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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.

Task & Finish Group Total Error



Members:

Wytze Oosterhuis (NL) Chair

Dave Armbruster (US)

Hassan Bayat (IR)

Patrick Bossuyt (NL)

Abdurrahman Coskun (TR)

Peter Deman (NL)

Ana-Paula Faria (PT)

Kathleen Freeman (UK)

Anders Kallner (SW)

Dave Koch (US)

Finlay MacKenzie (UK)

Gabriel Migliarino (AR)

Matthias Orth (DE)

Hanna Ritzen (SW)

Marit Sverresdotter Sylte (NO)

Johan Surtihadi (US)

Elvar Theodorsson (SW)

Sten Westgard (US)

Task & Finish Group Total Error

Supervisors:

Sverre Sandberg

Mario Plebani

Mauro Panteghini





TE = bias + z x SDa

Clin Chem 1974;20:825 



TEa = 1.65(0.5CVI) + 0.25(CVI
2 + CVG

2)½

Scan J Clin Lab Invest  1993; 53 suppl. 212: 8-9.



CVI(within) = 22.8%

CVG(between) = 40.0%

Example CK: TEa

Imprecision = 0.5 x CVI = 11.4%

Bias = 0.25 √(CVI² + CVG²)     = 11.5%

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



Linear model:

TEa = 1.65(½CVI) + 0.25(CVI
2 + CVG

2)½ = constant

TEa ≥ zCVa + bias

bias ≤ -zCVa + TEa

y=ax + b

Sigma = (TEa-bias)/CVa

= z



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 standard deviation”

Imprecision <0.5CVb analytical variation <12% total variation

TEa = 1.65(0.5CVI) + 0.25(CVI
2 + CVG

2)½









The estimate for bias:

SDa   <0.58SDbiol (with bias=0)

Bias <0.27SDbiol (with SDa=0)

Gowans et al. Scan J Clin Lab Invest 1988; 48: 757

TEa = 1.65(0.5CVi) + 0.25(CVi
2 + CVg

2)½



Problems:

Conventional model is flawed:

TEA = 0.25CVB + 1.65(0.5CVI)

Summing of mutual exclusive 

terms.

Clinical Chemistry 57:9 (2011)



Other problem: mixing of models for monitoring and  diagnosis:

Diagnosis

Maximum imprecision CV
A

< 0.5(CV
I
2+CV

G
2)1/2

Maximum bias < 0.25(CV
I
2+CV

G
2)1/2 

Monitoring

Maximum imprecision CV
A

< 0.5CV
I

Maximum bias                    < 0.25(CV
I
2+CV

G
2)1/2 ?



Models for permissible bias and impecision, CK 



Measurement 

uncertainty



- “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

GUM Guideline to the expression of uncertainty in measurement: 



ISO 15189:2012: 

“The laboratory shall determine measurement 

uncertainty for each measurement procedure in 

the examination phases used to report measured 

quantity 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.”



Uncertainty model
Bottom-up: complex mathematical model 



Uncertainty model
Top-down: based on quality control results



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











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? 



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.







Performance specification: CVA <0,5CVI 

Sigma = 1,65(0,5CVI)/CVA

= 1,65

- Performance specification as maximum variation

- For QC (sigma) we need a performance limit



pTE = 1.65(0.5CVi) 

0.5CVi = 1.65 SD



Not logical:

1) Sigma metric: performance limit based on z=1.65 is arbitrary.

2) Sigma metric of 1.65 is low: CVa=0.5CVi 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 CVa to a performance limit 
and sigma metric?



0.5CVi = 2.5 sigma

pTE = 2.5(0.5CVi) 



Quality control and measurement in industry



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.



“Gage R&R”

Repeatability = imprecision

Reproducibility = 

batch-to-batch variation

between-run variation

between instrument bias



RiliBäk
Richtlinie der Bundesärztekammer
zur Qualitätssicherung laboratoriumsmedizinischer Untersuchungen 



“NDC: Number of Distinct Categories”



NDC: Number of distinct categories ≥ 4 

Variation of product Variation of measurement 



NDC: Number of distinct categories

Clinical chemistry: CVI/CVA ≤0,5 = 50%





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



End


