Deriving performance criteria for laboratory tests:
which model should be used?

Wytze Oosterhuis

Gross Overestimation of Total
Allowable Error Based on
Biological Variation
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Stockholm criteria
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I. Evaluamtion of the effect of analytical perfos-
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8. Dala based on components of biological

ferirpmcie s variation
Sy & b Dats based on amilysis of dinicians’
Crade

amnions

i From mationn! and inlcrmational expert
bodies
b. From expert loca! groups or individuals

4 Performunce goak set by
a. Regulaiory bodios
b Ovgunioers of External Cuakty Assess
ment {EQA) schemes

. Goals based on the current state of the arl

o As demonstrated by data from EQA or
Proficiency Tesling schame

b As found in current publeatrons on

methodology

Desirable routine analytical goals for
guantities 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 standards deviation”

Imprecision <0,5SD,
Total SD = (SD,2 + SD)2 SD,=0,5SD, —>
Total SD = ((0,5SDy,)?+ SD) 2
Total SD = (0,25SDy? + SD2)¥2
Total SD = (1,25SD2)¥2

Total SD = 1,12SD,,

— analytical variation < 12% total variation




Total Error concept

Westgard:
One measure for uncertainty of the test result

AT AR FORTY MF QUINT

Criteria for Judging Precision and Accuracy in
Method Development and Evaluation

James 0. Wesigard, R. Nelll Carey, and Svanie Wold'
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Fig. 1. Definitions of precision and accuracy in terms of
random, systemalic, and total analytic emors
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Quality goals in external quality assessment are best
based on biology

C. G. FRASER & P, HYLTOFT PETERSEN

+[1.65 (12CW) + 114(CV + V)

TE,=1,65(0,5CVi) +0,25(CV;2+ CV 2)*

There are many data [3] on within-subject
(C¥)) and between-subject (CFy) biclogical
variation which allow genemtion of quality
goals for EQAS as:

allowable imprecision < L2CF,;
.1 ]
allowable inaccuracy < Va(CFy + CVFy')

These specifications should be fulfilled sepa-
rately and EQAS appropriately designed. How-
ever, when only a single deternunation of each
survey material is used or allowed, the 95%
acceptance range (for total error) for each lubo-
ratory from the target value is:

1 [1.65 (V2CW) + Va(CV, + ¥




TE= ZxCV, +bias

Z=1,65
TE,= 1,65CV,+ bias

CV,=0,5CV,
TE,= 1,65(0,5CV,) + bias

bias=0,25CV,
TE,= 1,65(0,5CV,) + 0,25CV,

CV,=0,25(CV;2 + CV,2)*

TE.=1,65(0,5CV.) +0,25(CV.2+ CVgZ)l/z
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The estimate for bias: (Gowans et al.)

- IFCC guideline for calculation of reference values.
- N=120
- maximum of 4,6% outside the reference limit

SDa <O,588Dbi0| (W|th b|aS:O)
Bias <0,25SDy,, (with SD,=0)

The reference values are based on both with- as between
individual variation.

Scan J Clin Lab Invest 1988; 48: 757
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Scand | Ciim Lab Invest 1988; 38 T57-Thd

Analytical godls for the acceptance of common
reference intervals for laboratories throughout
a geographical area

E, M5 GOWANS.» P, HYLTOFT PETERSEN.t O, BLAABIERG®

& M. HOBRDERY
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Example
TE, calculation CK
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CK:
CVyithin = 22,8%
CVbetween =40.0%

Imprecision = 0,5 X CVyiinin = 11,4%
Bias= 0125 V(vaihin2 + CVbetweenz) =11,5%

TE.iowable = Bias + 1,65 x imprecision = 11,5% + 1,65 x 11,4% = 30,3%
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TEa = 30 3% CK, total allowable error
\ TEa = biag|+ 1,65 x imprecision
/nax: 18,9
25 /
SE(%), TEa 2o = — —=
| - TEaQ)
15 —
) o
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/ Allowable imprecision = 11,4%

Allowable bias = 11,5%
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Conclusion

Comparing 18.9% with 30.3%,
we see that TEa is overestimated in
the latter model. For different pur-
poses, the maximum allowable im-
precision and bias have been de-
rived separately from dara on
biological variation. To combine
these maximum values into a sin-
gle expression has no theoretical
basis and leads to gross overestima-
tion of TEa.
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Gowans’ model is exact but:

- Only ‘CV,, used for calculation of reference
values. CV,?
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Example Sodium

Maximum bias and imprecision Na

Gowans CVb CVi: 0,6%
03 CVg=O,7%
CV,=0,92

~_ CV, = 1,06%

~—
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01 0,2 03 04 05 06

Imprecision % / T

Max. Bias = 0.27 * CV,= 0.25% /

Max. CV,= 0.59 * CV,= 0.55%

Gowans’ model is exact but:

- Only ‘CV,, used for calculation of reference
values.

Alternative: (CV,%+ CV;2 + CV,2)12 !

EFLM

LROPLAN FECLRATIGN
OF CLASCAL Coif WA TRY.
AT L ABCAA O LT DeTNT




Bias %
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Maximum bias and imprecision Na
Gowans CVb and alternative model
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Imprecision %

CV,=0,6%
CV,=0,7%
CV,=0,92

CV,0 = 1,06%

Gowans’ model is exact but:

- Only ‘CV,’ used for calculation of reference values.

Alternative: (CVq?+ CVZ + CV,?)*

- To use for monitoring:

Alternative: change to reference change model:

RCV = v2 X Z x (CV?2 + CV,2)*
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|Calculation Blas-imprechlen Curve According to Reference Change Value Modal il

Test! ha Aefance Change Value Model
EVI [V within]| 0,60

2

Imprecision,CVad 1,06 | N
Actualbims! 000 | S
Actiisl total linpeacision, CVa] 1,06 | % e
" imprachion max biaest]] LI | % | . e
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Maximum bias and imprecision Na
Gowans CVb and alternative model

Imprecision %

Summary: different steps:

1) Decision to use test based on: e.g. CV,<0,5CV; (or other)
- CV,o and reference values present

2) Apply RCV model, test should remain within curve
3) Develop ICQ !

4) Keep bias close to zero with EQA (15t grade QC material)
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