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Not all biases are created equal: how 
to deal with bias on laboratory 

measurements

Mauro Panteghini
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Definition International Vocabulary of Metrology, JCGM 200:2012  

MEASUREMENT BIAS = estimate of a systematic measurement 
error = component of measurement error that in replicate 
measurements remains constant or varies in a predictable manner
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EU 98/79/EC-IVD Directive

REGULATION (EU) 2017/746 OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL of 5 April 2017 

on In Vitro Diagnostic Medical Devices and 

repealing Directive 98/79/EC

Both require IVD manufacturers to ensure metrological traceability of their 
IVD-MDs  to higher-order references 
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This standard is no longer just an informative document 
for the IVD manufacturers, but it has become a

normative reference to the EU IVD Regulation, obliging 
the industry to implement metrological traceability as 

described in the document
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Key responsibilities of IVD manufacturers

Braga F & Panteghini M, Clin Chim Acta 2014;432:55
Braga F et al. CCLM 2021;59:291
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Uncertainty of calibrator

Bias, systematic 

measurement error due to, 
e.g., inappropriate model for the 
calibration curve, incorrect values 
assigned to the calibrators, matrix-

related bias, etc.

Bias correction, 

realignment of IVD-MD by 
adjusting the value assigned

to the calibrator

Provide unbiased 
clinical results

BIAS CORRECTION by IVD manufacturers during the trueness transfer process

Panteghini M. Clin Chem Lab Med 2024 Nov 26. doi: 10.1515/cclm-2024-1208. Online ahead of print
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Which bias?

1. Bias arising from an insufficient correction during the 
implementation of traceability to higher-order references, 
because of manufacturing limitations, such as, e.g., the use 
of too large validation criteria for traceability and value 
assignment of different IVD calibrator lots. 

How to deal with bias on laboratory measurements
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- -Glutamyltransferase 2^ gen. -

Manufacturer’s calibrator release specification: ±14% from the target

- Serum folate -

Manufacturer’s calibrator release specification: ±10% from the target

BUT: Desirable maximum allowable uncertainty on clinical samples: ±4.5%

The manufacturers’ internal specifications to validate the 
calibrator traceability to higher-order references (and its 
measurement uncertainty) may not be based on suitable 

performance specifications

BUT: Desirable maximum allowable uncertainty on clinical samples: ±8.0%
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Which bias?

1. IVD-MD BIAS  when medically unacceptable, this 
source of bias in the individual laboratory’s stable 
performance can be discovered by the ongoing IVD-MD 
surveillance by traceability-based EQA and should be 
confirmed by an ad-hoc experiment 

How to deal with bias on laboratory measurements
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Requirements for a traceability-based EQA

Panteghini M. Clin Chem Lab Med 2023;61:759
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• AIM: Confirm (or not) the analytical quality required to deliver 
laboratory test information that would satisfy clinical needs, 
including the traceability of the calibration and the test result 
equivalence among laboratories (i.e., result harmonization).

• PREMISE: EQA programs should meet requirements for 
evaluation of the performance of participating laboratories in 
terms of traceability of their measurements and harmonization 
of their results. 

• CRITERIUM: The deviation of a laboratory measurement from 
the value assigned to the EQA material should stay within the 
expanded MAU for that measurand.

EQA evaluation of the performance of participating laboratories in terms 
of traceability of their measurements and harmonization of their results
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[Panteghini M & Krintus M. Crit Rev Clin Lab Sci 2024]
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If EQA results in following exercises are all above or below the maximum 
allowable uncertainty limits, a medically unacceptable measurement bias can 
be suspected*
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* The drawback with EQA is that the laboratory result is based on one measurement for exercise, 
which results in an increased uncertainty compared to a mean value. This is why a suspicion of 
bias needs to be confirmed by at least 3 following results all above or below the limits.
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Lot. Cal. 40043Y600Lot. Cal. 30410Y600

Change calibrator lot

Example: Creatinine measurement by Abbott Architect

DESIRABLE 
MAXIMUM 
ALLOWABLE 
UNCERTAINTY

Pasqualetti S et al. Clin Chim Acta. 2015;450:125
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How to confirm an IVD-MD bias by ad-hoc experiments



Use of a commutable certified reference material (CRM)
as trueness control

Perform triplicate measurements of CRM for four consecutive days (n=12)
Calculate the mean of means of triplicate measurements
Calculate bias by using the mean of means of triplicate measurements and target 

value of CRM
 The estimated bias is considered significant if: (xref – xIVD-MD) >2*ubias, where xref is 

the certified CRM value, xIVD-MD is the mean of mean of means of triplicate 
measurements, and ubias is equal to √(uref

2 + SDmean
2), where uref is the standard MU 

of the CRM and SDmean is the standard deviation of the mean value of CRM 
obtained by the evaluated IVD-MD, calculated as SD/√n, where SD is the standard 
deviation of the replicate measurements of the CRM and n=12.

How to confirm an IVD-MD bias by ad-hoc experiment (I)
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Example: Creatinine measurement by Abbott Architect

Pasqualetti S et al. Clin Chim Acta. 2015;450:125
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Method comparison study on a set of clinical samples 
with a mentor procedure (reference measurement 
procedure, if available) 

1. Minimum 40 clinical samples

2. Cover 90% of the method measurement range

3. Replicate measurements with both methods

How to confirm an IVD-MD bias by ad-hoc experiment (II)



Significant constant and proportional bias
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Regression equation
y = a (95% CI) + b (95% CI) x 

Excluding 0
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y = x Excluding 1
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ALP2 = 1.178 IFCC RMP + 0.03

Comparison between Abbott Alinity ALP 2nd gen. vs.
IFCC reference measurement procedure

Bianchi G et al. Clin Chem Lab Med. 2024;62:280

Example: ALP measurement by Abbott Alinity

Even if a measurement bias is 
statistically significant, the final 
assessment of significance should be 
based on its impact on clinical 
interpretation of measurement results 
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Steps related to how to deal with major bias on clinical 
measurements

Braga F & Panteghini M. Clin Chem Lab Med 2020;58:1407
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Milan model allocation and proposed analytical performance specifications 
(APS) for standard MU on clinical samples of 56 common laboratory measurands

[Panteghini M. Clin Chem Lab Med 2024;62:1497]
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There has been a long debate about the correctness of the “variance 
approach” treating bias (asymmetric) as a standard MU component 
(symmetric), which is added in the usual root-sum-of-square (RSSu) manner:                                  
 (MUcal

2 + MUend-user
2 + IVD-MD-related bias2)½

Including uncorrected IVD-MD bias in uncertainty calculations:         
a breathtaking twist of logic?

[Thienpont LM. Clin Chem 2008;54:1587][Hyltoft Petersen P et al. Clin Chem Lab Med 2001;39:589]
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The contentious nature of the “enlargement approach” is demonstrated by the numerous articles 
describing procedures for inclusion of uncorrected bias into the overall MU budget  
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A variety of modeling methods using the “variance approach” have been 
proposed, but no one is perfect.

“The analysis of variance is not a mathematical theorem but a simple 
method of arranging arithmetical facts to isolate and display the 
essential features of a body of data with the utmost simplicity”.

Sir Ronald Aylmer Fisher

1890-1962

Whether statistics should primarily be used for making decisions or for 
investigating factors causing variation continues to be amongst the most 
compelling causes of disagreements in statistics.

“In medical laboratories attempting to fulfil APS for measurement uncertainty, there is a 
need to identify the factors that primarily cause variation in different circumstances to 
make effective decisions aimed at decreasing measurement uncertainty in the interest of 
fulfilling APS.”

Elvar Theodorsson, Clin Chem Lab Med 2024;62:1520
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The proposed model should be simple to apply in daily lab 
practice, not for reporting MU with given results but just to 
establish if the estimated IVD-MD bias can influence the 
fulfillment of APS for MU.

The choice of a specific “MU enlarging model” is therefore not 
compelling, particularly if a laboratory sets limits to acceptable 
bias.
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O'Donnell GE, Hibbert DB. Analyst 2005;130:721

RSSu

RSSu curve at bias >1.8 x significant bias ratio start to overestimate the uncertainty 
interval slightly (“consistent expansion of the coverage properties”)

The “enlargement approach” combining the systematic error as a standard 
uncertainty with the other but genuine standard MU components by using RSS 
model should be considered the most pragmatic and simplest compromise. 
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Measurement Uncertainty Survey Results
August 2024

How do European labs handle bias in the calculation of MU?

Do not 
include bias

37%

Correct bias 
and add bias 
uncertainty

23%

Treat bias 
itself as 
another 
variance

22%

Don't know
18%
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1. Considering bias separately and use specific APS for bias

2. Including bias itself in MU and use specific APS for MU

in cases of “IVD-MD bias” the results must be 
inescapably corrected

Whatever you decide:

Where an IVD-MD-related bias is not corrected for, it is clearly 
misleading to report only the uncorrected result and an 

uncertainty that does not take account the known and significant 
systematic error.
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Where do the obligations of laboratory professionals 
end and IVD manufacturers’ obligations begin when an 

IVD-MD bias is detected and must be corrected?
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It is the responsibility of 
the manufacturer 

appropriately warned to 
take an immediate 
investigation and 
eventually fix the 
problem with a 

corrective action 

Once detected, the 
laboratory should 

immediately 
introduce a factor 

for the bias 
correction



32

 It is the responsibility of the IVD manufacturer, or the laboratory in 
the case of LDT, to take immediate corrective action. 

 If the manufacturer is unable to rectify an unacceptable bias, the 
laboratory may, if local regulations permit, manage such 
measurement bias by applying a correction factor to the results or by 
re-assigning a calibrator value. 

 When the laboratory implements a correction for a medically 
significant measurement bias, the laboratory should estimate and 
account for ubias in the estimate of u(y) [Annex C.5].
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Because performed by different laboratories on a voluntary basis, the jeopardized 
use of correction factors may create a situation worsening the harmonization 
status, where the same IVD-MD is corrected or not depending on the individual 
end-user’s decision.

The use of bias correction factors by individual laboratories represents a de facto
alteration of the IVD-MD status, depriving the system (and, consequently, the 
produced results) of the certification originally provided through CE
(‘Conformité Européen’) marking by the manufacturer.

The introduction of correction factors by individual laboratories requires the - in 
many cases unrealistic - responsibility to carefully monitor the persistent need and 
stability of such factors, as the manufacturer may take its responsibility to correct 
the source of IVD-MD-related bias in the reagent production stage without any 
explicit communication.

Involved laboratories should primarily insist in order that the providing 
manufacturer quickly solves the issue. Progress in the definition of responsibilities 
is hopefully expected as quickly as possible.



34

Which bias?

1. Bias arising from an insufficient correction during the 
implementation of traceability to higher-order references

2. Systematic variation due to sudden changes in the 
alignment of the IVD-MD, arising from poor calibrations 
or changes of reagent or calibrator lots  LABORATORY 
COMPONENT OF BIAS

How to deal with bias on laboratory measurements
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 Medical laboratories should rely on IVD manufacturers, which 
entirely assume the responsibility of ensuring traceability of their 
products to the highest available reference and to provide 
unbiased results.

 However, even if the IVD-MD is correctly aligned in the 
validation steps and the bias is correctly eliminated, during daily 
use the system may undergo some systematic changes, such as 
those caused by poor recalibrations and lot changes. 

This “implementation-dependent” sources of randomly 
occurring bias are incorporated in the estimate of MU on clinical 
samples through MUend-user and can be tolerated until the former 
fulfills the predefined maximum allowable uncertainty (MAU). 

35
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2 + MUend-user
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MUref
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Sources of measurement uncertainty (MU) across the entire metrological 
traceability chain contributing to the estimate of MU of clinical sample [u(y)]

Estimated by 
IQC component II
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Defining and deriving MUend-user as ‘precision under 
intermediate reproducibility conditions’ according to the 

ISO/TS 20914:2019 guidance
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Main sources of ‘within-laboratory precision under intermediate 
reproducibility conditions’ 

van Schrojenstein Lantman M et al. Clin Chem Lab Med 2022;60:681
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in which the laboratory component of bias is 
interrelated with random sources of variability  
in MUend-user to be compared with allowable MU

MUTUAL EXCLUSION MODEL
OF IMPLEMENTATION-DEPENDENT 
BIAS VALIDATION

Consider the average u(y) for a given IVD-MD as
(1.02 + 1.92 + 4.52) = 5.0%, with a MAU of 10.0%.

In this situation, the max allowable laboratory component of bias that is
permitted ‘’to enlarge’’ u(y) will be
= (10.02 – 1.02 – 1.92 – 4.52) = 8.7%

In this mutual relationship, smaller
bias is better because, becoming

part of the MU, it eats MU budget

Panteghini M. Clin Chem Lab Med 2024 Nov 26. doi: 10.1515/cclm-2024-1208. Online ahead of print
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If u(y) is >MAU
It would be necessary by medical laboratory to verify all analytical conditions that may affect 

MUend-user including systematic changes.

How is the MUend-user of other analytes 
determined on the same material or 

on the same instrument?

Has full instrumental
maintenance 

been carried out?

Were calibrations performed 
that significantly changed 

the results?

Has the lot of reagent 
been changed?

What are IQC-I and 
EQA data like?

Is the reagent 
on board stable?

Has the reagent been 
reconstituted and stored

properly?

If u(y) is not fulfilling MAU because of too wide systematic deviations, a readjustment of the 
measuring system by the end-user must be undertaken to try to correct the bias that became 

significant., e.g., by a recalibration step.



42

If the significant bias remains and the calculated u(y) is still not 
meeting the predefined MAU, the IVD manufacturer should be 
requested to take immediate investigation and corrective action to 
rectify the problem. 
In particular, the IVD manufacturer should be asked to reconsider:
1. the quality of the product in terms of performance stability
2. the internal specifications for accepting MUcal

3. the metrological chain selected for implementing traceability.
The ultimate option can be the replacement of the IVD-MD if the MU 
of the measuring system is stably exceeding MAU and other 
marketed IVD-MD are performing better.



Panteghini M. Clin Chem Lab Med 2024 Nov 26. doi: 10.1515/cclm-2024-1208. Online ahead of print
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 The bias should not be considered in isolation.

 Its magnitude may, or may not, be significant only if compared with the 
required measurement uncertainty.

 A unifying approach to bias in the name of measurement uncertainty is
therefore recommended.



Thank you for listening


