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

Wytze Oosterhuis

Clin Chem 2011; 57: 1334
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Stockholm criteria

Desirable routine analytical goals for
quantities assayed in serum

Stöckl 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 < 0,5SDb
Total SD = (SDa

2 + SDb
2)1/2 SDa =0,5SDb

Total SD = ((0,5SDb)2 + SDb
2)1/2

Total SD = (0,25SDb
2  + SDb

2)1/2

Total SD = (1,25SDb
2)1/2

Total SD = 1,12SDb

analytical variation < 12% total variation
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Total Error concept

Westgard: 
One measure for uncertainty of the test result

TE = Z x SDa + bias 

Clin Chem 1974;20:825 
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TEa = 1,65(0,5CVi) + 0,25(CVi
2 + CVg

2)½
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TE = Z x CVa + bias

Z=1,65
TEa = 1,65 CVa+ bias 

CVa=0,5CVi

TEa = 1,65(0,5CVi) + bias

bias=0,25CVb

TEa = 1,65(0,5CVi) + 0,25CVb

CVb=0,25(CVi
2 + CVg

2)½

TEa = 1,65(0,5CVi) + 0,25(CVi
2 + CVg

2)½

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 <0,58SDbiol (with bias=0)
Bias <0,25SDbiol (with SDa=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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Example
TEa calculation CK
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CK:
CVwithin = 22,8%
Cvbetween = 40.0%

Imprecision = 0,5 x CVwithin = 11,4%
Bias= 0,25 v(CVwihin² + CVbetween²)   = 11,5%

TEallowable = Bias + 1,65 x imprecision =  11,5% + 1,65 x 11,4% = 30,3%

CK, total allowable error
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Conclusion

Gowans’ model is exact but:
- Only ‘CVb’ used for calculation of reference

values. CVa?
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Max. Bias = 0.27 * CVb= 0.25%

Max.  CVa= 0.59 * CVb= 0.55%

Gowans’ model is exact but:
- Only ‘CVb’ used for calculation of reference

values. 
Alternative: (CVa0

2 + CVi
2 + CVg

2)1/2 !
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Gowans’ model is exact but:

- Only ‘CVb’ used for calculation of reference values. 
Alternative: (CVa0

2 + CVi
2 + CVg

2) ½

- To use for monitoring:
Alternative: change to reference change model:

RCV = v2 x Z x (CVi
2 + CVa0

2)½
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Summary: different steps: 

1) Decision to use test based on: e.g. CVa<0,5CVi (or other)
- CVa0 and reference values present

2) Apply RCV model, test should remain within curve

3) Develop ICQ

4) Keep bias close to zero with EQA (1st grade QC material) 
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