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Development of Analytical QC Plan and Quality System Model 

(5) Formulate

“Sigma QC 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

Abbott, 2014



SIGMA ERROR (%) ERROR (dpm)

1 69% 691462

2 31% 308538

3 Minimum 6.7% 66807

4 0.62% 6210

5 0.023% 234

6 World Class 0.00034% 3.4

7 0.0000019% 0.019

SKALA SIX SIGMA*

*Tabel to convert DPM to Sigma



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

Westgard S, 2009



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  KPI

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

Westgard, 2014



Comparison of 

6 Competitors on 8 chemistry analytes

• 20 patient serum samples

• Comparison against reference 
methods or all-method-trimmed-
mean

“Additionally, large laboratory 
effects were observed that 
caused interlaboratory 
differences >30%.”

“There is a need for improvement 
even for simple clinical 
chemistry analytes. In particular, 
the interchangeability of results 
remains jeopardized by assay 
standardization issues and 
individual laboratory effects.”



Sigma evaluation of results

Test Abbott Beckman Ortho Roche Siemens Thermo

Cholesterol 7.67 2.55 3.42 4.25 5.69 3.46

Creatinine 5.7 7.35 5.62 3.58 4.58 5.56

Glucose 4.81 3.96 4.34 5.09 4.71 4.17

HDL 6.56 11.42 11.96 11.29 10.01 10.51

LDL 5.41 n/a n/a 5.16 3.72 4.06

Phosphate 6.67 6.71 0 3.46 4.82 n/a

Uric Acid 6.98 12.09 15.23 5.68 5.2 6.43

Triglycerides 10.43 5.42 14.18 18.15 8.32 8.02

Average Sigma-metric calculated of 3 levels measured

Approximately 10 labs for each instrument

CLIA goals used 



Standardization Conclusion

• 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



How to measure Sigma metric on scale?

Measure 

Outcome

Measure 

Variation

Inspect Outcomes

and Count Defects

Calculate Defect

Per Million (DPM)

Convert DPM

to SIGMA Metric

Measure Variation

(Bias, CV)  

Calculate SIGMA 

SIGMA=(TEa-bias)/CV

Implement 

“Right QC”

Useful for pre- & post-

analytical processes
Useful for analytical 

processes
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Sigma Metrics of Common Processes (US) 

and Laboratory Processes (Italy)

Sources: Quality Indicators in Laboratory Medicine: Experience of a 

Large Laboratory. L. Sciacoelli, A. Aita A. Padoan. M. Plebani, Abstract 

0962, IFCC World Lab Istanbul
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Sigma Metrics of Laboratory Processes (Romania)

Sources: Quality Indicators in the Preanalytical Phase of Testing in a 

Stat Laboratory, Grecu DS, Vlad, DC, Dumitrascu V, Lab Medicine 

Winter 2014, i45:1:74-81



Sigma Metric for Process Performance

• Define what are the quality indicator for some step processes

– Ex: Order accuracy, turn around time, etc

• Calculate Defects per million opportunities (DPMO) from 
existing data, using:

DPMO =  .            (Number of defects x 1.000.000)              .
(numb of defect opportunities/unit)x(number of unit)

• Convert DPMO to sigma metric using:

– Six Sigma Table

– Excel software



Sigma Table

Yield (Accuracy Rate) Defect Rate Sigma Level DPMO

99.9997 0.0003 6.00 3.4 

99.9970 0.0030 5.51 30

99.9770 0.0230 5.00 230 

99.8650 0.1350 4.50 1,350 

99.3790 0.6210 4.00 6,210 

97.7300 2.2700 3.50 22,700 

93.3200 6.6800 3.00 66,800 

84.2000 15.8000 2.50 158,000 

69.2000 30.8000 2.00 308,000 

50.0000 50.0000 1.50 500,000 

31.0000 69.0000 1.00 690,000 

8.0000 92.0000 0.09 920,000 

<7 >100 0.00 >920,000 





Raw Error Rates*
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1. Calculate Error in DPM
2. Convert DPM to Sigma Metric used 

Six Sigma Calcuator

Sigma : 4.38

Sigma : 4.77
Sigma : 3.52

Sigma : 3.71

* per million incident



Quality Indicator % Error DPM Sigma

Order Accuracy 1,8 18.000 3.60

Duplicate test orders 1.52 15.200 3.65

Wristband errors (not banded) 0.65 6.500 4.00

TDM timing errors 24.4 244.000 2.20

Hematology specimen acceptability 0.38 3.800 4.15

Chemistry specimen acceptability 0.30 3.000 4.25

Surgical pathology specimen accessioning 3.4 34.000 3.30

Cytology specimen adequacy 7.32 73.700 2.95

Laboratory proficiency testing 0.9 9.000 3.85

Surg path froz diagnostic discordance 1.7 17.000 3.60

PAP smear rescreening false negative 2.4 24.000 345

Reporting errors 0.0477 477 4.80

Nevalainen et al, 2000

Laboratory Performance Indicators as Outcome Measure

Sources: Six Sigma Quality Design & Control, James O, Westgard



Sigma Metric for Process Performance in 
Clinical Laboratory

•To achieve 3 sigma, usually only obvious changes and corrections 
are required

•To achieve 4 sigma, processes must also be improved

•To achieve 5 sigma, the design of the processes must be improved

•To achieve 6 sigma, requires rigorous tools and a design for 
perfection

Starting from the goal is to cut the number of defects in half, is 
more realistic goal than trying to achieve 6 sigma for every process

Garber, 2005
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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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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
T

ru
e
 V

a
lu

e



Example Sigma-metric Calculation

 3 levels of a cholesterol study, Clin Chem July 2014
 CLIA PT criterion for acceptability = 10%

 Total Precision (CV): 1.0% 0.9% 1.0%

 Bias : 3.0% 2.5% 2.3%

 Sigma  Level 1 = (10 – 3) / 1.0
= 7.0 / 1.0  = 7.0

 Sigma Level 2  = (10-2.5) / 0.9
= 7.5 / 0.9  = 8.3

 Sigma Level 3 = (10 – 2.3) / 1.0 

= 7.7 / 1.0  =  7.7

Average Sigma = (7.0 + 8.3 + 7.7) / 3 = 7.67
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Method Decision Chart

Free download at http://www.westgard.com/downloads/
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A quick non-technical description of 

Sigma-metric Decision Charts



Normalized Method Decision Chart

Unacceptable

World Class

Method Decision Chart TEa = 100%



Formula :
Sigma = (TEa-bias)/CV

World 

Class

Unacceptable



Test Tea (%) CV % d% Sigma NOPcX NOPsY

Glukosa 10 2.3 2 3.48 23 20

HbA1C 6 1.1 0.34 5.15 18.3 5.67

Creatinin 15 1.6 3.4 7.25 10.7 22.7

GLUCREAT

A1C



Test Tea (%) CV % d% Sigma NOPcX NOPsY

HDL 30 6.9 4.7

LDL 20 3 7.68

Uric Acid 17 1.6 3.4

Urea-N 9 1.8 1

LDH 20 3.6 2.7

Lipase 37.88 3.5 4.2

Problem Set 
Normalized 
Method 
Decision 
Level



Test Tea (%) CV % d% Sigma NOPcX NOPsY

HDL 30 6.9 4.7 3.67 23 15.7

LDL 20 3 7.68 4.11 15 38.4

Uric Acid 17 1.6 3.4 8.50 9.41 20

Urea-N 9 1.8 1 4.44 20 11.1

LDH 20 3.6 2.7 4.81 18 13.5

Lipase 37.88 3.5 4.2 9.62 9.24 11.1

URIC ACID HDL

UREA

LDH

LDL

Lipase



QC Design - Quality Planning Process

1. Define Quality 
Requirements

2. Assess Method
Performance

3. Prepare OPSpecs 
Chart

4. Plot Operating 
Point

5. Evaluate Rejection
Characteristics

6. Select Ctrl Rules (N),
no of measurements

7. Adopt Total 
QC Strategy

8. Reassess for
Change



1. Defining Quality Requirement

• The tolerance limits must be defined. 

• In the clinical laboratory, the quality required by an 
analytical testing process must be defined.

• Define Quality Requirement for assay at some MDL

• Tolerance limits, in the laboratory, are best 
expressed as a total allowable error (TEa) 
specification.

• 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

Westgard S, 2009



Where can we find a Quality Requirement ?
Level Quality Requirement

1

Evaluation of the effect of analytical performance on clinical outcomes in 
specific clinical setting
- Depth studies of the effect of changes in analytical performance upon 
patient populations

2

Evaluation of the effect of analytical performance on clinical decisions in 
general
- Data based on components of biological variation
- Data based on analysis of clinicians opinions

3
Published professional recommendations
-From National and international expert bodies
-From expert local groups or individuals 

4
Performance goals set by
-Regulatory bodies
-organizers of External Quality Assessment (EQA) schemes

5
Goals based on the current state of the art
-as demonstrated by data from EQA or PT
-as found in current publications on methodology

Stockholm Consensus Hierarchy,1999



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

Best Practices for Quality Requirements

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



Sodium goals
Quality Goal

CLIA Desirable 
Biologic Goal

RCPA Rilibak Spanish 
Minimum 
Consensus

± 4 mmol/L ± 0.9% ± 3 mmol/L ≤ 150 
mmol/L;
± 2% > 150 mmol/L

± 5.0% ± 5.0%

35
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Sodium: CLIA  Goal



Revisiting our Comparison of 
6 Competitors on 8 chemistry analytes

• What happens if we use 
different quality 
requirements?



Quality Requirements for common chemistry analytes

Analyte CLIA Goal Ricos Goal

Cholesterol 10% 8.5%

Creatinine 15% 8.87%

Glucose 10% 6.96%

HDL 30% 11.63%

LDL - 11.9%

Phosphorous - 10.11%

Uric acid 17% 11.97%

Triglycerides 25% 25.99%
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Sigma evaluation of results (mostly CLIA goals)

Test Abbott Beckman Ortho Roche Siemens Thermo

Cholesterol 7.67 2.55 3.42 4.25 5.69 3.46

Creatinine 5.7 7.35 5.62 3.58 4.58 5.56

Glucose 4.81 3.96 4.34 5.09 4.71 4.17

HDL 6.56 11.42 11.96 11.29 10.01 10.51

LDL 5.41 n/a n/a 5.16 3.72 4.06

Phosphate 6.67 6.71 0 3.46 4.82 n/a

Uric Acid 6.98 12.09 15.23 5.68 5.2 6.43

Triglycerides 10.43 5.42 14.18 18.15 8.32 8.02

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument
CLIA goals used 



Sigma evaluation of results  (all Ricos goals)

Test Abbott Beckman Ortho Roche Siemens Thermo

Cholesterol 6.12 1.95 2.89 3.39 4.80 2.76

Creatinine 2.65 4.18 3.14 1.80 1.95 3.17

Glucose 3.31 2.57 2.52 3.44 3.14 2.80

HDL 1.93 3.59 4.34 3.37 3.42 2.88

LDL 5.41 n/a n/a 5.16 3.72 4.06

Phosphate 6.67 6.71 0 3.46 4.82 n/a

Uric Acid 4.54 8.21 9.90 3.57 3.58 3.39

Triglycerides 10.86 5.69 14.75 18.92 8.66 8.42

Average Sigma-metric calculated of 3 levels measured
Approximately 10 labs for each instrument
CLIA goals used 



Sigma Ranking

Mostly CLIA goals (+2 Ricos)

>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

All Ricos Goals

>6-Sigma performance or highest 
performance among competitors:

– Abbott: 4 of 8 analytes

– Beckman: 3 of 7 analytes

– Ortho: 3 of 7 analytes

– Roche: 2 of 8 analytes

– ThermoFisher: 1 of 8 analytes

– Siemens: 1 of 8 analytes



• "Use quantitative targets with caution. Goals in the form of such targets 
can have an important role en route to progress, but should never displace 
the primary goal of better care. 

• "While 'Zero Harm' is a bold and worthy aspiration, the scientifically 
correct goal is 'continual reduction'. All in the NHS should understand that 
safety is a continually emerging property, and that the battle for safety is 
never 'won'; rather, it is always in progress."

Putting Quality Goals in 
perspective

"Incorrect priorities do damage....In some 
organisations, in the place of the prime directive, 
"the needs of the patient come first", goals of (a) 
hitting targets and (b) reducing costs have taken 
centre stage. Bad news becomes unwelcome and, 
over time, it is too often silenced. Under such 
conditions organisations can hit the target but 
miss the point."....



2. Assess Method Performance (Bias and 

Precision)

Level Preferred estimates of Bias

1 Bias from reference material or reference method

2 Bias from the mean of a peer group

3 Bias from the all-method mean of a proficiency testing (PT)

4 Bias from a comparative method (new vs old method)

5 Bias from observed mean vs Assayed mean / target value

# The Best Estimate for Bias



# The Best Estimate for Imprecision

Level Preferred estimates of imprecision

1

Routine, Historical imprecision (cumulative CV), measured over 
a long term. The CLSI C24 guideline recommends three to six 
months of routine data 

2

Total imprecision (intermediate precision). A total precision 
study is conducted which consists of two runs per day of a 
sample, run for 20 days. The CLSI EP5 guideline specifies how to 
conduct this

3
Within-day or between-run imprecision. Two runs within a 
single day, each run consisting of 10-20 replicates of a sample.

4

Within-run imprecision (repeatability). This is the easiest type of 
study and is conducted frequently, particularly in method 
validation studies. Performed within a single run, with at least 
20 replicates of a sample
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3 – 6. Operating Specifications (OPSpecs) chart:

Optimizing QC Design and Planning

Free download at http://www.westgard.com/normcharts.html

IMPRECISION

B
IA

S

OPSpecs Chart : tools 
to define method 
performance and QC 
procedure (Rule, N, F).
OPSpecs can used for 
quality  requirement 
other than Tea (Total
Error Allowable)                                                         
ex decision interval 
(Dint)                             



Pfr N R
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Allowable Imprecision (CV, %)

Tittle of Chart

Type of quality requirement

Analytical TEa or Clinical Dint

Actual quality required

Percent error detection

Method bias on y-axis

Method imprecision on x-axis

Control rules

Probability of  false rejection

Number of Measurements

Runs

OPSpecs Chart TEa 10,0% with 90% AQA(SE)

This key indentifies 

the different  QC 

procedures

A

B

D

Lines show limits of 

bias and imprecision 

for different QC 

procedures

C

OPSpec Chart 
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Lines above and to the right of your Operating 
Point are QC procedures you can use

Free download at http://www.westgard.com/normcharts.html
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Lines below to the left of your Operating 

Point are QC procedures that don’t provide 

enough quality assurance

Free download at http://www.westgard.com/normcharts.html
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Think of the OPSpecs Chart like a Target

Free download at http://www.westgard.com/normcharts.html



Other Tools to Design SQC





What happens when Sigmas >6?

• 14, 20, 30-Sigma are essentially no different from each other

• High Sigma-metrics may give you more “cushion” from lot-to-
lot variation, etc.

• Extremely high Sigma-metrics may indicate you could choose 
a tighter Quality Requirement

52



What happens when Sigma <3?

• Caution clinicians about critical interpretations (small changes 
are only the noise, not signal)

• If all methods are <3, this may indicate the Quality 
Requirement is not practical

• If just your method is <3, use the RCV to try and compensate 
for poor performance (wait longer for larger changes in test 
results

• There’s no such thing as “negative” sigma

53



Quality Cost

This is the cost of 
rework if the test 
perform perfectly. 

If any real 
problems occur, 

the cost of rework 
is more



Practical Implementation :
Measuring Sigma Metric in Analytical Quality

• Define Quality Requirement for assay at some MDL

• Calculate imprecision.                                                                         
Replication experiment for imprecision. Minimum of 20 
samples over 20 days

• Calculate bias assay, method or instrument.                                                         
Data from ongoing QC results or PT surveys

• Calculate Sigma Metric using:

Sigma metric = (TEa – bias observed) / CV observed

• Plotting to Method Decision Chart (optional)

• Plotting Operating Specifications chart (OPSpecs) as QC 
design tools and analyze to customize and optimize QC Design



Practical Implementation :
Measuring Sigma Metric in Analytical Quality

• Setting QC Rule and Number Control 

• Estimasi Quality Cost of Quality Design

• Monitoring and Evaluate QC Programme

• Improvement



Case Study

• A clinical laboratory will establish their new qc design that will 
be use by the beginning of the next year. 

• They have daily qc data, proficiency testing (PT) evaluation, 
table of quality requirement, You are ask to help the lab to 
calculate cv, bias (d%) and Sigma

• Establish Westgard rule that will be applied for every 
parameter and frequency/level control that will be run daily 
and plot the result in method decision chart if possible to find 
out Pfr (Probability False Rejection) of the qc design they 
choose



Problem Set 1 

• Laboratory XX will evaluate analytical 
perfomance in  instrument Y and qc design 
have been use for the last six months. The 
parameter that will be evaluate is Albumin 
using third party control with 2 level control 
material. 

• The Laboratory participated in Proficiency 
testing (PT) program : Biorad Monthly Clinical 
Chemistry (MCC)

• Quality requirement Albumin : 10% (CLIA)



No TANGGAL LEVEL 1 LEVEL 2

1 1 Agustus 2015 4.04 2.72 

2 4.21 2.73 

3 2 Agustus 2015 4.23 2.69 

4 4.21 2.69 

5 3 Agustus 2015 4.19 2.73 

6 4.21 2.67 

7 4 Agustus 2015 4.10 2.71 

8 4.17 2.74 

9 5 Agustus 2015 4.05 2.73 

10 4.28 2.70 

11 6 Agustus 2015 4.25 2.80 

12 4.05 2.74 

13 7 Agustus 2015 4.40 2.81 

14 4.27 2.82 

15 8 Agustus 2015 4.17 2.70 

16 4.25 2.75 

17 9 Agustus 2015 4.35 2.58 

18 4.27 2.68 

19 10 Agustus 2015 3.95 2.89 

20 4.41 2.90 

DATA DAILY QC 
OF ALBUMIN

Control interval limit (mg/dL) :

-QC  Level 1 : 

Mean : 4.22 g/dL

Range : (3.92 - 4.52) g/dL

-QC Level 2 :

Mean : 2.74 g/dL

Range :  (2.54 - 2.94) g/dL



• Control interval limit : 

Level 1 : 4.22 (3.92 - 4.52) g/dL

Level 2 : 2.74 (2.54 - 2.94) g/dL

• Quality requirement (TEa) Albumin: 10%

• Formula :

Mean = n1 + n2+ n3+ .....+ n20 

20d % ( inaccuration ) = mean replication (x) - true value (u)

true value (u)



• Data result :

QC level 1 : 

mean = 4.22 g/dL, SD = 0.12 g/dL, 

CV =  0.12    x 100 = 2.84%

4.22

QC level 2 : 

mean = 2.74 g/dL, SD = 0.08 g/dL

CV =  0.08    x 100 = 2.92%

2.74



• EQAS - Albumin



• Bias EQAS calculation 

Bias (d%) = 5.1 - 5.07 = 0.59%

5.07

• Sigma calculation

Sigma = 10 - 0.59 = 3.22

2.92



Parameter Tea (%) CV (%) d (%) Sigma Rule Frek

QC

Albumin 10 2.92 0.59 3.22 1-3S, 2-2S, 

R4S, 4-1S, 8-x

N=4 ; 

R = 2



This is the cost of 
rework if the test 

perform perfectly. If 
any real problems 
occur, the cost of 
rework is more

Quality Cost



Problem Set  2

A clinical lab in Makassar will establish qc design 
for their new  instrument. It will be use next 
month. The Lab conduct procedur validation for 
10 days  (2 run per day) to evaluate their new 
instrumen's performance. In the validation, they 
use  third party control for glucose with 2 level 
control material.



No TANGGAL LEVEL 1 LEVEL 2

1 1 Agustus 2015 82.72 274.15

2 84.48 283.33

3 2 Agustus 2015 83.79 280.62

4 85.37 282.17

5 3 Agustus 2015 83.88 279.08

6 84.74 280.74

7 4 Agustus 2015 82.74 279.96

8 84.02 282.09

9 5 Agustus 2015 82.22 275.5

10 84.14 283.98

11 6 Agustus 2015 81.74 276.37

12 84.54 289.15

13 7 Agustus 2015 83.05 278.13

14 83.86 282.97

15 8 Agustus 2015 81.37 276.67

16 84.55 280.57

17 9 Agustus 2015 87.35 283.02

18 87.97 284.55

19 10 Agustus 2015 85.95 281.81

20 86.09 280.58

DATA DAILY QC 
OF GLUCOSE

Control interval limit 
(mg/dL) :

-QC  Level 1 : 

AV : 82.6 

Range : (81.2 - 84.0 )

d% = 2%

-QC Level 2 :

AV :  276.4 

Range :  272.8 – 280

d% =  1.6%

Quality Requirement 
Glucose : 10%



• Data result :

QC level 1 : 

mean = 84.2 mg/dL, SD = 1.8 mg/dL, 

cv =  1.8    x 100 = 2.1%, d = 84.2 - 82.6 x 100 = 2.0%

84.2 82.6

QC level 2 : 

mean = 280.8 mg/dL, SD = 3.5 mg/dL

cv =  3.5    x 100 = 1.3%,  d = 280.8 - 276.4 x 100 = 1.6%

280.8 276.4



• Sigma Calculation

Quality requirement (TEa) glucose : 10%

average cv = cv level 1 + cv level 2 = 2.1 + 1.3 = 1.7%

2 2

average bias = (d%) level 1 + (d%) level 2 = 2 + 1.6 = 1.8%

2 2

Sigma = TEa - bias (d%) =  10 - 1.8 = 4.82

cv 1.7



Parameter Tea (%) CV (%) d (%) Sigma Rule Frek QC

Glukosa 10 1.7 1.8 4.82 1-3S, 2-2S, R4S N = 2 ; 

R = 1



Quality Cost

This is the cost of 
rework if the test 
perform perfectly. 

If any real 
problems occur, 

the cost of rework 
is more



Problem Set  3 : Establish QC Procedure 

Test Tea (%) CV % d% Sigma NOPcX NOPsY

Glukosa 10 1.8 1

SGOT 20 1.5 2

Cholesterol 10 1.8 2.4

Amylase 10 3.1 1.3

Magnesium 25 4,5 7.7



Jawaban

Garber, 2004

Test Tea (%) CV % d% Sigma NOPcX NOPsY

Glukosa 10 1.8 1 5 18 10

SGOT 20 1.5 2 12 7.5 10

Cholesterol 10 1.8 2.4 4.2 8 24

Amylase 10 3.1 1.3 2.8 11 13

Magnesium 25 4,5 7.7 3.8 12.8 10.8



Test Tea (%) CV % d% Sigma NOPcX NOPsy

Glukosa 10 1.8 1 5 18 10

SGOT 20 1.5 2 12 7.5 10

Cholesterol 10 1.8 2.4 4.2 18 24

Amylase 10 3.1 1.3 2.8 31 13

Magnesium 25 4,5 7.7 3.8 18 30.8

SGOT

Glu

Chol
Amylase

Mg



Challenges in practicing sigma metric  
1. It is quality requirement dependent. 

- Depends on which quality requirement you choose 

(the size of  the TEa). 

2. What to do with assays < 3 sigma? 

 Sigma = TEa – bias /CV
- Check from peer group database or EQA: verify the bias
- Check for QC/reagent/calibrator stability 
- Check for any outliers in the cumulative data

 Verify the manufacturer claimed. (e.g. imprecision/linearity)
 Check with Key Opinion Leader: Pathologist if TEa used is 

appropriate 
 Uncertainty Measurement
 Delta Check 
 Change method? 



Savings from Changes in Quality Control Program

– Reagent and Supplies

# Approximately 45% savings in reagents and supplies  

for running controls

– Control Material Savings

# Approximately 45% savings in control material

– Labor Savings

– Savings from running QC q12 hour versus q8 hour

– Less investigation of QC failures

• Over 50% fewer QC failures to investigate



Conclusion

• High Quality Methods are a Triple-Win

– Easier for Labs to operate

– Cheaper for health system to finance

– Better for patients and clinicians

• Six Sigma will help the laboratory to choose the right qc design for each of 
parameter

• Implement the right qc design will give cost effective control

• Sigma metric, method decision charts and OPSpecs chart provide easy 
tools for laboratories to:

– Determine the performance of their current methods

– Validation protocols of a new instrument/method/reagent

– Compare instruments/method/reagent performance

– QC planning and QC design 



References

• Westgard JO. Basic QC. 3rd edition

• Westgard JO. Six sigma quality design & control. 2001. p 139-236

• Shah S, Saini R, Singh SB, Aggrawal A, Goel AK. Six sigma metric and 

quality control in clinical laboratory. Int Jour of Med Research and Review, 

2014;2:141-145

• Westgard JO. QC : How lab can apply six sigma principle to quality control 

planning. CLN. 2006. p 12

• Garber C. Six sigma : it's role in clinical laboratory. CLN. 2004. p 11

• Navaleinen D, et al. Evaluating laboratory performance on quality omdicator 

with six sigma scale. Arch Pathol Lab Med. 2000;124 : 518

• www.westgard.com



It’s not just a specimen
It’s a patient

Thank You



WORKSHOP SIGMA

Waktu Pengerjaan Kasus  @ 20 menit

Setiap kelompok mengerjakan 1 bundel problem 

set @ 3 kasus

Setiap kelompok akan diminta untuk presentasi  

1 kasus @ 5 menit

Diskusi per kasus @ 5 menit


