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Background

e Conventional QC Planning:
» Performance Specification (TEa)
» Performance Characteristics (Bias & CV)

Frequency or Run size

MaxtE(Nuf)fSQC Miodel
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Schematic view of Max E(Nuf) model

» How many increased errors are produced?

» Of the them, how many are reported?



E( N Uf) . Expected Number of Increased Unreliable Final Results

e 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
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Factors contributing to E(Nuf)

* Increase in the probability of producing
error; AP

> Shift size; The larger is shift, the higher is AP,

> Bias




Factors contributing to E(Nuf)

* Increase in the probability of producing
error; AP

> Shift size; The larger is shift, the higher is AP,

> Bias

SM = (TEa—B) /SD |

» Imprecision

The higher is Sigma, the lower AP,




Factors contributing to E(Nuf)

Power Graph Z N=2, 1:2s
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Factors contributing to E(Nuf)

Power Graph
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P.4: Probability of Error Detection



Factors contributing to E(Nuf)

 Run Length; M



Factors contributing to E(Nuf)

e Run Length; M




Factors contributing to E(Nuf)

e Shift point




Factors contributing to E(Nuf)

* AP,

* ARL4

e Run Length; M
e Shift point

E(N,)=AP[M(ARL ,-1)-(1-1/ARL ,)(M/2)]
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Example:
Sigma=s5 QC:1:3s, N=1, M =200

P <. = 0.00006%



Example:

Sigma =

S

QC: 1:3s, N=1, M =200
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Smaller MaxE(Nuf) or Lower Patient RISK ?
= Smaller Run Size

= Smaller ARL_4 (Tougher QC)

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

1: 3s, N1
<(2/3.9) X 200 = 102




Caveaqt!

Stable error rate shouldn’t be neglected!

Example:

Utilization of Assay Performance Characteristics to Estimate Hemoglobin Alc Result
Reliability

Woodworth et al. Clin Chem (2014) http://hwmaint.clinchem.org/cgi/doi/10.1373/clinchem.2013.220772

Sigmas (TEa=6%)33.9 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%

QC: 1:2s, 3 levels, 3 time/day
( D Run-size=33  P; = 14% (30% per day!)
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It's important to note that QC plans - at best - can help when performance is stable.
The more robust the QC strategy, the more its ability to keep performance stable._In L
no way can a QC strategy, regardless of how stringent it is, compensate for the bad
quality of a method. For example, if we purchase a 0.85 sigma method, this means
that if there is no shift in the calibration and/or no increase of imprecision at all, this _
74 method in its most stable performance produces 40% erroneous results. If there wasber -o8in

CLSI C24-Ed4 (2016)
5.4.2.

Quality Control Performance Goals Cannot Alter Measurement Performance




Tools for applying MaxE(Nut) model

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



Selecting Statistical Procedures for Quality Control Yago M, Alcover S.
Planning Based on Risk Management Clin Chem62:7; 2016
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Hassan Bayat*

Selecting multi-rule quality control procedures

CCLM; 55(11), 2017

based on patient risk

MR3 N3: 1,/20f3,/R,./3,,
MR3 N6: 1, /20f3,/R,/3,./6x
MR2 N2: 1,/2,/R,,

MR4 N4: 1, /2, /R, /4,
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Planning Risk-§
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Establishing Evidence-Based Statistical Quality Control Practice

Westgard JO, Westgard SA
Am J Cling Pathol 2018

Westgard Sigma Rules®

with Run Sizes

Report Results €

Take Corrective Action

60 | 56 | 40 | 30
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QC Frequency Calculator (Run Size)

A new online tool to help you determine your QC Frequency (Run Size)
Online Calculator for QC Frequency or Run Size

James O. Westgard, Hassan Bayat, Paul Schilling, and Sten A.
Westgard

July 2021

The CLSI C24-Ed4 document [1] describes a “roadmap” for planning a risk-based
SQC strategy, which is defined as the “number of QC materials to measure, the

number of QC results and the QC rule to use at each QC event, and the frequency of
QC events.” A QC event is defined as “the occurrence of one or more QC



QC Frequency Calculator
Number of Levels/Tests: |4 ~|

Analyst | |

Date [mm /dd/ yyyy |

Analyzer I | | |

Test I | | I

Units | | | |

Critcal Decision Level, Xe
Qualty Requizement TEs
Bias observed
Precision observed
Calculated Sigma-metric
Patient Risk Sigma
Patient Risk Factor 1 v 1 v 1 ) 1
Maximum Run Size (w00 v (00 v (000~ (1000 v
| Calculate Reslts |

| Clear Form |

Candidate SQC Procedures Run Size 1 Run 5ize 2 Run Size 3 Run Size 4

1:35/2:25/R-4s/4: 15, N=4 (P5=0.03)
1:35, N=4 (P5=0.01)
1:35/20f3:25/R:4s/3:1s N=3 (Pg=0.02)
1:33 N=3 (Pg=0.01)

1:38/2:25R-4s, N=2 (Pg=0.01)

1:35, N=2 (P4=0.00)

1:3.55, N=2 (Pg=0.00)

1:25, N=1 (Pg=0.05)

1:2.5s, N=1 (P=0.01)

1:35, N=1 (P5=0.00)




Number of Levels/Tests:
Analyst

Date

Analyzer

Test

Units

Critical Decision Level, Xc
Quality Eequirement, TEa
Bias observed

Precision observed
Calculated Sigma-metric
Patient Risk Sigma
Patient Risk Factor

2]

mm/dd / yyvy |
Alc Alc
%Hb %Hb
b 9
B ¥
0 0
1.1 1.4
240 4.29
R 4.29
1 v) 1




Candidate SQC Procedures
1:3s/2:2s/Rds/4:1s, N=4 (Pg=0.03)
1:3s, N=4 (Pg=0.01)
1:3s20f3:25/Fo4s/3:1s N=3 (Pg=0.02)
1:3s N=3 (P=0.01)

1:3s/2:2s/R4s, N=2 (Pg=0.01)

1:3s, N=2 (Pg=0.00)

1:3 58, N=2 (P#=0.00

1:2s, N=1 (Pg=0.03)

1:2 58, N=1 (P&=0.01)

=N

Run Size 1
1000

1000
1000
1000
1000
795
193

Sigma: 5.45
Patient Risk: 1

Run Size 2
481

137

310

84

T7

54

13

102

36

/\

Sigma: 4.29
Patient Risk: 1




Candidate SQUC Procedures Run Size 1 Run Size 2

1:35/2:25/Fods/4:1s, N=4 (P=0.03) 1000 1924
1:3s, N=4 (P3=0.01) 1000 547
1:3s/20f3:25/R:4s/3:1s N=3 (P=0.02) 1000 1241
1:3s N=3 (P3=0.01) 1000 335
1:3s/2:2s/R:4s, N=2 (P=0.01) 1000 306,
| 1:3s. N=2 (P5=0.00) 1 795 -7 218 1
135 X2 @500} UIISSEL
1:2s, N=1 (P5=0.03) ~597 401
175, N B0 01) I 146 !
| 135, N=1 @5=0.00) | V127 -7 53
e A
Sigma: 5.45 Sigma: 4.29

Patient Risk: 1 Patient Risk: 4




Analyst

Date

Analyzer

Test

Units

Critical Decision Level, Xc
Quality Requirement, TEa
Bias observed

Precision observed
Calculated Sigma-metric

Patient Risk Sigma
Patient Risk Factor
Maximum Run Size

[ - . . . L L ]

mm/dd/yyyy
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20
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45

4.44
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Candidate SQC Procedures
1:3s/2:2s/R:4s/4:1s, N=4 (P5=0.03)

1:3s, N=4 (P£=0.01)
1:3s/2013:2s/R:4s/3:1s N=3 (Pg=0.02)
1:3s N=3 (P£=0.01)

1:3s/2:2s/R:4s, N=2 (P£=0.01)

1:3s, N=2 (P£=0.00)

1:3.5s, N=2 (P£=0.00)

1:2s, N=1 (P£=0.05)

1:2.5s, N=1 (P=0.01)

1:3s, N=1 (P£=0.00)

Run Size 1
790

212
491
127
114
58
19
139
50
18



Candidate SQC Procedures Run Size 1

1:3s/2:2s/R:4s/4:1s, N=4 (P5=0.03) 790
1:3s, N=4 (P£=0.01) 212
1:3s/2013:2s/R:4s/3:1s N=3 (Pg=0.02) 491
1:3s N=3 (P£=0.01) 127
1:3s/2:2s/R:4s, N=2 (P£=0.01) 114
1:3s, N=2 (P£=0.00) 58
1:3.5s, N=2 (P=0.00) 19
1:2s, N=1 (P£=0.05) 139
1:2.5s, N=1 (Pg=0.01) 50

1:3s, N=1 (P£=0.00) 18
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