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Defining analytical performance specifications:
Consensus Statement from the 1st Strategic
Conference of the European Federation of Clinical
Chemistry and Laboratory Medicine

Model 1. Clinical outcomes

Model 2. Biological variation <

Model 3. State-of-the-art
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Task & Finish Group Total Error

Terms of Reference:
Proposal:
-how to use the total error concept

-how to possible combine performance specifications for bias
and imprecision.

Deliverable:
A manuscript dealing with this topic.
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Criteria for Judging Precision and Accuracy in
Method Development and Evaluation

James O. Westgard, R. Neill Carey, and Svante Wold'

|
1

TRUE VALUE S
PRECISION %——‘m‘:—{
ERROR
ACCURACY (1) | R
(2) [TOTAL ANALYTIC ERROR)

Fig. 1. Definitions of precision and accuracy in terms of
random, systematic, and total analytic errors

TE = bias + z x SD,

Clin Chem 1974;20:825



Quality goals in external quality assessment are best
based on biology

C. G. FRASER & P. HYLTOFT PETERSEN

TE, = 1.65(0.5CV)) + 0.25(CV2 + CV2)%

Scan J Clin Lab Invest 1993; 53 suppl. 212: 8-9.
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| Westgard QC LA

-
LTY REQUNEMENTS » BIGLOGICAL VARIATION DATARS

Example CK: TE,

collagen [5-L1x)

C-Telopeptide of type | collagen/creatinine, 1st

. 328 |48.0 16.4 14.45
marning

C-Telopeptide type | collagenf/creatining, 2nd
T

Creatine kinase [CK)

234 |- 1.7

228
]

Creatine kinase MB, activity

CV
CV

=22.8%
=40.0%

I(within)

G(between)

Imprecision =0.5x CV, =11.4%
Bias = 0.25 V(CV2+ CV2) =11.5%

TE = Bias + 1.65 x imprecision = 11.5% + 1.65 x 11.4% = 30.3%

allowable
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Linear model:

TE, = 1.65(’5CV,) + 0.25(CV 2+ CV?)* = constant

TE, 2 zCV, + bias Method Performance Report (Sigma Score) (Oct 2018)
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Sigma = (TE,-bias)/CV
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Desirable routine analytical goals for quantities assayed
in serum
Stockl et al. Eur J Clin Chem 1995; 33: 157

“A stricking feature is the fact that all of the individuel approaches
described recommend numbers for analytical standard deviation
near or equal to 0.5 times the biological standard deviation”

Imprecision <0.5CV, = analytical variation <12% total variation

TE, = 1.6 0.25(CV2 + CV2)%

«n
r 4 zuyderland



«n
pup|iapAnz &

Fewuag ‘D Asuap) ‘rendsoy Aisisamuny ssuap CAnsmuay)y [Eoun) Jjo wawnedagyl pue
‘pue(i0ag ‘aspung] ‘[0oyag [Edpajy pue [endsop] s|jamauipy ‘Sutipay [ernwagiong jo juawgredagy,

- +HddEYOH "KW ®
IDHArdvyyYy1d 'O £°NASHALAd LAOLTAH 'd +4:.'SNYMAOD 'S "W °H

vale [eorydeisood e
INOYFNOIY) SILIOIRIOQR] I0] S[BAIDIUI 9JUQIDJAI
uowrwod jo dduejdadde ay) 10J S[ROT [RONA[RUY

POL-LEL -BF -BROGI 152aU] qe] ullh [ pueay




pupjiapAnz o8

09¢ 002 obT

\q $96T gg T=ewsiS as9ee’r g
il %S’
- 9'0€=Aas o
O0<=ue=|n]

%56




pupjiapAnz o8

|ea1bololgAD/IednAleUBAD OlEl

L0 a0 S0 ¥ 0 0 Lo

o]

|ea1bololgAD/selq onel

as
96°L 3PISINO0 %9y YUm uoisioaidwl pue seiq Jo 3AIND |[elauas5)




The estimate for bias:

SD, <0.58SD,,, (with bias=0)
Bias <0.27SD,,, (with SD_=0)

Gowans et al. Scan J Clin Lab Invest 1988; 48: 757
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Problems:
Conventional model is flawed:
TE, = 0.25CV; + 1.65(0.5CV))

Summing of mutual exclusive
terms.
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Gross Overestimation of Total
Allowable Error Based on
Biological Variation

To the Editor:

Clinical Chemistry 57:9 (2011)



Other problem: mixing of models for monitoring and diagnosis:

Diagnosis

Maximum imprecision CV,, <0.5(CV2+CV 2)Y2
Maximum bias < 0.25(CV+CV 2)1/2
Monitoring

Maximum imprecision CV, < 0.5CV,

Maximum bias <0.25(CV2+CV 2)Y2 ?
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Models for permissible bias and impecision, CK

35
30 ~#-TE conventional=#=Larsen
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JCGM 100:2008
S:-'#?: 1995 with minor corrections MeaSU I‘ement
_ uncertainty

\
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GUM Guideline to the expression of uncertainty in measurement:

- “true value”does not exist/cannot be known or considered
irrelevant

- Take all sources of uncertainty into account

- Correction of bias, include uncertainty of correction
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ISO 15189:2012:

“The laboratory shall determine measurement
uncertainty for each measurement procedure in
the examination phases used to report measured
guantity values on patients’ samples.

The laboratory shall define the performance
requirements for the measurement uncertainty of
each measurement procedure and regularly review
estimates of measurement uncertainty.”
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Uncertainty model
Bottom-up: complex mathematical model

e .
Sample dilution Sample absorbance reading
x random varation
‘\.
\‘ pipetie
\ callbration tﬂ'ﬂﬂ- SH'I‘IFE volume wmtm I'Em‘ll wolume
. ‘ .
' ¥ o
v ’ '
L * sample . stabiity
L s Tl sample stabil
T }‘ volume P ity random variation
i . variation
@andom % ' .
varfaton Y, random interferences s reaction conditions
" |.‘ variation
% %
final . i i random varation
mlume___r__q___‘r_h‘ linearity of detecior
; ; X response
.
k . .
Mask temp. ' random variation reaction time
callbration .
h
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in serum
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stabiity randam
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: stability
*samples containing =1400 pmal L
reaction time calibrator volume are manually diluted
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Calibrator absorbance reading

Figure 3: Cause and effect diagram identifying possible sources of unceriainty associated with the determination of creatinine in serum.



Uncertainty model

Top-down: based on quality control results

Mational
Setling standards Measurement
i analytical science Syatem
H .
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Figure 6: Low level creatinine guality control chart. Same as Figure 5B.

The time frame will have an important effect on the estimation of bias.
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Problems:

- TE model flawed

- How to combine random and systematic errors?
- Include uncertainty of bias?

- How to calculate allowable TE and MU?

- How to define quality limits?
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Terms of Reference TE Task&Finish group:
Proposal:
- how to use the total error concept

- how to possible combine performance specifications
for bias and imprecision.
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Performance specification: CV, <0,5CV,

- Performance specification as maximum variation
- For QC (sigma) we need a performance limit

Sigma = 1,65(0,5CV,)/CV,
=1,65
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pTE = 1.65(0.5CVi)

Limit IQC (3SDa)

Upper limit (4,655Da=1.655Dmax)

p=0;0=1(=0,5SD)

0.5CVi=1.65SD

. & zuyderland



Not logical:
1) Sigma metric: performance limit based on z=1.65 is arbitrary.
2) Sigma metric of 1.65 is low: CV_=0.5CV, cannot be maintained by QC.

3) Contrast with Six Sigma model: performance limit, but at the same time 5%
outside limit is acceptible.

How to translate a maximum CV, to a performance limit
and sigma metric?
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pTE = 2.5(0.5CVi)

141 Limit IQC (3SDa=1.64SDmax)
Upper limit (4.655Da=2.54 SDmax)
124
l_ -
08+ §Da=0,55

p=0;0=1(=055D)

0.5CVi = 2.5 sigma

. & zuyderland



Quality control and measurement in industry
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Measurement Systems Analysis

MSA

Fourth Edition

Measurement Systems Analysis Reference Manual, Fourth edition, Chrysler Group
LLC, Ford Motor Company, General Motors Corporation (Automotive Industry
Action Group, AIAG), Detroit-Michigan, USA, June 2010.
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“G age R& R” Reference Value

‘\
2 L 2 2 f’f’r\\\
O-GRR o Jr‘epmducfbﬁfa' + gr@penfabr’fi{}-‘ : %
Repeatability = imprecision e : R
| Repeatability |
Reproducibility =
batch-to-batch variation ey oy
between-run variation : Reproducibility |
between instrument bias | | |
1 |
: '
\ :
: :
Appraiser A C B
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wobei
k = 3, Erweiterungfakior fur die Berechnung der laboratoriumsinternen
Fehlergrenze

Sep. EMpirische Standardabweichung der zur Berechnung herangezogenen
Kontrollprobenmessungen in der Ermitllungsperiode (ep)

Ogp. SYstematische Messabweichung der zur Berechnung herangezogenen
Kontrollprobenmessungen in der Ermittlungsperiode (ep)

RiliBak
Richtlinie der Bundesarztekammer
zur Qualitatssicherung laboratoriumsmedizinischer Untersuchungen
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“NDC: Number of Distinct Categories”

NDc:ﬁ( Tpare )

Omeasurement
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NDC: Number of distinct categories = 4

Variation of product Variation of measurement

y : zuyderland



NDC: Number of distinct categories

Gage R&R Decision NDC Comments

May be acceptable forsome Decision should be based upon, for example, importance
of application measurement, cost of measurement
device, cost of rework or repair. Should be approved by
customer.

applications

y : zuyderland
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Conclusions:
-TE and MU models both have their place
-Consensus on an improved error model is needed

-We could be inspired by ideas outside clinical chemistry
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End
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