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 Six Sigma is a set of techniques and tools for process improvement. 

 

  It was introduced by engineer Bill Smith while working at Motorola in 1986 

 

 It seeks to improve the quality of the output of a process by identifying and 

removing the causes of defects and minimizing variability in manufacturing 

and business processes 

https://en.wikipedia.org/wiki/Bill_Smith_(Motorola_engineer)
https://en.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/Statistical_dispersion
https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Business_process


 A six sigma process is one in which 99.99966% of all opportunities to produce 

some feature of a part are statistically expected to be free of defects  

 

 3.4 defective features per million opportunities 





Sigma Metric 

• Industries outside of healthcare:  
 

       – 3 sigma is considered the minimal     acceptable performance for a process  

      – < 3 sigma, the process is considered to be essentially unstable and 
unacceptable  

 

• In healthcare: 
 

 – The sigma performance of common processes are less well known 



Practical Applications of SIGMA metrics 

in the Laboratory 

  Evaluating manufacturer‘s performance claims 

 

  Support in decision making when purchasing new analytical system  

 

  Method Validation: Validating method performance of new analytical systems 

 

  Ongoing assessment of method quality: Monitoring of method quality 
throughout lifetime of an analytical system  

 

  QC Planning: Selection of appropriate QC rules/ procedures based on the 
quality of method  





Given conditions: achieving > 6-Sigma 

performance or highest performance 

among competitors:  

 

 

– Abbott: 6 of 8 analytes 

 – Beckman: 4 of 7 analytes  

– Ortho: 3 of 7 analytes  

– Roche: 3 of 8 analytes  

– ThermoFisher: 3 of 8 analytes 

 – Siemens: 2 of 8 analytes 



Sigma metric calculation 



For a cholesterol test, the CLIA allowable 

total error is 10%. 

 
 A method having a CV of 2.0% and a bias of 2.0% would give a process Sigma-

metric of 4.0 [(10-2)/2] 

 

 A method with a 3% CV and a 1.0% bias would be a 3.0 sigma process [(10-

1)/3] 

 

 A method with a 2% CV and no bias would be a 5.0 sigma process [10/2] 

 

 It would take a CV of 1.7% and no bias to achieve 6.0 sigma performance 

[10/6] 

 













analyte TEa CV Bias sigma 

glucose 10 2.3 2 3.48 

creatinine 15 1.6 3.4 7.25 

A1c 6 1.1 0.34 5.15 



Calculation of Process Sigma Metrics 

 

 To determine the Sigma metrics for processes in your laboratory, the following 
information is needed: 

 

1. The quality required for the test, e.g., the CLIA allowable total error criterion 
for acceptability in proficiency testing. 

 

2. The imprecision of the method, e.g., the standard deviation or coefficient of 
variation calculated from a replication experiment or from routine QC data. 

 

3. The inaccuracy of the method, e.g., the bias determined from a comparison of 
methods validation experiment or the average difference of proficiency testing 
specimens from a comparison group. 

 



Defining Quality Requirement  

 

 The tolerance limits must be defined.  

 

  In the clinical laboratory, the quality required by an analytical testing 

process must be defined. 

 

 TEa is a well-accepted concept in healthcare laboratories, as a model that 

combines both the imprecision and the inaccuracy (bias) of a method to 

calculate the total impact on a test result 



Where can we find a Quality 

Requirement ? 



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 



CLIA 2019 TEa, Biochemistry 
Analyte or Test NEW Criteria for AP OLD AP 

Alanine aminotransferase 

(ALT/SGPT) 
TV ± 15% TV ± 20% 

Albumin TV ± 8% TV ± 10% 

Alkaline Phosphatase TV ± 20% TV ± 30% 

Amylase TV ± 10% TV ± 30% 

Bilirubin, total TV ±20% TV  ± 20% or 0.4 mg/dL (greater) 

Blood gas pCO2 TV ± 5mm Hg or ± 8% (greater) Same 

Blood gas pO2 TV ± 15 mm Hg or ± 15% (greater) TV ± 3SD 

Blood gas pH TV ± 0.04 Same 

B-natriuretic peptide (BNP) TV ± 30% None 

Pro B-natriuetic peptide (proBNP) T ± 30% None 

Calcium, total TV ± 1.0 mg/dL Same 

Carbon dioxide TV ± 20% None 

Chloride TV ± 5% Same 

Cholesterol, total TV ± 10% Same 

Cholesterol, high density liprotein TV ± 20% TV ± 30% 



Cholesterol, low density 

lipoprotein (direct) 
TV ± 20% None 

Creatine kinase (CK) TV ± 20% TV ± 30% 

CK-MB isoenzymes 
MB elevated (presence or 

absence) 
Same 

  or TV ± 25% (greater) or TV ± 3SD 

Creatinine 
TV ± 0.2 mg/dL or ± 10% 

(greater) 

TV ± 0.2 mg/dL or ± 15% 

(greater) 

Ferritin TV ± 20% None 

Gamma glutamyl transferase TV ± 5 U/L or ±15% (greater) None 

Glucose (excluding FDA home 

use) 
TV ± 8% TV ± 6 mg/dL or ± 10% (greater) 

Hemoglobin A1c TV ± 10% None 

Iron, total TV ± 15% TV ± 20% 

Lactate dehydrogenase (LDH) TV ± 15% TV ± 20% 

Magnesium TV ± 15% TV ± 25% 

Phosphorus TV ± 0.3 mg/dL or 10% (greater) None 

Potassium TV ± 0.3 mmol/L TV ± 0.5 mmol/L 

Prostate Specific Antigen, total TV ± 0.2 ng/dL or 20% (greater) None 



Sodium TV ± 4 mmol/L Same 

Total Iron Binding Capacity 

(direct) 
TV ± 20% None 

Total Protein TV ± 8% TV ± 10% 

Triglycerides TV ± 15% TV ± 25% 

Troponin I 
TV ± 0.9 ng/mL or 30% 

(greater) 
None 

Troponin T 
TV ± 0.2 ng/ML or 30% 

(greater) 
None 

Urea Nitrogen 
TV ± 2 mg/dL or ± 9% 

(greater) 
Same 

Uric Acid TV ± 10% TV ± 17% 



CLSI 2019, hematology 

Analyte or Test NEW Criteria for AP OLD AP 

Cell identification 80% or greater consensus 90% or greater consensus 

White blood cell 

differential 
TV ± 3 SD Same 

Erythrocyte count TV ± 4% TV ± 6%  

Hematocrit TV ± 4% TV ± 6% 

Hemoglobin TV ± 4% TV ± 7% 

Leukocyte count TV ± 5% TV ± 15% 

Platelet count TV ± 25% Same 

Fibrinogen TV ± 20% Same 

Partial thromboplastin time TV ± 15% Same 

Prothrombin time TV ± 15% Same 



Assess Method 

Performance (Bias and 

Precision)  



The Best Estimate for Bias 



The Best Estimate for Imprecision 



Operating Specifications (OPSpecs) chart 





Implementing  

sigma metric in westgard rules 



Westgard rules 

 12s: 1 QC result out of ±2SD  warning 

 22s: 2 consecutive QC results out of ±2SD reject (systematic error) 

 13s: 1 QC result out of ±3SDreject (systematic or random error) 

 R4s: one QC out of +2SD and the other out of −2SDreject(random error) 

 41s: 4 consecutive  QC results  out of +1SD or -1SDreject (systematic error) 

 8x: 8 consecutive QC results fall upper or lower the meanreject(systematic 

error) 































 like the Westgard Rules diagram except there is no 2 SD warning rule.  

 

 but the most important change is the Sigma-scale at the bottom of the 

diagram. 

 

  That scale provides guidance for which rules should be applied based on the 

sigma quality determined in your laboratory. 



 6-sigma quality requires only a single control rule, 13s, with 2 control 

measurements in each run one on each level of control.  

 

 The notation N=2 R=1 indicates that 2 control measurements are needed in a 

single run.  





 5-sigma quality requires 3 rules, 13s/22s/R4s, with 2 control measurements in 

each run (N=2, R=1). 





 4-sigma quality requires addition of a 4th rule and implementation of a 

13s/22s/R4s/41s multirole, preferably with 4 control measurements in each run 

(N=4, R=1), or alternatively, 2 control measurements in each of 2 runs (N=2, 

R=2) 





 <4-sigma quality requires a multirule procedure that includes the 8x rule, 

which can be implemented with 4 control measurements in each of 2 runs 

(N=4, R=2) or alternatively with 2 control measurements in each of 4 runs 

(N=2, N=4).  

 

 The first option suggests dividing a days’ work into 2 runs with 4 control 

measurements per run, whereas the second option suggests dividing a day’s 

work into 4 runs and monitoring each with 2 controls. 





Process Sigma Performance vs Quality 

Control 

 
 Power function graphs 

  power function graph displays the rejection characteristics for different 

control rules and different numbers of control measurements (N). 

 

  The Y-axis shows the probability for rejection and the X-axis shows the size 

of analytical error, in this case, systematic error.  

 

 Note that all the power curves are "s-shaped" and provide only low detection 

of small errors. As the size of the error increases, the probability of 

detecting that error also increases. 

 



Power function graph 



 Each "power curve" on the graph corresponds to a specific set of rules and N, which are 
identified in the key on the right side 

 

  the lowest curve is identified by the bottom line in the key as a single rule having 3.5s 
control limits and 2 control measurements per run 

 

  the highest curve is identified by the top line in the key as a multirule procedure with 6 
control measurements per run. 

 

  The sensitivity of a QC procedure is seen to depend on the specific control rules and the 
number of control measurements. 

 

  The highest sensitivity is achieved with use of multiple control rules, or "multirule QC", 
and the highest number of control measurements. 

 



Power function graph 

When N=2, the error detection 

available from a 13s control rule is 

shown by the bottom power curve.  

 

The increase in power from adding the 

22s and R4s rules is shown by the second 

curve from the bottom.  

 

Use of the 41s rule to "look-back" over 

two consecutive runs provides 

additional detection of persistent 

systematic errors, as shown by the 

next to the top curve ( for N=2, R=2).  

 

This can be further increased when the 

10x is used to look-back over five 

consecutive runs (top curve, R=5). 

 



Power function graph and sigma metrics 



 The vertical lines identify methods having different performance on the 

sigma scale, as shown at the top of the graph.  

 

 These lines correspond (from left to right) to 3-sigma, 4-sigma, 5-sigma, and 

6-sigma processes. 

 

  Notice that the intersections of these lines on the bottom scale identifies 

the sizes of the analytical error that must be detected to assure the desired 

quality is achieved 



Power function graph and sigma metrics 

the red line (furthest left solid line) 

corresponds to a situation where the 

medically important systematic error is 

approximately 1.35 times the method 

standard deviation, 

 

the orange line represents an error that is 

2.35 times the method standard deviation, 

 

 the yellow line represents 3.35 times the 

method standard deviation,  

 

 green line (actually off-scale) represents 

4.45 times the method standard deviation 

 



 For a method having 6-sigma performance, as shown by the green dotted line 

furthest to the right,  

 

 all the power curves are approaching their maximums, or a probability of 

1.00.  

 Any or all of these QC procedures would provide nearly 100% detection of 

medically important errors. 

 

  For practical guidance in selecting QC procedure, we commonly set an 

objective of 90% error detection and 5% or less false rejection. The false 

rejections expected are given by the y-intercepts of the power curves. 



the relationship between the sigma metrics for process 

performance and the control rules and numbers of 

control measurements needed.  

 

 

 This relationship is inverse, i.e., as the reliability of statistical QC increases, the need for 
analytical skills and experience decrease 

 

 As the observed process sigma gets larger, the reliability of statistical QC increases. 

 

  As the observed process sigma gets smaller, the need for analytical skills and 
experience increases. QC becomes more difficult, requiring multirules instead of single 
rules and requiring more and more control measurements per run. 

 

 For a 3-sigma process, even a multirule procedure with an N of 6 provides only 
borderline performance. The sensitivity of the QC procedure is very limited and can not by 
itself guarantee the detection of errors that would compromise the quality of the test 
results. 



QC "Rules of Thumb" 

 







Automation and Expected Process Sigmas 

 

 A quick and approximate assessment of the expected performance of a 

process can be made on the basis of its level of automation and 

computerization.  

 

 As shown in the figure, manual and 1st generation automation will tend to 

perform at the 3-sigma level or lower, 

 

 2nd and 3rd generation systems will be about 4-sigma, and 4th to 6th 

generation systems will show 5-sigma performance or greater. 





 For example, the current high volume chemistry and hematology analyzers 

should perform at 5-sigma or better, which means they can be monitored 

very effectively by simple statistical QC procedures.  

 

 Immunoassays systems tend to be in the middle generations of automation 

and require more QC measurements and more complicated multi-rule 

procedures. 

 

  Highly specialized assays that are performed manually or are in the early 

stages of automation generally require more QC than anyone does, or can 

afford to do. 



Staffing Strategies 

 

 You can most readily rotate staff among processes that have sigma metrics of 

5 and greater. 

 

  

 You will be able to efficiently monitor quality by the use of statistical QC. 

You can design the QC procedure to detect medically important problems and 

alert operators to those problems. 

 

  These operators require some basic QC training, but do not need a lot 

expertise or experience in analytical quality management. This strategy 

should be effective in highly automated core laboratories. 



4 sigma performance 

 Processes with 4 sigma performance require analysts with more skill and 

experience. 

 

  They need to be well trained in statistical QC and should be comfortable in 

dealing with method performance evaluation and data analysis. 

 

  Laboratories that perform specialized testing in chemistry, hematology, 

etc fall into this category. 

   



≤ 3 sigma performance 

 Processes having 3 sigma performance or less require highly skilled and 
experienced analysts. 

 

  These analysts should be selected on the basis of an extensive experience 
with the analytical methods and instrument systems that are being utilized.  

 

 They should also have an in-depth background in analytical quality 
management, including statistical QC, method validation, and quality-
planning.  

 

 Laboratories dealing with emerging technology, such as molecular 
diagnostics, fall into this category. 

 

 



Performance QC Recommendation 

6-sigma 

can be monitored with any of these 

QC procedures, but a 13.5s control rule 

and 2 or 3 control measurements per 

run will be the least costly. 

5-sigma 

can be monitored with a 13s control 

rule or multirule procedures having 2 

or 3 control measurements per run. 

4-sigma 

should be monitored with a multirule 

procedure having at least 4 control 

measurement per run. 

3-sigma 

should be monitored with a multirule 

procedures having at least 6 control 

measurements per run. 



Summery  



Practical Implementation 

1. Measuring Sigma Metric in Analytical Quality  

2. Define Quality Requirement for assay  

3.  Calculate imprecision ( Replication experiment for imprecision. Minimum of 

20 samples over 20 days) 

4.  Calculate bias assay, method or instrument. (Data from ongoing QC results 

or PT surveys) 

5.   Calculate Sigma Metric using: Sigma metric = (TEa – bias observed) / CV 

observed  

6. Plotting Operating Specifications chart (OPSpecs) as QC design tools and 

analyze to customize and optimize QC Design 



7. Setting QC Rule and Number Control  

8. Estimation of Quality Cost of Quality Design 

9.Monitoring and Evaluate QC Program  

10.Improvement 



Thank you  


