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DEV, =5%
TV: 20 mm
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DEV, = 5%
DR, = 1%
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Allowable Defect Rate; DR, ¢Uas Hlaa & yim
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Test or Analyte Acceptable Performance

Al ame ‘ Target value + 20%

aminotransferase

Albumin Target value = 10%

Alkaline phosphatase |Target value + 30%

Amylase Target value = 30%

Aspartate

aminotransferase Target value = 20%

(AST)
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Defect Rate = 2%
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Probability Density
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0.35 -

0.30

0.25 -

0.20 -

015 -

010 -

0.05

0.00

() S il 25 58

SD s ¢ jlaa Gl ad) aal g b (il ) Aluald 17 ke

Z values



Jlia

N 98 sl 1l g LT

108 -7 cm

UTL
108 + 7 cm

Mean =108 cm /" 1, _ 108 em
SD=3cm DEV =%7cm

115 J) Ll olodda g3
Z=(115-108)/3=7/3=2.3

101 JI sialisS slodla 53
Z=(-7)/3=-2.3 |

101
DR = 2% /
[ DRa =5% ] LTL: Lower Tolerance Limit

UTL: Upper Tolerance Limit




Example

Mean =108 cm
SD=5cm
Z,,=7/5=1.4
Z. =(-7)/5=-14

DR = 16%
' DR,=5%

-7cm

125

130
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Example
Manufacturing metal balls

Target Dimeter = 100 mm

TV
100

Performance SPECIFICATION
= DEVa=7%

)  -DEVa +DEVa

= DRa=5% : !
SD ua 'SD
93 i 107
Performance EVALUATION Z = (LTL- Mean)/sD Mean=100 7 = (UTL- Mean)/SD
SD=3
= Mean = 100 mm Z=(93-100)/3 =-2.3 Z = (107-100)/3 = +2.3
Out=1.1% Out=1.1%

= SD=3mm

Performance
DR @
Calculation: Defect Rate?
% < 5%

Defect Rate = 2.2



Example

Manufacturing metal balls

Target Value = 100 mm
Mean = 100 mm

SD=3mm

= DEVa=7%
= DRa=1%

7=-2.3 Mean =100
SsD=3

Defect Rate £ 2.2% > 1%




Example

Manufacturing metal balls

Target Value = 100 mm
Mean = 100 mm

SD="?

= DEVa=7%
= DRa=1%

" Out=0.5%

= z2=12.6

9
=-2.
ISD i
2.6 = ’
"~ SD

Mean =100




Example
= DEVa=7%
= DRa =0.002 DPM (Defect per Million)

| I

Zn=-6 3 1a ! !
7 =6 QG < I TV =100 l

uttL 0.0010PM L '
| I
SD=7/6=1.16 l |
93
Mean =100 107
Z=-6 Z=+6
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WBC Centered

Mean = 10 th/uL Performance
SD = 0.3 th/uL
(CLIA) TEa = 15%
o O
Z=-5 \ Z=145
LTL = 8.5 UTL=11.5
0.00003% | | ' [ 0.00003%
or ! TV = 10 L or
0.3 DPM : Mean A0 | | 0.30pm
SD=0.3
| 50 |

Defect Rate = 0.6 DPM




wBC TV~ Mean
Mean = 10.6 th/ulL Ol el 4 ilae 10 10.6
SD = 0.3 th/uL Off-center
(CLIA) TEa = 15%

|
~ |
_85-106 ) I 7= 11.5 -10.6
I 0.3
LTL=8.5 | UTL=11.5
] | ]
| I |
| | |
| | I
| I |
0.000001 DPM | | I 1350 DPM

| 1 |

| =
I |

‘o M - (o)

DR =1350.000001 DPM
DR =1350 DPM
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Example LTL Mean TV UTL
(TV - TEa) | (TV + TEa)
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SHIFT l‘ DEV, — SHIFT

DEV

UTL
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SM

_ DEV, — |Shift]

SD




L Jle J s

LTL Joa (i ASQa 3 7 ke (2
(TV —IDEVa) 7 UTL _

l TV (TV + shift) (TV + DEVa) 7 = 4 £

: | : SD

| |

| | ! _ (TV+DEVa) — (TV+Shift)

: ; o L SD

| l | DEVa — |Shift|

| I I SM =

I I | SD

I [ I

| | ]

I I I

I I I

I I I

: : / : x=TV +DEVa
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* DEV, = TE, SM = DEVa ;D|Shift|
 Shift = Bias
Example: Example: -
__ TE_—|Bias|
HbA1C HbA1C SM = D
TEa = 5 mmol/mol TEa =5 mmol/mol
Bias = 0.5 mmol/mol Bias = -0.5 mmol/mol
SD = 1.5 mmol/mol SD = 1.5 mmol/mol
SM = w =3 SM = ﬂ =3

1.5 1.5
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e e U Ul 5 kg (1

0.3 DPM

MEAN
TV

Sigma Metric

0.3 DPM

Sigma Metric=5
DR =0.6 DPM
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Caagi i Uad ) e 5 Lo e oo Al

TV MEAN

SM=25=7%x5
=10500 x 0.6

6210 DPM




Sigma DPM
1 317000
2 45500
3 27000
4 63
5 0.6
6 0.002
V4 0.0000013
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SM:4 >3 PPN

DR: 32 - 1350
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MEAN




TV MEAN

SM, = SM, - Bias
SM, =5-2=3




TV MEAN

SM, = SM, - Shift
SM, =3.5-1.5=2
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3.:4.70SD SD

Jlia
TEa =8

Sh=1.7

Bias =-2.3=1.35SD | s mls > Bias=0

SM =3.35 3.35+1.35 > SM =4.7 % LS Jle (il 80 5l 2 1.4

DR = 404 DPM > DR =2.6 DPM—— b &5 50 (S 45 50 155




2.38.
JUia

TEa =8

SD=3.2 B3 3 g > SD=2.1 F=2.1/3.2=1/1.52

Bias =-0.4=0.12SD

SM =2.38 2.38 x 1.52 > SM = 3.62% L e Gl 38 ) 2 1.52

DR =17313 DPM > DR =296 DPM<[ Uad & 5 0 (S 45 )« 58
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TV

Bias = TEa

MEAN

Sigma Metric=0

__ TE_—|Bias|
i SD
0
SM = e 0

Defect Rate

50%
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TV MEAN SM = TE,—|Bias|
SD
SM=—=<0
Bias > TEa SD

NEGATIVE

Sigma Metrig

=-1.3
> 50%




(TEa% - B%)/CV & (TEa - B)/SD :Jsa sl (5

Example 1:

e TV=100 mg/dL

* TEa = 8 mg/dL

* Mean = 100 mg/dL
* Bias = 0 mg/dL

* SD =2 mg/dL

SM = (TEa - B)/SD SM = (TEa% - B%)/CV
SM = (8-0)/2=4 SM = (8% - 0)/2% = 4

TEa% = (TEa/TV) x 100
B% = (B/TV) x 100
CV = (SD/Mean) x 100




(TEa% - B%)/CV & (TEa - B)/SD :Jsa sl (5

Example 2:

* TV=100

* TEa =8 .
* Mean =103
* Bias=3
eSD=2

SM = (TEa - B)/SD SM = (TEa% - B%)/CV
SM=(8-3)/2=2.50 SM = (8% - 3%)/1.96 = 2.58

TEa% = (TE/TV) x 100
B% = (B/TV) x 100
CV = (SD/Mean) x 100



(TEa% - B%)/CV & (TEa - B)/SD :Jsa sl (5

Example 3:
* TV=100
*TEa =8

* Mean =97
* Bias=-3
eSD=2

SM = (TEa - B)/SD SM = (TEa% - B%)/CV
SM=(8-3)/2=2.50 SM = (8% - 3%)/2.06 = 2.43

TEa% = (TE/TV) x 100
B% = (B/TV) x 100
CV = (SD/Mean) x 100



(TEa% - B%)/CV & (TEa - B)/SD :Jsa sl (5

6&“?&J}A&JJ‘&N‘H)M@SJ}AJ&}J&‘?L\JCMMM\JQ_\MeJ.C)g\
LL\&‘Q&JJSDJF)AJ‘J&@\A&LA?\_}A&

TV | TEa | X |(Bias) SD | CV | SM=(TEa-B)/SD | SM = (TEa%-B%)/CV
100 100 | o | 2 2 4 4
100 103 |[(+#3)| 2 | 194 | <250 2.58 >
100 97 (3D 206 | <250 243>
A A_B TEa% = TEa x 100/TV ga_p  TEAX100 Bx100
—B D D . , a— TV TV
b CV=SD x 100/X X
TEa—B , TEa%—B%

SD

=+

CV
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Example

* TEa=6

* Bias=2

e SD=1

SM =14

P(Z>4) =32 DPM

Short Term | Defects
Sigma Level | Per Million
6
5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5
4.9
4.8
4.7
4.6
4.5

P(2>2.5) = 6210

— 4.2

4.4
4.3

—ia
4 6,210 | >>>32 >

3.2 .
3.8 10,724
3.7 13,903
3.6 17,864
3.5 22,750
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TV - TEa TV TV + TEa
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TV - TEa TV TV + TEa
SMa =2
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1. SE

Example
MCV assay
* TEa=7%

107

* SMa=2
\\

| Critical Systemat

SE_..=S

crit

Low QC
SEcrit=5

Moderate
QC
SEcrit=3

High QC
SEcrit=1.5

67




107

1.SE

SM=7
Example High QC
MCV assay - SEcrit =3
* TEa=7% o
* SMa=4
Very High
B=2fL QC
SD=1fL :
__/— H SEcrit=1

-3s —

SEcrit =-0.5

68




g SEcrit J s« -4
LA.?\_..\....: Q\_)JJ _}\

'TEa Ta rget +TEa

(TEa—B)/SD
TEa




. TEa—|Bia
SEcrit =
SD

rit = SM - SMa

ﬂ g SEcrit J s« -4
s

2 LAg_..\.md‘JJJ _}\

'TEa Ta rget +TEa

(TEa—-B) / SD
TEa




107

2.RE 5

Example Low Q€
REcrit = 3.5
MCV assay
* TEa=7%
* SMa=2
Critical Random Error, RE_,;, Moderate QC

RE,;; = SM + SMa | = REcrit = 2.5
4/ E PE——
-1 . -ﬁ“éi s s = +S 25 o= —— —— —_———

High QC
REcrit = 1.75

71
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2. RE

Example High QC
REcrit = 1.875
MCV assay
* TEa=7%
 SMa=4
Critical Random Error, RE_,;, Very High QC
RE_;: = SM + SMa REcrit = 1.25

REcrit = 0.875

72




g REcrit J s« -4
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'TEa Ta rget +TEa

B=2fL
SD=1fL

e B | (TEa—B)/SD
! TEa




g REcrit J s« -4

i : LS () )
REcrit SD J g e BNGLED K IS
rit=SM + SMa

'TEa Ta rget +TEa

B=2fL
SD=1fL

S B! (TEa-B)/SD
| TEa




Power Graphs: Tool for choosing appropriate QC

Example 100% 1:3s, N=1
SMa =2 o Power Function Graph (SE)
@M:7’ SEcnt@ ' it L -.----:...--.-.--...... Jeniiy ot

B. SM=5, SEcrit=3
C. SM=3.5, SEcrit=1.5

Q: Appropriate Ped?
A: Ped 290% & Pfr<5

Q: For which performance
is this QC appropriate?

Probability of Error Detection, Ped
Probability for Rejection (P)

0.0 1.4 1.5 20 aao i 5.0
Systematic Error @SE, multiples of s)

Probability of false
rejection, Pfr




Power Graphs ,
Sigma Scale for SMa = 2

SMa
2.0 3.0 4.0 5.0 6.0 7.0
1.0
Example 1 '
L e R
: i _ 2
A1C in routine testing S oo 136125 /Ryl
= _§ 003 — v
SMa =2 s 1 G
c— 0.01 —\_ 4 1
= = 134/256/Ry¢
A.SM=7 5 R
S 12
S
B. SM=5 5 ¢ S—
= 135
C. SM=3.5 = L T ——
< 1
S 2.55
= 001 — 1 1
£\
—\_1 /) 1

0.0 10 20 3.0 4.0
Systematic error (SE, multiples of s)



Power Graphs ,
Sigma Scale for SMa = 2

SMa
4.0 5.0 6.0 7.0 8.0
Example |
- -G — Py N
A1C inClinical Trials & 135/295/R g1
£ ‘0.03 4
SMa =4 g . J3s
' - by
N — 3s'“2s ' ‘4s
A. SM=7 » e
5 .
12g
B. SM=5 005  — 1
135
C. SM=3.5 000  — 2
1255
.01 — 1
135
0.00 — 1

0.0 10 20 3.0 4.0
Systematic error (SE, multiples of s)



Sigma Metric & Max E(Nuf) QC model

» Optimizing Run Size based on Sigma

Sigm@omogram
1000 .

7 i
§ 700 7 - I_",”I !:
o II . /7 i , 7
g 400 N/ 8W K
/ ’ 2 /'
v 300 / ’ Pﬂ |
= / 7 /= =—wm
2 200 " F # -+ «1:3sN4
= / / / 7 / — MR
E / / / — -1:38N2
@ 100 IR, ’ o= 128N1
=] / ”’ ly V4
g y , / = = 1:258N1
4 — n
2 I / / 1:38 N1
@ 50
» r / /’ /
c ,,
E : J: / / /
’ /‘, / / /
10

2.0 3.0 5.0 6.0
( SigmaScale )

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




Westgard Sigma Rules® with Run Sizes

DEVata

sac > Report Results €

A
I Yes
I
1
|
1

Take Corrective Action

6c | 56 | 40 | 30

» SM-individualized QC:
Using SM for planning individualized QC Strategies N, R, Rules, Number of Rules, Run size

Establishing Evidence-Based Statistical Quality Control Practice. Westgard JO, Westgard SA.
Am J Cling Pathol 2018



http://www.biochemia-medica.com/node/947

Sten Westgard, Hassan Bayat, James 0 Westgard. Special issue on Six Sigma metrics - experiences and
recommendations.Biochemia Medica 2018;28(2):020301.https://doi.org/10.11613/BM.2018.020301

Full text English (HTML) PFDE  Online publication date: June 15th, 2018

(3 pages)

Lessons in biostatistics

Hassan Bayat. Expected long-term defect rate of analytical performance in the medical laboratory: Assured Sigma versus
observed Sigma.Biochemia Medica.2018;28(2):020101 . https://doi.org/10.11613/BM.2018.020101

Full text Fralish THT M FNF Online nuhlicatinn date: Tune 15th. 2018
Hassan Bayat provides the most technical paper in this issue, delving into the details of the analytical
Sigma metric to reveal what we can calculate and what we may actually observe (10).

Sten Westgard, Hassan Bayat, James 0 Westgard. Analytical Sigma metrics: A review of Six Sigma implementation tools for
medical laboratories.Biochemia Medica 2018;28(2):020502.https://doi.org/10.11613/BM.2018.020502
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