
Winter in Mazandaran forest, IRAN                



Background

• Conventional QC Planning:

 Performance Specification (TEa)

 Performance Characteristics (Bias & CV)

 SQC Characteristics (Ped & Pfr)

What was lacking? 

 Developed by Dr. C. Parvin

 CLSI C24-Ed 4 (2016)

Frequency or Run size
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Schematic view of Max E(Nuf) model
Error Occurrence to Error Detection

How many increased errors are produced?

Of the them, how many are reported?
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E(Nuf): Expected Number of Increased Unreliable Final Results

• TE-based model; Unreliable: Results that differ from the reference value more than TEa (pTE)

• Sigma Metric; SM = (TEa – Bias)/SD or SM = (%TEa - %Bias)/CV

• Bracketed QC for Continuous Performance

• Increased

• Final
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• Increase in the probability of producing 
error; ∆PE

 Shift size; The larger is shift,  the higher is ∆PE

 Bias

Factors contributing to E(Nuf)



• Increase in the probability of producing 
error; ∆PE

 Shift size; The larger is shift,  the higher is ∆PE

 Bias 

 Imprecision

Factors contributing to E(Nuf)

The higher is Sigma, the lower ∆PE

SM = (TEa – B) / SD



Factors contributing to E(Nuf)

• ∆PE

• ARLed = 1/Ped

ARLed: Average Run Length

Ped: Probability of Error Detection
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• ∆PE

• ARLed
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Factors contributing to E(Nuf)

ARLed: Average Run Length

Ped: Probability of Error Detection

Ped =  15%

Pacpt =
1 – 0.15
= 85%



• ∆PE

• ARLed

• Run Length; M

Factors contributing to E(Nuf)



• ∆PE

• ARLed

• Run Length; M
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Factors contributing to E(Nuf)

#u = 4
#u = 11



• ∆PE

• ARLed

• Run Length; M

• Shift point 
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Factors contributing to E(Nuf)



Factors contributing to E(Nuf)

• ∆PE

• ARLed

• Run Length; M

• Shift point 
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SE (x SD) ΔPE ARLed E(Nuf)

0.5 0.0003% 155 0.1

1 0.003% 44 0.3

3 2% 2 3.4

3.5 6.7 1.4 3.9

4 6% 1.2 3.5

7 98% 1.003 0.003

8 99.8% 1.0000004 0.00003

PE-Stable = 0.00006%
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QC Run Size MaxE(Nuf)

1:3s, N1 200 3.9

1:3s, N1 102 2

1:3s, N1 51 1

1:3s, N2 211 1

1:3s/2:2s/R:4s, N2 455 1

 Smaller Run Size

 Smaller ARLed (Tougher QC)

(2/3.9) x 200 = 102

ISO 15189: QC frequency should be “based on…the risk of harm to the patient from an 
erroneous result”



Caveat!
Stable error rate shouldn’t be neglected!

Sigmas (TEa=6%): 3.9           2.84            2.36             2.29            1.57           1.43           0.36

Stable Error rate: 0.001%   0.5 %           1.8 %          2.2%            11%           15%            72%  

Sigma<3
Daily workload=100
Max E(Nuf)=1

Example: 
Utilization of Assay Performance Characteristics to Estimate Hemoglobin A1c Result 
Reliability 
Woodworth et al. Clin Chem (2014) http://hwmaint.clinchem.org/cgi/doi/10.1373/clinchem.2013.220772

QC: 1:2s, 3 levels, 3 time/day

Run-size≈33      Pfr = 14% (30% per day!)



CLSI C24-Ed4 (2016)

5.4.2.  

Quality Control Performance Goals Cannot Alter Measurement Performance



• NOTE: CLSI C24-Ed4 (2016) is “only a road-map.”

Acceptable MaxE(Nuf) or Patient Risk Factor
Depends on:

 Probability of acting upon an erroneous result

 Probability of hazard to patient from an erroneous result

 The stability of the system

 SM



Yago M, Alcover S.

Clin Chem62:7; 2016

Nomograms for M = 100



CCLM; 55(11), 2017

MR3 N3: 13s/2of32s/R4s/31s

MR3 N6: 13s/2of32s/R4s/31s/6x

MR2 N2:  13s/22s/R4s

MR4 N4: 13s/22s/R4s/41s
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Planning Risk-Based Statistical Quality Control Strategies: Graphical Tools to 
Support the New Clinical and Laboratory Standards Institute C24-Ed4 Guidance

Bayat H, Westgard SA, Westgard JO                                   
JALM; September 2017

Selecting a Risk-Based SQC Procedure for a HbA1c Total QC Plan

Westgard SA, Bayat H, Westgard JO                                   
Journal of Diabetes Science and Technology 2017 

Planning Risk-based SQC Schedules for Bracketed Operation of Continuous 
Production Analyzers

Westgard JO, Bayat H, Westgard SA
Clinical Chemistry Feb 2018, 64 (2) 289-296

For MaxE(Nuf) =1



Candidate SQC (Pfr)
Maximum Run Size / Ped

6-Sigma 5.5-Sigma 5.0-Sigma 4.5-Sigma 4.0-Sigma 3.5-Sigma

MR N4 (0.03)
≥1000 ≥1000 ≥1000 800 190 40

1.00 1.00 1.00 0.98 0.91 0.73

1:3s N4 (0.01)
≥1000 ≥1000 900 220 60 15

1.00 1.00 0.99 0.89 0.66 0.41

MR N2 (0.01)
≥1000 ≥1000 470 120 40 10

1.00 0.99 0.94 0.82 0.59 0.35

1:2s N1 (0.05)
≥1000 ≥1000 370 140 50 20

0.98 0.97 0.91 0.80 0.62 0.43

1:3s N2 (0.00)
≥1000 700 220 70 25 <10

0.98 0.96 0.86 0.70 0.48 0.25

1:2.5s N1 (0.01)
1000 400 150 50 20 <10

0.94 0.92 0.82 0.66 0.44 0.24

1:3s N1 (0.00)
380 150 50 20 10 <10

0.85 0.82 0.67 0.46 0.27 0.11

Sigma Run Size Nomogram Sigma Run Size Matrix

Establishing Evidence-Based Statistical Quality Control Practice

Westgard JO, Westgard SA
Am J Cling Pathol 2018

Data 
SQC

13s 22s R4s 41s 6X
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Westgard Sigma Rules®

with Run Sizes



https://www.westgard.com/qc-frequency-calculator.htm
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Sigma: 5.45
Patient Risk: 1 

Sigma: 4.29
Patient Risk: 1 



Sigma: 5.45
Patient Risk: 1 

Sigma: 4.29
Patient Risk: 4 
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