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What Is SixWhat Is Six Sigma?Sigma?What Is Six What Is Six Sigma?Sigma?

In the businessIn the business worldworldIn the business In the business worldworld
Six Six Sigma is a management strategy that Sigma is a management strategy that 
seeks to improve the quality of processseeks to improve the quality of processseeks to improve the quality of process seeks to improve the quality of process 
outputs by identifying and removing the outputs by identifying and removing the 
causes of defects (errors) and minimizingcauses of defects (errors) and minimizingcauses of defects (errors) and minimizing causes of defects (errors) and minimizing 
variability in manufacturing and business variability in manufacturing and business 
processesprocessesprocessesprocesses..



What Is SixWhat Is Six Sigma?Sigma?What Is Six What Is Six Sigma?Sigma?

InIn thethe laboratorylaboratoryIn In the the laboratorylaboratory
Six Six Sigma is a Sigma is a quality management quality management strategystrategy
th t k tth t k t ii lit blit bthat seeks to that seeks to improve assay improve assay quality byquality by
identifying biased identifying biased and/or imprecise assaysand/or imprecise assays
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Sigma of a ProcessSigma of a ProcessSigma of a ProcessSigma of a Process

A process sigma represents the capability of a process
to meet (or exceed) the process requirementsto meet (or exceed) the process requirements. 
It reflects the number of defects (errors) per million 
opportunities (DPMO).pp ( )
The sigma refers to the number of SDs from the mean a 
process can be before it is outside the acceptable limits. 
E g if sodium has six sigma performance then the meanE.g. if sodium has six sigma performance, then the mean 
could shift by six SDs and till meet the laboratory 
requirements.
A 6 sigma process has narrow process SD and 
produces only 3 errors for every million tests. A 3 sigma
process has much wider SD and produces about 69 000process has much wider SD and produces about 69,000 
errors per million tests.
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Sigma metrics as a quality Sigma metrics as a quality 
indicatorindicator

Errors (DPMO)Errors (%)Sigma
691462691
308538312
668076.73
62100 624 62100.624
2330.0235
3.40.0000346

0.190.00000197



Sigma metrics as a quality Sigma metrics as a quality 
indicatorindicator

Misspelled WordErrors (DPMO)Errors (%)Sigma

170 per page691462691

25 per page308538312

1.5 per page668076.73

1 h t62100 624 1 per chapter62100.624

1 in a set books2330.0235

1 in books contained 3.40.0000346
in a small library

1 in books contained
in a several large 

0.190.00000197

libraries



In health care organization a defect rate of 0.033% (333 g (
DPMO) is considered excellent, where error rates from 
1% to 5% are often considered acceptable. 
A 5 0% (50000 DPMO) t d t 3 15A 5.0% (50000 DPMO) error rate corresponds to 3.15 
sigma performance and 1.0% error rate corresponds to 
3.85 sigma. 
Six sigma shows that the goal should be error rate of 
0.1% (4.6 sigma) to 0.01% or 100 DPMO (5.2 sigma) 
and ultimately 0 001% (5 8 sigma)and ultimately 0.001% (5.8 sigma).



Decision Making About Decision Making About 
Method Evaluation ResultsMethod Evaluation Results



Sigma DeterminationSigma DeterminationSigma DeterminationSigma Determination

Any process can be evaluated byAny process can be evaluated byAny process can be evaluated by Any process can be evaluated by 
determining how many determining how many sigmassigmas fit within fit within 
the tolerance limitsthe tolerance limitsthe tolerance limitsthe tolerance limits
There are two methods for assessing There are two methods for assessing 
process performance in terms of sigmaprocess performance in terms of sigmaprocess performance in terms of sigma process performance in terms of sigma 
metric:metric:
11) M i t b i ti) M i t b i ti11)  Measuring outcome by inspection)  Measuring outcome by inspection
22)  Measuring variation of Process)  Measuring variation of Process



Measuring OutcomeMeasuring Outcome
For PreFor Pre--analytical and Postanalytical and Post--analytical Errorsanalytical Errors

Inspect Outcomes andInspect Outcomes andInspect Outcomes and Inspect Outcomes and 
Count DefectsCount Defects

C l l t DPMOC l l t DPMOCalculate  DPMOCalculate  DPMO

Convert DPMO to Convert DPMO to 
Sigma MetricSigma Metric



http://www westgard com/cliafinalrulehttp://www westgard com/cliafinalrule99 htmhtmhttp://www.westgard.com/cliafinalrulehttp://www.westgard.com/cliafinalrule99.htm.htm







Sigma Sigma Value of ErrorsValue of Errors
from Table from Table 

Errors (DPMO)Errors (%)Sigma
691462691
308538312
668076.73
62100 624 62100.624
2330.0235
3.40.0000346

0.190.00000197



Measuring VariationMeasuring Variation
For For Analytical ErrorsAnalytical Errors

Determine Determine TEaTEa%, %, 
Bias% And CV%Bias% And CV%

Of ProcessOf Process

Calculate Sigma Calculate Sigma 
Process CapabilityProcess Capability



The application of sigma metrics forThe application of sigma metrics for 
assessing analytical performance uses the 
variable obtained during method validationvariable obtained during method validation 
studies, like accuracy, precision, 
sensitivity specificity parameters and thatsensitivity, specificity parameters and that 
available from internal and external quality 
control processescontrol processes.



DDDD
In the laboratory sigma performance of the method can y g p
be determined from imprecision: SD or CV and 
inaccuracy (bias) observed for a method and quality 
requirement (allowable total error TE ) for the testrequirement (allowable total error, TEa) for the test.

Sigma = (TEa – bias) / SDSigma  (TEa bias) / SD

Sigma metric from 6.0 to 3.0 represents the range from 
best case to worst case respectively. Methods with 
sigma performance less than 3 are not considered 
acceptable for production.acceptable for production.







Examples of Calculating Sigma MetricExamples of Calculating Sigma MetricExamples of Calculating Sigma Metric Examples of Calculating Sigma Metric 
According to According to TEaTEa%, Bias% and CV%%, Bias% and CV%

SigmaCV%Bias%TEa%Analyte
3.81.73.510Glucose
1 53 14 29Urea 1.53.14.29Urea
9.70.96.315Creatinine
8.52.62.925Triglyceride



Laboratory ErrorsLaboratory ErrorsLaboratory  ErrorsLaboratory  Errors

PrePre--analyticalanalytical

A l ti lA l ti lAnalyticalAnalytical

P tP t l ti ll ti lPostPost--analyticalanalytical



Total Testing ProcessTotal Testing ProcessTotal Testing ProcessTotal Testing Process

PrePre--analyticalanalytical PrePre--prepre--analyticalanalytical

A l ti lA l ti lAnalyticalAnalytical

P tP t l ti ll ti l P tP t tt l ti ll ti lPostPost--analyticalanalytical PostPost--postpost--analyticalanalytical



Lean MethodologyLean MethodologyLean MethodologyLean Methodology

LeanLean is a methodology used tois a methodology used to accelerateaccelerateLean Lean is a methodology used to is a methodology used to accelerate accelerate 
the the velocityvelocity and and reduce the costreduce the cost of of any any 
processprocess (e g laboratory workflow analysis(e g laboratory workflow analysis))process process (e.g. laboratory workflow analysis(e.g. laboratory workflow analysis) ) 
by by removing wasteremoving waste (non(non--value added value added 
activities)activities)activities)activities)



Lean MethodologyLean Methodology
(Reducing and Eliminating Wastes)(Reducing and Eliminating Wastes)

Less SpaceLess Space
L C it lL C it lLess CapitalLess Capital
Less TimeLess Time
Less human effortLess human effort



Combination of Lean and Six SigmaCombination of Lean and Six Sigmagg
Do it right the first Do it right the first timetime

Although Six Sigma and Lean concept Although Six Sigma and Lean concept 
look somewhat different each approachlook somewhat different each approachlook somewhat different, each approach look somewhat different, each approach 
offers different advantages and they do offers different advantages and they do 
complement each othercomplement each othercomplement each othercomplement each other
11) ) Six SigmaSix Sigma principles Make principles Make work betterwork better
22) ) LeanLean principles making principles making work fasterwork faster



Percent Of Data Reported CorrectlyPercent Of Data Reported CorrectlyPercent Of Data Reported Correctly Percent Of Data Reported Correctly 
at Given Performance ( at Given Performance ( σσ ))

No. of 3σ 4σ 5σ 6 σ
Stages

1 93.3% 99.38% 99.977% 99.9999%
3 87.7% 98.16% 99.931% 99.9953%
4 77.4% 97.56% 99.908% 99.9930%
7 61.6% 95.73% 99.839% 99.9976%
10 50 1% 93 96% 99 768% 99 9966%10 50.1% 93.96% 99.768% 99.9966%
20 25.1% 88.29% 99.536% 99.9932%



Define
(D)

Control
(C)

( )

Measure
(C) (M)

Quality Improvement 
by DMAIC

Analysis
(A)Improve

(I) ( )(I)




