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Abstract

Establishing metrological traceability to an assigned value of a matrix-based certified reference 

material (CRM) that has been validated to be commutable among available end-user measurement 

procedures (MPs) is central to producing equivalent results for the measurand in clinical samples 

(CSs) irrespective of the clinical laboratory MPs used. When a CRM is not commutable with CSs, 

the bias due to noncommutability will be propagated to the CS results causing incorrect 

metrological traceability to the CRM and nonequivalent CS results among different MPs. In a 

commutability assessment, a conclusion that a CRM is commutable or noncommutable for use 

with a specific MP is made when the difference in bias between the CRM and CSs meets or does 

not meet a criterion for that specific MP when compared to other MPs. A conclusion regarding 

commutability or noncommutability requires that the magnitude of the difference in bias observed 

in the commutability assessment remains unchanged over time. This conclusion requires the CRM 

to be stable and no substantive changes in the MPs. These conditions should be periodically 

reverified. If an available CRM is determined to be noncommutable for a specific MP, that CRM 

can be used in the calibration hierarchy for that MP when an appropriately validated MP-specific 

correction for the noncommutability bias is included. We describe with examples how a MP-

specific correction and its uncertainty can be developed and applied in a calibration hierarchy to 

achieve metrological traceability of results for CSs to the CRM’s assigned value.

Background

TERMINOLOGY FOR MEASUREMENT PROCEDURE, MEASURING SYSTEM, AND 
IN VITRO DIAGNOSTIC MEDICAL DEVICE: As explained in part 1 of this series (1), we 

use the term measurement procedure (MP) when referring to a written specification for equipment, 

reagents, calibrators, and other components for making a measurement. We use the term in vitro 

diagnostic medical device (IVD-MD) for a physical measuring system manufactured according to 

the MP specifications and used to make measurements on clinical samples (CSs). An IVD-MD 

can be manufactured by a commercial company or by a clinical laboratory for its own use as a 

laboratory developed test.

INTRODUCTION

Standardized results among different MPs for the same measurand are essential for the 

application of clinical practice guidelines that direct medical decisions based on specific 

values of the measurand determined in CSs. Establishing metrological traceability of 

reported values for CSs to a certified reference material (CRM) for all available IVD-MDs 

for the measurand as described in ISO 17511 (2) is an accepted approach to achieve 

equivalent reported values.

Matrix-based CRMs are required to be commutable with CSs to be suitable for use in the 

calibration hierarchies of IVD-MDs (1, 2). Figure 1, A shows results from a difference in 

bias commutability assessment (3) where most of the IVD-MDs in the assessment had very 
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small biases between the CRM and CSs, and the CRM was considered to be commutable 

with the CSs for use with those IVD-MDs. Figure 1, A shows that the difference in bias 

between the CRM and CSs for IVD-MD5 was large, and the CRM was considered to be 

noncommutable with the CSs for use with IVD-MD5. Figure 1, B shows that if the CRM is 

used as a calibrator for IVD-MD5, the results for CSs are biased low compared to any of the 

other IVD-MDs in proportion to the bias (referred to as noncommutability bias) seen in Fig. 

1, A for the CRM vs. CSs with IVD-MD5. The magnitude of the noncommutability bias of 

the CRM for IVD-MD5, shown in Fig. 1, A, can be used as a correction for 

noncommutability bias in the calibration hierarchy of IVD-MD5 such that results for CSs 

will agree with results from the other IVD-MDs as shown in Fig. 1, C.

Unfortunately, there are matrix-based CRMs in use that are either noncommutable for use in 

the calibration hierarchies of some IVD-MDs, or have not been validated for commutability 

and are functionally noncommutable. In these situations, results for CSs do not agree among 

different end-user IVD-MDs even though the same CRM was used in each IVD-MD’s 

calibration hierarchy (4–16). For example, results for parathyroid hormone varied 4-fold 

(12) and results for ceruloplasmin varied 80% (13) among end-user IVD-MDs.

This report provides scientific rationale and technical procedures with examples to correct 

for noncommutability bias in a matrix-based CRM. Using a matrix-based CRM with 

correction for noncommutability bias, when necessary, will improve standardization of 

laboratory test results for patient care decisions.

Matrix-Based Certified Reference Materials in the Calibration Hierarchy

Matrix-based CRMs from metrology institutes, the World Health Organization, and other 

producers are widely used as higher-order references in the calibration hierarchies of end-

user IVD-MDs in clinical laboratories as shown in Fig. 2 based on the ISO 17511 standard 

for metrological traceability (2, 17). Establishing metrological traceability to a matrix-based 

CRM (also called a secondary CRM) value that has been validated to be commutable among 

a group of end-user IVD-MDs, or to dilutions of that CRM that have been validated to be 

commutable, is central to producing equivalent results for a measurand in CSs irrespective of 

the IVD-MD used for measurements. Especially in cases of measurands for which there are 

no available reference MPs, matrix-based CRMs are frequently used as calibrators for a 

manufacturer’s selected MP in a calibration hierarchy for an end-user IVD-MD that is used 

in a clinical laboratory to produce values for CSs. Primary CRMs are pure substances that 

are used to prepare calibrators for reference MPs. This report does not address primary 

CRMs. This report applies to matrix-based CRMs and to matrix-based calibrators prepared 

from a pure substance primary CRM or prepared from a high concentration matrix-based 

CRM by dilution into a biological matrix to prepare calibrators for use with a 

manufacturer’s selected MP in the calibration hierarchy of an end-user IVD-MD. In 

addition, this report applies to situations when a matrix-based CRM is used as a calibrator 

for a clinical laboratory developed IVD-MD.

Because it is typically neither logistically nor financially reasonable to directly use a higher-

order matrix-based CRM for calibration of an end-user IVD-MD, manufacturers produce 

working calibrators to facilitate the frequent value assignment of sequential manufactured 
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lots of end-user calibrators. Working calibrator(s) and end-user calibrator(s) are prepared by 

IVD manufactures to be stable and reproducible over prolonged time intervals to support the 

manufacturing process. The manufacturer’s working calibrator and end-user calibrator are 

not required to be commutable but are required to have values assigned such that the results 

for CSs are metrologically traceable to the matrix-based CRM value (1). IVD manufacturers 

assign values to their proprietary working calibrator(s) and end-user calibrator(s) that correct 

or compensate for any noncommutability bias that may be present in those calibrators used 

at those positions in the calibration hierarchy. Value assignment of these manufacturer’s 

calibrators is not addressed in this report except to the extent that the value assigned by the 

manufacturer may be altered based on a correction added to the calibration hierarchy as 

described here. However, approaches similar to those described here for CRMs can also be 

applied by IVD manufacturers to correct for noncommutability of materials used in other 

positions of their calibration hierarchies.

Limitations of Noncommutable CRMs

Using a noncommutable matrix-based CRM in the calibration hierarchy of an end-user IVD-

MD, without correction for noncommutability bias, is an incorrect practice because the bias 

due to noncommutability will be propagated to the final CS results measured using that end-

user IVD-MD as shown in Fig. 3, A. In this situation, results from the IVD-MD for which 

the CRM is noncommutable for use are biased compared to other IVD-MDs for which the 

CRM is commutable for use. Consequently, errors in diagnosing, treating, or monitoring 

patients will occur when the nonequivalent results from that IVD-MD are used in medical 

decisions. Some regulations require metrological traceability to a higher-order reference 

measurement system component when available (18, 19) without specifying that, if the 

higher-order reference system component is a matrix-based CRM, the CRM is required to be 

commutable with CSs. Consequently, to fulfill regulations, IVD manufacturers have in some 

cases claimed “traceability” to a CRM that is noncommutable for use with a particular IVD-

MD. In this situation, such a calibration hierarchy is not technically valid. Applying a 

correction for noncommutability bias allows an appropriate calibration hierarchy to be 

implemented.

As mentioned in the introduction, there are matrix-based CRMs in use that are either 

noncommutable for use in the calibration hierarchies of some IVD-MDs, or have not been 

validated for commutability and are functionally noncommutable. Using CRMs that are 

noncommutable, or have unknown commutability when that CRM is in fact noncommutable, 

in the calibration hierarchies of end-user IVD-MDs is an inappropriate practice because 

nonequivalent results for CSs will be produced among different end-user IVD-MDs. Bias 

between results from different end-user IVD-MDs can also be due to issues such as 

procedures applied for calibration (20), to inadequate calibrator value assignment protocols 

(21), or to nonselectivity for the measurand (1).

This report addresses the situation when a matrix-based CRM’s commutability is suitable 

for use with a large fraction of IVD-MDs but is noncommutable for use with a particular 

measurand for one or a few IVD-MDs. In this situation, a correction for bias caused by 
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noncommutability enables that CRM to be correctly used in the calibration hierarchies for 

such IVD-MDs.

Correction for Bias Caused by Noncommutability of a CRM

Metrological traceability is defined by the International Vocabulary of Metrology as a 

property of a measurement result whereby the result can be related to a reference through a 

documented unbroken chain of calibrations, each contributing to the measurement 

uncertainty (22). Note 6 in the definition states that a comparison between 2 measurement 

standards may be viewed as a calibration if the comparison is used to check and, if 

necessary, correct the quantity value and measurement uncertainty attributed to one of the 

measurement standards. A matrix-based CRM is a measurement standard in the context of 

the International Vocabulary of Metrology language. In addition, subclause 4.5.7 in ISO 

17511 (ed 2) “Requirements for establishing metrological traceability of values assigned to 
calibrators, trueness control materials and human samples” states that in cases where a CRM 

demonstrates noncommutability with human samples for some IVD-MDs, the 

noncommutable CRM may still be used as a calibrator within the calibration hierarchy of a 

relevant IVD-MD by application of a correction factor, as long as the documentation 

provided for the IVD-MD discloses details for derivation and validation of the correction 

factor, including any incremental uncertainty (2). Based on the preceding statements, we 

conclude that adding a step to a calibration hierarchy to correct for noncommutability bias of 

a CRM is consistent with international standards.

The correction step for noncommutability bias can be added in any suitable position in the 

calibration hierarchy as shown in Fig. 3, B and C. The CS results are metrologically 

traceable to the CRM value because the noncommutability bias is corrected such that the 

trueness of the assigned value of the CRM is correctly transferred to the calibration of the 

end-user IVD-MD. The correction step in the calibration hierarchy will add additional 

uncertainty to the final CS result.

There is no predefined magnitude of noncommutability bias that precludes developing a 

correction factor or function. A difference in bias between a CRM and CSs for an IVD-MD 

and for a comparator measuring system is considered commutable if within a criterion or 

noncommutable if outside a criterion. The magnitude of this difference in bias is what is 

corrected, if necessary, to use a CRM with excessive difference in bias (i.e. noncommutable) 

in the calibration hierarchy for an end-user IVD-MD. Applying a correction assumes the 

magnitude of the noncommutability bias remains constant over time.

Commutability assessment is typically performed using IVD-MDs. When the 

manufacturer’s selected MP is the same MP as the end-user IVD-MD but operated with 

more stringent specifications for calibration and measurement replication to reduce 

uncertainty, a correction for noncommutability bias determined for the end-user IVD-MD 

will be applicable to the manufacturer’s selected MP. When the manufacturer’s selected MP 

is a different MP than the end-user IVD-MD, then a correction for noncommutability bias at 

the manufacturer’s selected MP must be determined. In some cases, a manufacturer may use 

a CRM to calibrate their standing MP in which case the same considerations apply.
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REQUIREMENTS TO APPLY A CORRECTION FOR NONCOMMUTABILITY 

BIAS OF A MATRIX-BASED CRM

One important requirement for the suitability of a correction is that the noncommutability 

bias of the CRM and the performance characteristics of an IVD-MD for which the 

correction is applied must remain stable over time; e.g., across reagent lots. The second key 

requirement is that the uncertainty of the correction step in the calibration hierarchy allows 

the final combined uncertainty of the results for CSs to be within the allowable uncertainty 

budget specification for the measurand (23–25). Refer to the worked examples and 

explanation of the examples in the Supplemental Data that accompanies the online version 

of this paper for experimental designs that can be realistically implemented and achieve 

small uncertainties for the corrections. If the preceding conditions are not satisfied, then a 

correction for noncommutability bias is not acceptable and should not be applied.

Determination of a Correction Factor or Function for Noncommutability Bias

The user of a CRM (typically an IVD manufacturer or a clinical laboratory) who develops a 

calibration hierarchy for an end-user IVD-MD is responsible for establishing a correction 

factor or function for noncommutability bias of that CRM, if such a correction is needed. 

The data available from an initial commutability assessment (e.g., 1, 3) could be sufficient 

for developing a correction if the incremental increase in uncertainty due to the correction 

step is acceptable. If a lower uncertainty in the correction step for noncommutability bias is 

needed, then additional data from a new experiment are required. The experimental design 

regarding replication of measurements, and related details (see examples in Supplemental 

Data) are established by the manufacturer of the IVD-MD to meet the uncertainty 

requirements.

Figure 4 shows a flow diagram of the general approach for developing a correction factor or 

function. The CSs selected to quantitate the noncommutability bias are chosen to represent 

patients with common medical conditions for which an MP is intended to be used, applying 

the same selection criteria described in part 1 of this series to avoid using CSs with unusual 

pathological forms of a measurand or known interfering substances (1). Since the 

manufacturer of an MP will have information on the selectivity of the MP, suitable CS 

selection criteria can be specified to avoid known sample specific effects that could 

compromise the experimental design to quantitate the noncommutability bias of the CRM 

when used with that specific MP.

A manufacturer, or a clinical laboratory in the case of a laboratory developed MP, requires a 

comparator MP, for which a CRM has been shown to be commutable, to assign values to the 

CSs that will be used to quantitate the noncommutability bias of the CRM for the MP under 

investigation. A single comparator MP is adequate for development of a correction factor or 

function. A higher-order reference MP should be used as the comparator MP when available 

(26). Otherwise, a comparator MP is another end-user IVD-MD chosen based on its 

performance characteristics in the commutability assessment for the CRM (3, 20). 

Collaborating with a laboratory that uses the comparator MP may be necessary.
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The key attribute for a comparator MP is that the CRM was shown to be commutable for use 

with that MP. The CRM provider can be contacted for advice regarding end-user MPs that 

had suitable commutability with CSs to be considered as comparator MPs. Alternatively, 

external quality assessment (proficiency testing) results from commutable samples can be 

used to identify a comparator MP that used the CRM in its calibration hierarchy and for 

which there was negligible bias observed vs. the target values for those samples. Negligible 

bias infers that the CRM is commutable for use in the calibration hierarchy of that MP 

selected as a comparator MP. When considering external quality assessment data, caution 

should be used when a small number of participants use an MP in the survey. In addition to 

the CRM being commutable for use with a comparator MP, its precision and selectivity for 

the measurand must be adequate.

The key requirement for a comparator MP to be used to develop a correction for another MP 

is that the CRM has been shown to be commutable for use with the comparator MP. The 

experimental design for developing a correction factor for a single level CRM described in 

example 1 in the Supplemental Data that accompanies the online version of this article 

includes measuring the CRM and the CSs by both the IVD-MD for which a correction is 

being developed and by the comparator MP. This experimental design eliminates the 

influence of calibration error of either MP on determination of the correction factor for 

noncommutability bias of the CRM for a given IVD-MD. In addition, the experimental 

design eliminates variance components between-run; such as day-to-day, instrument-to-

instrument, reagent lot-to-lot, and calibration event-to-calibration event from influencing the 

correction factor. In example 1, sources of variability other than within-run and sample 

specific effects are eliminated from influencing the correction factor. This experimental 

design minimizes the uncertainty associated with the correction step in the calibration 

hierarchy.

The reason for noncommutability of a CRM should be investigated as part of the process to 

develop a correction for the noncommutability bias. This information can be useful to assess 

the risk that a correction will be consistent and stable over time and to monitor the stability 

of the contributor(s) to the noncommutability bias. In addition, a cause for 

noncommutability may be possible to eliminate in the next batch of a CRM. However, the 

influence quantity or quantities may not be identified reinforcing the need for periodic 

reverification of the correction factor.

Considerations When a CRM Is Provided as a Multilevel Set of Materials

Some CRMs are provided as a set of 2 or more concentration levels intended to be used 

together for calibration of MPs. The underlying reason for providing a multilevel CRM is 

that MPs may not produce measurement responses for CSs that are linearly proportional to 

the amount of measurand in those samples over the measuring interval. One approach to 

develop a correction for noncommutability bias is to treat each CRM level separately with 

measured values of CSs clustered near the value of each CRM level. Another approach is to 

use CSs that cover the values of the CRM levels and fit a suitable mathematical function to 

develop correction factors for each CRM level. Because the measurement response cannot 

be assumed to be proportional to concentration over the measuring interval, a matching 

Miller et al. Page 7

Clin Chem. Author manuscript; available in PMC 2021 June 01.

N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript



design is not possible as used in example 1 to eliminate influence of calibration drift in the 

comparator MP. Consequently, the experimental design must be appropriate to determine the 

correction factors for noncommutability bias for each level of the CRM that enable the final 

combined uncertainty requirement for CSs to remain within that required for medical 

decisions. Example 2 in the online Supplemental Data that accompanies the online version 

of this article illustrates one approach for determining and using correction factors for a 

three-level CRM.

Considerations When a CRM is Intended to Be Diluted to Obtain One or More Calibrators

Some CRMs are provided as a single high-concentration material that is intended to be 

diluted, or otherwise reduced in concentration, in an appropriate matrix to prepare one or 

more calibrators for the manufacturer’s selected MP or for an end-user IVD-MD in the case 

of a clinical laboratory developed MP. Dilution in an appropriate matrix is intended to create 

a calibrator that is commutable with CSs and has a concentration within the measuring 

interval. Each concentration level of diluted CRM must be validated to be commutable with 

CSs. The CRM provider should work collaboratively with IVD manufacturers to validate 

commutability of dilutions of a CRM as part of the initial validation of the CRM. It may be 

possible that a common diluent can be used by all MPs in which case commutability 

assessment as described in parts 2 or 3 of this series can be used (3, 20). If dilutions of a 

CRM are commutable for use by most MPs but shown to be noncommutable for one or more 

specific MPs, then a MP-specific correction for noncommutability bias as described in this 

report can be included in the calibration hierarchy of the end-user IVD-MD. A separate 

correction factor is needed for each dilution of a CRM.

Alternatively, some MPs may require unique diluents and possibly different concentrations 

of calibrators suitable for an MP’s calibration model or measuring interval. In this case, only 

commutability assessment as described in part 3 (20) of this series can be used because the 

CRM is diluted with different matrices and/or to different concentrations and thus the 

dilutions are not suitable for measurement by all MPs included in the commutability 

assessment.

Assumptions and Limitations When Assessing Commutability and Applying a Correction 
for Noncommutability Bias

A commutability assessment is an experiment performed at a point in time including 

representative CSs of the type intended to be measured and IVD-MDs representing all or a 

substantial fraction of the MPs in use in clinical laboratories at the time of the assessment. A 

commutability decision for a CRM is in principle only applicable to the measurement 

conditions (e.g., calibrator, reagent lots, and IVD-MD performance characteristics) 

represented in the assessment experiment.

A conclusion that a CRM is commutable for use in the calibration hierarchies of a stated 

group of MPs requires that the assessment results meet a specified criterion. Similarly, a 

conclusion that a CRM is noncommutable for use with a specific MP is made when the 

assessment results do not meet the criterion. These commutability conclusions remain valid 

when the CRM is stable regarding its commutability property and no substantive changes, 
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e.g., reagent lot-to lot influences, occur in the end-user IVD-MDs or the other MPs used in 

the calibration hierarchies.

It is unavoidable that IVD-MDs will use different lots of calibrators and reagents, and that 

other measurement conditions will vary over time within the MP manufacturer’s 

specifications. The changes in measuring conditions that occur over time must be small 

enough that the differences in biases between CRM and CSs observed in the commutability 

assessment remain essentially the same over time for the CRM to remain suitable for use in 

the calibration hierarchies of the end-user IVD-MDs when future measurements are made.

Alternative approaches to establishing metrological traceability to a CRM that is 

noncommutable for a particular MP can also be considered as stated in ISO 17511 (2). For 

example, CSs with values assigned by a suitable comparator measuring system that is 

calibrated with a commutable CRM can be used directly in the calibration hierarchy as 

calibrators for the manufacturer’s selected MP. Uncertainty for alternative approaches needs 

to be determined and added to the calibration hierarchy.

Periodic Reverification of the Commutability of a CRM and of a Correction for 
Noncommutability Bias

The commutability of a CRM as well as a correction factor for noncommutability bias might 

change over time. A commutable matrix-based CRM used as a calibrator is a critical step in 

the calibration hierarchy, as is a correction step for noncommutability bias. ISO/IEC 

17025:2017 (27) and a report from the National Institute for Standards and Technology (28) 

recommend to periodically reverify metrological traceability of the calibration hierarchy. 

The commutability of a matrix-based CRM and a correction for noncommutability bias 

when included in the calibration hierarchy should be considered when reverifying 

metrological traceability. CRM providers are required (29, 30) to monitor the stability of the 

value assigned to a CRM but are not currently required to monitor its commutability. 

However, the outcome of a commutability assessment at a point in time may not be valid if 

there has been an aging effect on the CRM matrix, a structural change in the measurand in 

the CRM, a change in an MP, or an unintended change in manufacturing IVD-MDs based on 

an MP. In particular, replacement lots of reagents can influence the stability of a 

commutability decision.

Assessing the stability of the assigned value of a measurand in a CRM with some higher-

order MPs, e.g., mass spectrometry, might not assess changes in the molecular form because 

the higher-order MP can measure a quantity derived from the measurand; e.g., a tryptic-

digested peptide derived from an intact protein. Similarly, a higher-order MP may not 

identify changes in the matrix of a CRM because higher-order MPs typically include steps 

intended to make them highly selective for the measurand and insensitive to matrix 

influences. Reassessing commutability could, in many cases, be more suitable using one or 

more manufacturer’s selected, standing, or end-user MPs because such MPs may be more 

sensitive to an aging effect on the CRM matrix or a structural change in the measurand.

The frequency to perform reverification of commutability or of a correction for 

noncommutability bias uses a risk assessment approach. Critical factors to consider include: 
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changes to a MP such as reformulation of reagents or other changes likely to affect 

selectivity for a measurand or other performance characteristics of the MP; evidence from a 

manufacturer’s quality system that monitors the stability of working calibrator(s) and 

standing and/or selected MPs in a manufacturer’s calibration hierarchy; evidence from 

stability assessment of the value assigned to the CRM; results from external quality 

assessment (proficiency testing) using commutable samples; and evidence from a 

comparison of results for CSs among MPs. Evidence of change from any of these sources 

should initiate an investigation of root cause that can include reverification of the value 

assigned to a CRM, its commutability, and, when applicable, a correction for 

noncommutability bias. A risk assessment will be limited by available knowledge and state 

of the art but is the best approach to determine the frequency to perform a reverification 

activity.

Some stability monitoring approaches cannot distinguish between a change in the CRM or a 

change in an MP over time. Consequently, cooperation is needed between CRM producers 

and IVD manufacturers to review stability assessment data and determine the appropriate 

approach when stability is unacceptable.

Responsibility for a Correction for Noncommutability Bias

Development of a correction factor or function for noncommutability bias and where to 

apply the correction step in the calibration hierarchy is the responsibility of the manufacturer 

of an MP, including a clinical laboratory that develops an IVD-MD for its own use. If MP 

performance characteristics for random variability, selectivity for the measurand, or the 

calibration function of a MP are not suitable, the MP might need to be improved before a 

correction factor or function can be successfully developed. These performance 

characteristics are discussed in more detail in parts 1 and 3 of this series of reports (1, 20).

When a suitable correction for noncommutability bias of a CRM is incorporated in the 

calibration hierarchy for an end-user IVD-MD, the manufacturer can claim traceability to 

the value of the CRM with full disclosure and description of the correction step including 

the comparator MP provided to the end-user of the IVD-MD.

Documentation of Commutability and of a Correction Factor for Noncommutability

The documentation that accompanies a CRM should include the MPs and diluents, when 

applicable, for which the CRM, or dilutions of the CRM, were validated to be commutable.

The documentation of a correction for noncommutability bias for a particular MP is 

maintained by the manufacturer as part of the technical file for metrological traceability.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Nonstandard Abbreviations

CRM certified reference material
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CS clinical sample

IEC International Electrotechnical Commission

ISO International Organization for Standardization

IVD in vitro diagnostic

MD medical device

MP measurement procedure
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Fig. 1. 
Correction for noncommutability bias of a CRM. Panel A) shows that in a commutability 

assessment, the CRM had the same bias as CSs for IVD-MD1, IVD-MD2, and other IVD-

MDs vs. the comparator measuring system, and the CRM was considered commutable for 

use with those IVD-MDs. IVD-MD5 had a large difference in bias between the CRM and 

CS results and the CRM was considered noncommutable for use with IVD-MD5. Panel B) 

shows that results for CSs from IVD-MD5 would be biased vs. the other IVD-MDs if the 

noncommutable CRM was used in the calibration hierarchy of IVD-MD5. Panel C) shows 

that correction for the magnitude of the noncommutability bias of the CRM (from A) can be 

included in the calibration hierarchy for IVD-MD5 to enable the results for CSs to agree 

between IVD-MD5 and the other IVD-MDs.
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Fig. 2. 
Calibration hierarchy for an end-user IVD-MD to the value assigned to a commutable 

matrix-based CRM as described in ISO standard 17511 subclause 5.5. A manufacturer’s 

selected MP is calibrated using a matrix-based CRM and is used to value assign a 

manufacturer’s working calibrator also called a “master” calibrator. The working calibrator 

is used to calibrate a manufacturer's standing MP that is used for value assignment of 

sequential lots of the end-user calibrator. The end-user calibrator is used by a clinical 

laboratory for calibration of the end-user IVD-MD that is used for measuring clinical 

samples. The bar graph on the left indicates that the combined uncertainty of the value 

assigned to a material increases at each step in the calibration hierarchy.
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Fig. 3. 
Calibration hierarchies showing values assigned to calibrators and clinical samples when a 

commutable and a noncommutable CRM are used. In panel A), the column “Value with 

commutable CRM” shows values assigned when a CRM is commutable with clinical 

samples for use with an MP. The column “Value with 15% noncommutability bias of CRM” 

shows values assigned when a CRM is not commutable for use causing incorrect results 

assigned to the working calibrator and propagated through the calibration hierarchy to 

produce a 15% bias in the clinical samples. Panels B) and C) show that a MP-specific 
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correction for noncommutability bias can be applied at the working calibrator step (panel B) 

or at the end-user calibrator step (panel C) in the calibration hierarchy. The column “Value 

WITH CORRECTION for 15% noncommutability bias of CRM” shows that adding a step 

in the calibration hierarchy to correct for the noncommutability bias of a CRM with a 

specific MP will produce results for clinical samples that are equivalent to those from a 

different MP for which the CRM was commutable for use.
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Fig. 4. 
Sequence of steps to develop a correction factor or function for noncommutability bias for a 

CRM. Refer to the text for explanation of the steps involved.
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