or 16% 

 



Normalized Chart of Operating 
Specifications (OPSpecs) 
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Sigma Proficiency Assessment 
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Six Sigma Quality System 
Getting Started! 
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(5) Formulate 
“Sigma TQC Strategy”  

(6) Select/Design  
 SQC (rules, N) 

(12) Improve Analytic QC Plan 
[CQI, CAPA] 

(6a) Sigma 
QC Selection Tool 

(8a) QC Tools 

 (7) Develop  
Analytic QC Plan 

(11) Monitor AQCP Failures 
 [FRACAS] (Quality Indicators) 

(8) Implement 
Analytic QC Plan 

 (7a)  Risk Analysis 

(9) Verify Attainment of 
 Intended Quality of Test Results 

(10) Measure Quality 
& Performance (EQA, PT) 

(5a) Sigma 
[(TEa-Bias)/CV] 

(3) Validate Method 
Performance (CV,bias)  

(1) Define Goals for   
Intended Use (TEa, Dint) 

(3a) Manufacturer’s 
Claims 

(1a) Regulatory & 
Accreditation Requirements 

(1b) Clinical and  
Medical Applications 

(2) Select Analytic 
Measurement Procedure (2a) Traceability (2b) Manufacturer’s 

Reference Methods & Materials 

(4b) Pre-analytic and  
Post-analytic Requirements 

(4) Implement Method 
and Analytic System 

(4a) Manufacturer’s 
Installation/Training Services 

Plan 

Do 

Check Act 



What would be the benefits? 
Better efficiency, lower cost 

Cost of 
Quality 

Cost of Good 
Quality 

Appraisal 
Costs 

Prevention 
Costs 

Cost of Poor 
Quality 

Internal 
Failure Costs 

External 
Failure Costs 
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Implications of Sigma-metric analysis:  
Quality Control 

• Dramatic impact of world class performance 
 
– Less QC Effort Needed?  

 
– Fewer, maybe NO, repeated controls 
– Fewer Service Visits or Tech Support Calls 
– Fewer recalibrations, trouble-shooting episodes  
– Better compliance for PT, EQA, etc. 
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How do the savings manifest themselves? 

2011 Leeds Health system 
•9 chemistry analyzers 
•7 immunoassay analyzers 
•71 analytes 
 
50% reduction in recals 
 
70% of analytes 4-6 Sigma 
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http://www.westgard.com/saving-with-six-sigma.htm 

2 hospitals in  
Netherlands: 
Implementing 2006 onward 
 
 
5 tests simulated effect: 
2 SD = 270 rejections 
Redesign = 9 rejections 
 
 
Reduction of 261 “repeats” 
 
Reduction in control mtls 
 
Est. €21,183.04 savings 

How do the savings manifest themselves? 



How do the savings manifest themselves?   

• 2012 AACC poster, Sunway Medical Centre, Thailand 
• Reduced  use of QC and calibrator material by 38% (2011) 
• Savings of over $19,000 USD in 2010 and 2011  (failure costs reduced) 
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Sigma-metric Quality System 
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Dr. Joseph Litten,  
Industry Workshop 
Applications of Sigma-metrics 
 
Estimated Sigma-metrics of 
prospective vendors using 
vendor data and CAP surveys 
 
Calculated actual Sigma-
metrics of analytes  
(30 shown)  



Summary of Sigma Metric Estimations –  
30 Chemistry Tests using CLIA goals 

Sigma Metric 
Vendor >6.0 5.0 4.0 3.0 <3.0 

Vendor 1 53% 20% 13% 13% 0% 

Vendor 2 45% 14% 17% 10% 14% 

Vendor 3 23% 30% 17% 27% 3% 

Vendor 4 30% 13% 13% 30% 13% 

Vendor 5 50% 0% 17% 20% 13% 

Vendor 6 30% 13% 20% 20% 17% 



Valley Health MEDx 
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Valley Health MEDx 
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Dr. Litten: 
 
93% of 
analytes  
were above  
5 Sigma 
 
None were 
below 3 
Sigma 



OPSpecs: Valley Health 
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OPSpecs: Valley Health 
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Savings from Changes in Quality Control Program 

–  Reagent and Supplies 
• Approximately 45% savings in reagents and supplies 

for running controls 
– Chemistry:  $8,000 savings 
– Cardiac Markers:  $55,000 savings 

– Control Material Savings 
• Approximately 45% savings in control material 

– Approximately $10,000 annual savings 
 

 
 



Savings from Changes in Quality Control Program  

• Labor Savings 
– Savings from running QC q12 hour versus q8 hour 

• ~$11,000 per year (1 hour per day) 0.175 FTE 
– Less investigation of QC failures 

• Over 40% fewer QC failures to investigate 
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Conclusion:  

• High Quality is a Triple Win! 
– Easier for the lab 
– Cheaper for the health system 
– Better for the patients 

 
• Assess and Assure with Sigma metrics, MEDx charts 

so you have the right method/instrument 
 

• Optimize QC and performance with OPSpecs charts 
so you have the right QC 
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Merci!  (Questions?) 

MUCH, MUCH MORE  
Can be found online 
At www.westgard.com 
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