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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.
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This documlent was prepared by Technical CommitteeSO/TC 212, Clinical laboratory testing apd in

vitro diagnoktic test systems.

This second|
revised. Thd

edition cancels and replaces the first'edition (ISO 17511:2003), which has been techn
main changes compared to the previous edition are as follows:

cally

s for

incorpo
measur

fration of the special requirements for metrologically traceable calibration hierarchig
ement of catalytic concenfration of enzymes (previously covered in ISO 18153:2003);

to clarif]
order ajy
values 3

y that final reported values on human samples shall be metrologically traceable to the hi
Failable reference;the title and scope were modified to include metrological traceabil
ssigned to humatsamples;

rhest
ty of

updated normative,feferences to remove International Vocabulary of Basic and General T
in Metrplogy, 2nd)edition, ISO, Geneva (1993) and ISO Guide 35:1989, Certification of refer
materials — Geéneral and statistical principles;

erms
ence

revisior 6f)Clause 4 to clearly define requirements of a manufacturer of an in vitro diagnostic
medicaldevite T estabiishing and documenting metrotogicat traceabiiity of assigned vatues (for
calibrators, trueness controls and human samples), while incorporating requirements previously
addressed in Clauses 6, 7 and 8 (thus eliminating those sections);

revision of Clause 5 to incorporate additional models of metrologically traceable calibration
hierarchies, especially 5.3 for measurement of catalytic concentration of enzymes (where the
measurand is defined by a primary RMP; previously addressed in ISO 18153:2003), and 5.6 for
an overview of the concept of assigned values of materials for measurands with metrological
traceability to international harmonisation protocols (addressed in detail in ISO 21151).

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In laboratory medicine, the objective of examining a measurand in a human sample is to produce
laboratory results that will enable a clinician to assess the risk of a disease, or to diagnose and make
treatment decisions for a medical condition. To be clinically useful, the results obtained from a given
human sample examined by different laboratories or among different in vitro diagnostic medical devices
(IVD MDs) within a single laboratory should be equivalent, regardless of the measurement procedure
employed. Equivalent results allow uniform application of medical decision limits and reference
intervals, which can reduce the risk of harm caused by medical decisions based on non-equivalent
examination results. Equivalence of results among different IVD MDs for the same measurand is also

important forthe analy51s Of Tesults in medical records for the purpose of supportmg ctinical deci

and for cond
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e measurement result for a human sample up to the highest available reference sy
in the calibration hierarchy. The point at which metrological traceability begins (i.q
| of metrological traceability in the calibration hierarchy) depends on the availabili
" reference measurement procedures (RMPs), reference materials (RMs) or harmonis
I the stated measurand.

in implementing metrologically traceable calibrations occur when different IVD
the same measurand do not measure the same or very'closely related measurable quant
rands of medical interest may be well-defined elethénts or molecules. An increasing nu

molecular species and molecular complexes(in varying proportions, e.g. glycoproteins
forms, variant amino acid sequences, nucleic acid sequences, and other complex mole
h the selectivity of an IVD MD is not fit=for-purpose, sample-specific influence quan
mples due to factors including diseas€, drugs or other pathological conditions may le
alues for the intended measured,quantity. Even with metrological traceability to h
nce system components, the selectivity of MPs at all levels in the calibration hierarch

agiven I[VD
results obta|

This documgnt presents requiréments for manufacturers of IVD MDs in documenting the calibr
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In vitro diagnostic medical devices — Requirements

for

establishing metrological traceability of values assigned to
calibrators, trueness control materials and human samples

1 Scope

This
tracgability of values assigned to calibrators, trueness control materials and human

quarftities measured by IVD MDs. The human samples are those intended to be measured,
for epch IVD MD. Metrological traceability of values for quantities in human samples ex
highest available reference system component, ideally to RMPs and certified reference mate

All p
subijd
IVD

labof

arties having a role in any of the steps described in a calibration Aierarchy for an
ct to the requirements described. These parties include but are ot limited to manuf
MDs), RMP developers (see ISO 15193), RM producers (see 1SO¢15194), and referencq
atories (see ISO 15195) supporting calibration hierarchies for VD MDs.

NOTE 1 Producers of RMs intended for use in standardizabion or calibration of IVD ]
comimercial and non-commercial organizations producing:RMs for use by many end-users

document specifies technical requirements and documentation necessary to establish Jnetrological

samples for
as specified
fends to the
'ials (CRMs).

[VD MD are
acturers (of
/calibration

MIDs include
of IVD MDs

and/pr calibration laboratories, or for use by a single end-user medical laboratory, as in the case of
a measurement standard (calibrator) intended to beised exclusively for calibration of a|laboratory-
deve|oped MP.
This|document is applicable to:
a) all IVD MDs that provide measurement.results in the form of numeric values, i.e. rational (ratio)
and/or differential (interval) scales,@nd counting scales.
b) 1VD MDs where the measurementTesult is reported as a qualitative value established|with a ratio
f two measurements (i.e. theisignal from a specimen being tested and the signal from[a RM with a
gpecified concentration ox activity at the cut-off), or a counting scale, with corresponding decision
threshold(s). This also includes IVD MDs where results are categorized among ordingl categories
based on pre-established quantitative intervals for a quantity.
c) RMs intended fordise as trueness control materials for verification or assessment of calibration of
[VD MDs, i.e.some commutable CRMs and some external quality assessment (EQA) malterials (if so
dicated inthe RM’s intended use statement).
d) [VD MDzspecific calibrators and trueness control materials with assigned values, intfended to be
1sed together with a specified IVD MD.
e) IVDM™MD described | Tdb); witere o end=user performed red (i.e. when

the manufacturer performs a factory calibration of the [IVD MD).

This document is not applicable to:

a) calibrators and trueness control materials for IVD MDs which, due to their formulation, are known
to have zero amount of measurand;

b) control materials that are used only for internal quality control purposes in medical laboratories to
assess the imprecision of an IVD MD, either its repeatability or reproducibility, and/or for assessing
changes in IVD MD results compared to a previously established calibration condition;

c) control materials that are used only for internal quality control purposes in medical laboratories

and which are supplied with intervals of suggested acceptable values that are not metrologically

traceable to higher order reference system components;

© IS0 2020 - All rights reserved
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d) properties reported as nominal scales and ordinal scales, where no magnitude is involved.

NOTE 2 Nominal scales are typically used to report e.g. identity of blood cell types, microorganism types,
identity of nucleic acid sequences, identity of urine particles.

NOTE3  Ordinal scales are often applied to results differentiated into dichotomous groupings (e.g. ‘sick’
vs. ‘healthy’), and occasionally to results differentiated into non-dichotomous categories where the result
categories are rank-ordered but the rank-ordered categories cannot be differentiated in terms of relative
degree of difference, e.g. negative, +1, +2, +3 for grading of presence of haemoglobin in urine specimens by visual
observation.

2 Normative references

The following documents are referred to in the text in such a way that some or all of théih Content
constitutes [requirements of this document. For dated references, only the edition citedapplieq. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 18113-2], In vitro diagnostic medical devices — Information supplied by the manufacturer (labelling) —
Part 2: In vitro diagnostic reagents for professional use

ISO 15193, lIn vitro diagnostic medical devices — Measurement of quantities'in samples of biolqgical
origin — Requirements for content and presentation of reference measurement procedures

[SO 15194, |In vitro diagnostic medical devices — Measurement of<gudntities in samples of bioldgical
origin — Requirements for certified reference materials and the content of supporting documentation|

3 Terms and definitions, symbols and abbreviated terms
For the purposes of this document, the following terms-and definitions apply.

ISO and [EC|maintain terminological databases for‘use in standardization at the following addressgs:

— ISO Online browsing platform: availableathttps://www.iso.org/obp

— IEC Eleqtropedia: available at http://www.electropedia.org/

3.1
analyte
component fepresented in the fiame of a measurable quantity (3.38)

EXAMPLE In the type @f‘quantity (3.38) "mass of protein in 24-hour urine", "protein” is the analyfe. In

"amount of syibstance of gli¢ese in plasma", "glucose" is the analyte. In both cases the long phrase represents the
measurand (3.26).

3.2
analytical geléctivity

selectivity pfa'measuring system
selectivity

property of a measuring system (3.29), used with a specified MP (3.27), whereby it provides measured
quantity (3.38) values for one or more measurands (3.26) such that the values of each measurand (3.26)
are independent of other measurands (3.26) or other quantities (3.38) in the phenomenon, body, or
substance being investigated

EXAMPLE Capability of a measuring system (3.29) to measure the amount-of-substance concentration of
creatinine in blood plasma without being influenced by the other components present in the sample.

Note 1 to entry: In chemistry, selectivity of a measuring system (3.29) is usually obtained for quantities (3.38)
with selected components in concentrations within stated intervals.

Note 2 to entry: Selectivity as used in physics is a concept close to specificity as it is sometimes used in chemistry.

2 © IS0 2020 - All rights reserved
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[SOURCE: ISO/IEC Guide 99:2007 4.13, modified — ‘analytical selectivity’ added as the preferred term.

Includ

3.3

ed only Example 5 with abbreviated text and NOTES 3 and 4.]

measurement bias

bias

estimate of a systematic measurement error

Note 1 to entry: See ISO/IEC Guide 99:2007 2.17, systematic measurement error.

Note 2 to entry: This definition applies to quantitative measurements only.

[soy

34

calib
oper
(3.39
corrg
this i

Note
calibi
the i1

Note
mistd

Note
[SOU|

3.5
calil
sequ
of ea

Note

Note
meas

Note
the c
(3.48

Note
assig
(calih

RCE: ISO/IEC Guide 99:2007 2.18, modified — Note 1 and 2 to entry have been added.]

ration
htion that, under specified conditions, in a first step, establishes a relatign ‘between
) values with measurement uncertainties (3.48) provided by measurement standard

nformation to establish a relation for obtaining a measurement regultfrom an indicat
1 to entry: A calibration may be expressed by a statement, calibration function, calibraf]
ation curve, or calibration table. In some cases, it may consist of an additive or multiplicative
dication with associated measurement uncertainty (3.48).

2 to entry: Calibration should not be confused with adjistment of a measuring system
kenly called “self-calibration”, or with verification (3.50) ofcalibration.

B to entry: Often, the first step alone in the above definition is perceived as being calibration.

RCE: ISO/IEC Guide 99:2007 2.39]

ration hierarchy
ence of calibrations (3.4) from a feference to the final measuring system (3.293, where
ch calibration (3.4) depends on-the outcome of the previous calibration (3.4)

1 to entry: Measurement unéertainty (3.48) necessarily increases along the sequence of calibra

Liring systems (3.29) operated according to MPs (3.27).

B to entry: A cofnparison between two measurement standards (3.28) may be viewed as a calibj
mparison is tsed to check and, if necessary, correct the quantity (3.38) value and measuremet
attributed to one of the measurement standards (3.28).

4 to,entrry: In this document, a calibration hierarchy is defined as a detailed description of th
hinga'value of a measurand (3.26) to a sample using a specified sequence of MPs (3.27) an

the quantity
b (3.28) and

e sponding indications with associated measurement uncertainties (3.48) and, in a second step, uses

on
ion diagram,

correction of

(3.29), often

The outcome

tions (3.4).

2 to entry: The elements: of a calibration hierarchy are one or more measurement standards (3.28) and

ration (3.4) if
t uncertainty

e process for
d RMs (3.39)

rated by higher order RMs (3.39) and/or MPs (3.27) for the same type of quantity (3.38), wher

p available).

Note 5 to entry: For purposes of this definition, a sample includes human samples as well as calibration materials

(3.6),

EQA materials or other RMs (3.39).

[SOURCE: ISO/IEC Guide 99:2007 2.40, modified — excludes original Note 3. Note 3 to entry is Note 4
and Note 5 has been added.]
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3.6

calibrator

calibration material

measurement standard (3.28) used in calibration (3.4) of a measuring system (3.29) according to a
specified MP (3.27)

[SOURCE: ISO/IEC Guide 99:2007 5.12, modified — “calibration material” has been added as an admitted
term, "of a measuring system according to a specified MP" has been added at the end of the definition,
NOTE has been deleted.]

3.7
catalytic aq
property of|
chemical rej

tivity
a component corresponding to the catalysed substance rate of conversion of a speg
iction, in a specified measuring system (3.29)

ified

Note 1 to entty: In this document the "component” is an enzyme.

Note 2 to e
concentratio

htry: The quantity (3.38) "catalytic activity” relates to an amount of active enzyme, npt its

h; see 3.8.

Note 3 to entfy: The coherent derived SI unit is "katal" (kat), equal to "mole per second” (mol s~1).

Note 4 to entfy: The MP (3.27) is an essential element of the definition of the méasurand (3.26).

Note 5 to enfry: In many instances, instead of the conversion rate of the stibstrate ascribed in the short hame

of the enzym|
substrate of 4
of the enzym
given MP (3.2
IFCC referend

[SOURCE: IS

3.8

catalytic-ag
catalytic cd
catalytic act

Note 1 to entry: The coherent derived SI unit is "katal per cubic metre" or "mole per second cubic n

(katm=3=m

Note 2 to ent
the plasma of

[SOURCE: IS
39

e analyte (3.1), e.g. "creatine” in "creatine kinase", the conversion rate of an indicator substarij

combined reaction is measured. Then the measurand (3.26) should be defined as 'catalytic ac
e as measured by the conversion rate of an indicator.substance in a specified system accordin
7)', e.g. 'catalytic activity of creatine kinase as measured by the rate of conversion of NADP+
e procedure in human serum'.

0 18153:2003, 3.2]

tivity concentration
ncentration
ivity (3.7) of a component divided by volume of the original system

1571 m-3). In laboratory ifedicine, the unit of volume can be chosen to be "litre" (L).

ry: In this document'the "component” is an enzyme and the "original system" can be, for exa
a blood samplé:

0 18153:2003, 3.3]

certified r
CRM

ference material

ce as
Livity
c to a
n the

etre"”

mple,

RM (3.39) accompanied by documentation issued by an authoritative body and providing one or more
specified property values with associated uncertainties (3.48) and traceabilities (3.31), using valid

procedures

EXAMPLE

Human serum with assigned quantity (3.38) value for the concentration of cholesterol and
associated measurement uncertainty (3.48) stated in an accompanying certificate, used as a calibrator (3.6) or
measurement trueness control material (3.46).

Note 1 to entry: ‘Documentation’ is given in the form of a ‘certificate’ (see ISO Guide 31).

Note 2 to entry: Procedures for the production and CRM certification are given in ISO 17034:2016 and

ISO Guide 35:

2017.
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Note 3 to entry: In this definition, “uncertainty” covers both ‘measurement uncertainty’ (3.48) and ‘uncertainty
associated with the value of a nominal property’, such as for identity and sequence. “Traceability” covers both
‘metrological traceability (3.31) of a quantity value’ and ‘traceability of a nominal property value’.

Note 4 to entry: Specified quantity (3.38) values of CRMs require metrological traceability (3.31) with associated
measurement uncertainty (3.48)[25],

Note 5 to entry: ISO/REMCO has an analogous definition[23] but uses the modifiers “metrological” and
“metrologically” to refer to both quantities (3.38) and nominal properties.

Note 6 to entry: Specific requirements for CRMs and the content of supporting documentation (in the field of in
vitro diagnostic medical devices) are given in ISO 15194.

Note[7 to entry: For a specified material, a calibration (3.4) certificate provided by an accredited 'calibration (3.4)
laborptory does not confer the status of CRM on these types of materials.

[SOURCE: ISO/IEC Guide 99:2007 5.14, modified — Note 6 and 7 to entry have beemradded.]

3.10
commutability of a reference material
commutability

property of a RM (3.39), demonstrated by the closeness of agreement between the relatioh among the
meagurement results for a stated quantity (3.38) in this material, obtained according to twg MPs (3.27),
and the relation obtained among the measurement results for other specified materials

Note |1l to entry: The RM (3.39) in question is usually a calibrater*(3.6) and the other specified materials are
usually routine samples.

Note |2 to entry: In commutability assessment of an RM {3.39), comparisons among all applicable [MPs (3.27) is
desirpble.

Note |3 to entry: Closeness of agreement of measurement results is defined in terms of fitness fqr purpose as
appro¢priate for the intended use of the RM (3.39].

Note ¢ to entry: A commutability statementisrestricted to the MPs (3.27) as specified in a particulaf comparison.

[SOURCE: ISO/IEC Guide 99:2007 5.15 modified — Note 2 and Note 3 have been deleted. Noge 2 to entry
to Nqte 4 to entry have been added:]

3.11
control material
subsfance, material or'article intended by its manufacturer (3.22) to be used to verify the gerformance
characteristics of am{VD MD (3.21)

[SOURCE: ISO 18%13-1:2009, 3.13]

3.12
end-user [VD MD calibrator
end-user calibrator

RM (3.39) used as a measurement standard (3.28) intended for use with one or more /VD MD (3.21) MPs
(3.27) intended to examine a particular measurand (3.26) in human samples

Note 1 to entry: End user calibratorsincludes RMs (3.39) or calibrators (3.6) applied internally by the manufacturer
(3.22) to implement a final calibration (3.4) of the IVD MD (3.21), prior to the IVD MD’s (3.21) release and delivery
to the end-user, where end-user calibration is not required (i.e. 'factory calibration').

Note 2 to entry: Factory-generated calibrations (3.4) or calibration (3.4) functions include calibration (3.4)
information (equations, formula, functions, parameters, data) stored, e.g., in electronic format, for use with a
microprocessor as part of an IVD MD (3.21) measuring system (3.29) to transform “signal” generated in the course
of measuring unknown human samples to an amount of substance or other final measured value.
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equivalence of measured values

equivalent

results

agreement of measured values among different IVD MDs (3.21) intended to measure the same
measurand (3.26), where the differences in measured values on the same human samples do not affect
clinical interpretation

Note 1 to entry: A conclusion of equivalence of measured values for the same human samples among two or more

MPs (3.27) is

based on the differences in measured values being within a pre-defined margin or limit.

[SOURCE: Harmonization.net, modified — wording revised for clarity.]

3.14
higher ordgd
higher ordg
CRM (3.9) th
reference w
traceability

Note 1 to ent

Note 2 to e
secondary cal

Note 3 to en
of higher-or
and calorimg
(see ISO Guid|

Note 4 to ent
order RM is

results can H
higher order
RMs, where

(3.51). Thes¢
measurands

([3.26) in end-user IVD MD calibrators (3.12) and control materials (3.11) for use with IVD MDs

1 reference material

e RM

at meets internationally accepted quality requirement and provides a commgonmetrolo
thin the calibration hierarchy (3.5) to which manufacturers (3.22) can estabtish metrold
3.31)

y: Quality requirements for higher order RMs are laid out in ISO 15194.

try: Higher order RMs include fit-for-purpose primary RMs (3.35)," primary calibrators (}
ibrators (3.42) and international conventional calibrators (3.17).

try: Pure substances constitute the primary measurement standard (3.37) and ultimate s

try in general and for the certification of solution and> matrix (3.24) RMs (3.39) in part
e 35:2017).

F'y: According to Joint Committee for Traceability-in Laboratory Medicine (JCTLM) FAQs[27], a i
h CRM (3.9), meeting internationally accepted\quality requirements, to which other measurg
e referenced, and its measurement uncertainty (3.48) is completely established. Metrologic{
RM is a RM (3.39) deployed at a higher leyel'in the calibration hierarchy (3.5). Certified, highest
hvailable, are used by IVD MD (3.21)-yfignufacturers (3.22) to assign values to working calibj
working calibrators (3.51) are sulisequently used by the manufacturer (3.22) to assign valy

gical
gical

8.37),

purce

ler metrological traceability (3.31) for most traceability” chains in chemistry, thermoretry

cular

igher
ment
lly, a
prder
ators
es to

(3.21)

in medical laporatories and other IVD testing environments. Higher order RMs are most commonly prodluced

and distribut]
(NIST), Euro
(WHO), Nati
National Met
Japanese Ind|
sources also

3.15

higher ordgd
higher ordg
reference m{
and providir

ed by national metrology institutes (NMlIs), e.g. U.S. National Institute of Standards and Techn
bean Commission Joint Research Centre (EU-JRC), LGC Standards (UK), World Health OrganiZ
bnal Institute for Biological Standards and Control (UK), National Institute of Metrology
rology Institute of Japan (JP), Reference Material Institute for Clinical Chemistry Standardg
pstrial Standards-Committee (JISC), Centro Nacional de Metrologia (MX), etc. Some comm
brovide RMs listed by JCTLMI28],

1 reference measurement procedure
b RMP

plogy
ation

(CN),
Ue),

brcial

4
manufacturers (3 22) can establlsh metrologlcal traceablllty (3 31) and accepted as providing
measurement results fit for their intended use in assessing measurement trueness (3.47)

Note 1 to entry: Quality requirements for higher order RMPs (3.15) are defined in ISO 15193.

Note 2 to entry: For reasons of higher cost, equipment complexity and operator training requirements, higher
order RMPs are typically performed in national metrology (3.32) institutes and/or accredited calibration (3.4)
laboratories.

Note 3 to entry: In laboratory medicine, RMPs (3.40) that meet the requirements of ISO 15193 are considered to
be higher order RMPs.
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Note 4 to entry: According to JCTLM FAQs[27Z], higher order RMPs are well documented, high accuracy (MPs) (3.27)
used for assigning values to calibration materials (3.6). At the highest level (these MPs) (3.27) are frequently
expensive to develop, too complicated for routine use and not suitable for high throughput analysis.

3.16

influence quantity

quantity (3.38) that, in a direct measurement, does not affect the quantity (3.38) that is actually
measured, but affects the relation between the indication and the measurement result

EXAMPLE Amount-of-substance concentration of bilirubin in a direct measurement of haemoglobin amount-
of-substance concentration in human blood plasma.

[SOURCE: TSO/TEC Guide 99:2007 2.5Z, modified — excludes 3 examples and Z notes.]

3.17

international conventional calibrator
international conventional calibration material
international measurement standard

calibfator (3.6) whose quantity (3.38) value is not metrologically traceable (3.31) to the SI buf is assigned
by international agreement

Note [l to entry: The quantity (3.38) is defined with respect to the intended-clinical application.

3.18
international conventional reference measurement procedure
international conventional RMP

MP (B.27) yielding values that are not metrologically traceable to the SI but which by ipternational
agreement are used as reference values for a defined:quantity (3.38)

Note [l to entry: The quantity (3.38) is defined with respect to the intended clinical application.

3.19
international harmonisation protocol
description of a process implemented by‘an international body to achieve equivalence of medsured values
(3.13) within medically acceptable limits among two or more IVD MDs (3.21) intended for ¢xamination
of the same measurand (3.26) fox_cases where there are no higher order RMPs (3.15) and no fit for
purpose CRMs (3.9) or international conventional calibrators (3.17)

Note [l to entry: A harmonisation’protocol can be used to achieve standardization of measured valugs for a stated
measprand (3.26) when there-are no other higher order reference system components that are suitdble for use.

3.20
international méasurement standard
meadurement standard (3.28) recognized by signatories to an international agreement and|intended to
serve¢ worldwide as the basis for assigning values to other standards for the same quantity [3.38)

EXAMPEEI The international prototype of the kilogram.

EXAMPLEZ ERM®-DAZ70K/IFCC for the calibration (3.4) of Iimmunoassay-based In-vitro diagnostic devices or
control products for the proteins certified. European Commission — Joint Research Centre (JRC), Geel, Belgium.

EXAMPLE 3  Triple point of water — the single combination of pressure and temperature at which liquid water,
solid ice, and water vapour coexist in a stable equilibrium, occurring at exactly 273,16 K (0,01 °C; 32,02 °F) at a
partial vapour pressure of 611,657 pascals (6,116 57 mbar; 0,006 036 59 atm).

[SOURCE: ISO/IEC Guide 99:2007 5.2, modified — Example 2 and Example 3 have been deleted. New
Example 2 and Example 3 have been added]
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3.21

in vitro diagnostic medical device

IVD medical device

IVD MD

device, whether used alone or in combination, intended by the manufacturer (3.22) for the in vitro
examination of specimens derived from the human body solely or principally to provide information
for diagnostic, monitoring or compatibility purposes and including reagents, calibrators (3.6), control
materials (3.11), specimen receptacles, software, and related instruments or apparatus or other articles

[SOURCE: ISO 18113-1:2009, 3.27]

3.22
manufactu
entity with

1IVD MD (3.2
on the marK

entity or on

Note 1 to ent
business), an
separate and

Note 2 to ent

regulatory rd

available or §

Fer
responsibility for design, manufacture, fabrication, assembly, packaging or labélling
1), for assembling a measuring system (3.29), or adapting an IVD MD (3.21) beforelitis p

their behalf by a third party
association, an institution, or a medical laboratory. An entity should be“identifiable in term|
distinct existence and objective reality.

'y: The manufacturer has ultimate legal responsibility for ensuring conformance with all appl
quirements for the IVD MD (3.21) in the countries or jurisdiefion's where it is intended to be

(RA) within that jurisdiction.

Note 3 to enf

responsibilit

es include meeting both pre-market requirementsiand post-market requirements, such as ad

event reporting and notification of corrective actions.

Note 4 to ent

development
sterilization,

possibly othe

Note 5 to en
manufacture
instructions
use of the IV]]

Note 6 to enf
behalf of thd
considered td

Note 7 to en
contact detai
considered a

installation, or remanufacturing of anJdVD MD (3.21); or putting a collection of IVD MDs (3.21
r products, together for a medical puypose.

' for purposes of an examination to be performed on a human sample in accordance wit
for use, is not the manufacturer, provided the assembly or adaptation does not change the intg
MD (3.21).

ry: Any entity who)changes the intended use of, or modifies, an IVD MD (3.21) without acti
be the manufacturer of the modified device.
try: Ancauthorised representative, distributor or importer who only adds its own addres

s torth€ VD MD (3.21) or the packaging, without obscuring or changing the existing labelling,
manufacturer.

et and/or put into service, regardless of whether these operations are cartied out by

old, unless this responsibility is specifically imposed on anathér entity by the Regulatory Auth

ry: The manufacturer’s responsibilities are describéd in other GHTF guidance documents.

ry: ‘Design and/or manufacture’, as referred to in the above definition, may include specific
production, fabrication, assembly, processing, packaging, repackaging, labelling, relabg

kry: Any entity that assemblés\or adapts an IVD MD (3.21) that has already been supplied

pf an
aced
that

ry: An entity includes but is not limited to an individual, a corporation (or(other legally established

s of a

cable
made
ority

[hese
verse

ation
lling,
), and

by a
h the
nded

hg on

original manyfacturer and who makes it available for use under their own name, should be

5 and
is not

Note 8 to entry: To the extent that an accessory is subject to the regulatory requirements of (an IVD MD (3.21)),
the entity responsible for the design and/or manufacture of that accessory is considered to be a manufacturer.

[SOURCE: ISO 18113-1:2009, 3.36, modified — Replaced 'natural or legal person' and 'person’ with
'entity’; source Notes are excluded; new Note 1 to entry is introduced; Notes to entry 2-8 added and
sourced (with minor modifications to ensure consistency in terminology as given in this definition)
from GHTF/SG1N055:2009, 5.1.]

3.23

matrix effect

influence of a property of the sample, independent of the presence of the analyte (3.1), on the
measurement and thereby on the measured quantity (3.38) value

Note 1 to entry: A specified cause of a matrix effect is an influence quantity (3.16).
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Note 2 to entry: The term 'matrix effect' is sometimes erroneously used in cases of non-commutability of a
material due to causes such as, e.g. a denatured analyte (3.1) or an added non-genuine component (surrogate

analy

te (3.1)) intended to simulate the measurand (3.26).

[SOURCE: ISO 15194:20009, 3.7, modified — Excluded NOTE 2 and Example; added Note 2 to entry.]

3.24

matrix
system matrix
<material> components of a material system, except the analyte (3.1)

Note

1 to entry: The biological system excluding the analyte (3.1) is the matrix of the material.

[SOU
matrn

3.25
max
Umal]

maxi
MP (]

Note
Engli
the c
or leg
therg

Note
1VD M

3.26
mea
quan

Note
the sf
andt

Note
“quan]

Note
meas
being

EXAN
from

RCE: ISO 15194:2009, 3.6, modified — added <material> as domain; added symon
ix’; added Note 1 to entry.]

imum allowable measurement uncertainty
K(»)

mum fit for purpose measurement uncertainty (3.48) for measurement'results produce
B.27), and specified as an upper limit based on an evaluation of medical requirements

1 to entry: ISO/IEC Guide 99:2007 4.26, defines maximum permissible measurement errg
Kh usage, the difference between the terms allowed and permitted is analogous to the differg
ncepts of tolerance (allowed) and authorization (permitted)™Authorization implies a statuto
al requirement. For most measurands (3.26) in laboratory niedicine there are no legal limits of
fore allowable is the preferred adjective in the context of this definition.

2 to entry: In this document, the maximum allowable-measurement uncertainty (3.25) specif
(D (3.21) is abbreviated Umax(y).

surand
tity (3.38) intended to be measured

1 to entry: Specification of a measurand requires knowledge of the kind of quantity (3.38), ¢
ate of the phenomenon, body,.or substance carrying the quantity (3.38), including any relevan
he chemical entities involved.

2 to entry: In the second edition of the VIM and in IEC 60050-300:2001, the measurand is d
tity (3.38) subject talmeasurement”.

3 to entry: The{méasurement, including the measuring system (3.29) and the conditions ung
urement is carried out, could change the phenomenon, body, or substance such that the gy
measured-can differ from the measurand as defined. In this case, adequate correction is nece

PLE The length of a steel rod in equilibrium at ambient Celsius temperature of 23 °C wi
theNlength at the specified temperature of 20 °C, which is the measurand. In this case, a

ym ‘system

d by a given

r. In modern
nce between
y, mandated,
performance,

cation for an

escription of
t component,

efined as the

er which the
antity (3.38)
Esary.

| be different
correction is

necefq

sary.

Note 4 to entry: In chemistry, ‘analyte’ (3.1), or the name of a substance or compound, are terms sometimes used
for ‘measurand’. This usage is erroneous because these terms do not refer to quantities (3.38).

Note 5 to entry: In laboratory medicine, the description of the measurand includes the name of the quantity
(3.38) (e.g. amount of substance concentration), the component/analyte (3.1) (e.g. B-D-glucose), and the biological
system in which it is found (e.g. blood plasma).

[SOURCE: ISO 18113-1:2009, 3.39, modified — Note to entry 3 and 5 added, example added]
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measurement procedure

MP

detailed description of a measurement according to one or more measurement principles and to a given
measurement method (3.30), based on a measurement model and including any calculation to obtain a
measurement result

Note 1 to entry: An MP is usually documented in sufficient detail to enable an operator to perform a measurement.

Note 2 to entry: An MP can include a statement concerning a target measurement uncertainty (3.48).

Note 3 to ent

ry: An MP is sometimes called a standard operating procedure, abbreviated SOP

[SOURCE: IS

3.28
measurems
standard

realization
measuremer

EXAMPLE 1
of 3 pg.

EXAMPLE 2
measurement

EXAMPLE 3
concentratio

Note 1 to ent
(3.29), a maty

Note 2 to enf
(3.38) valuef
thereby estal
measuring in

Note 3 to ent
“realization”,
realization s
its definition
it happens, e
of the Joseph|
adopting a n

(3.28) of 1 kg.

Note 4 to ent]
a component

O/IEC Guide 99:2007 2.6]

pnt standard

f the definition of a given quantity (3.38), with stated quantity (3.38).value and assoc
t uncertainty (3.48), used as a reference

Set of reference solutions of cortisol in human serum haying a certified quantity value
uncertainty (3.48) for each solution.

RM (3.39) providing quantity (3.38) values with med@surement uncertainties (3.48) for the
1 of each of ten different proteins.

ry: A “realization of the definition of a given quamntity (3.38)” can be provided by a measuring sj
brial measure, or a RM (3.39).

ry: A measurement standard is frequently used as a reference in establishing measured qu

and associated measurement uncertainties (3.48) for other quantities (3.38) of the same
blishing metrological traceability (3.31) through calibration (3.4) of other measurement stand
struments, or measuring systems (3.29).

ry: The term “realization”’/iswsed here in the most general meaning. It denotes three procedu
The first one consists in the physical realization of the measurement unit from its definition 4
nsu stricto. The second, termed “reproduction”, consists not in realizing the measurement unit
but in setting up a-highly reproducible measurement standard based on a physical phenomen

son effect forthe volt or of the quantum Hall effect for the ohm. The third procedure consi
aterial medsure as a measurement standard. It occurs in the case of the measurement sta

ry:A standard measurement uncertainty (3.48) associated with a measurement standard is a
ofthe combined standard measurement uncertainty (3.33) in a measurement result obtained

jated

1 kg mass measurement standard with an associated standard measurement uncertainty (|3.

mass

bstem

intity
kind,
ards,

res of
and is
from
bn, as

g. in case of use-ef-frequency-stabilized lasers to establish a measurement standard for the metre,

5ts in
hdard

ways
using

the measure
compared wi

Temnt stamdard {see 1SO/TEC Guide 98=-372008—GUM, 2:34)Frequently, this comporment s
th other components of the combined standard measurement uncertainty (3.33).

mall

Note 5 to entry: Quantity (3.38) value and measurement uncertainty (3.48) must be determined at the time when
the measurement standard is used.

Note 6 to entry: Several quantities (3.38) of the same kind or of different kinds may be realized in one device
which is commonly also called a measurement standard.

[SOURCE: ISO/IEC Guide 99:2007 5.1, modified — Example 2 to Example 4 and Note 7 to Note 9 have
been deleted.]
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3.29

measuring system

measurement system

set of one or more measuring instruments and often other devices, including any reagent and supply,
assembled and adapted to give information used to generate measured quantity (3.38) values within
specified intervals for quantities (3.38) of specified kinds

Note 1 to entry: A measuring system may consist of only one measuring instrument.
[SOURCE: ISO/IEC Guide 99:2007 3.2]

3.30
mea‘Eurement method

method of measurement

generic description of a logical organization of operations used in a measurement

Note [l to entry: Measurement methods may be qualified in various ways such as:
— d4ubstitution measurement method;

— dlifferential measurement method;

— 1ull measurement method;

— dlirect measurement method;

— indirect measurement method.

See IEC 60050-300:2001.

[SOURCE: ISO/IEC Guide 99:2007 2.5]

3.31
metrological traceability
property of a measurement result whereby the result can be related to areference through a flocumented
unbrpken chain of calibrations (3.4), eath contributing to the measurement uncertainty (3.48)

Note [l to entry: For this definitionjasreference’ can be a definition of a measurement unit througl its practical
realization, or a MP (3.27) including the measurement unit for a non-ordinal quantity (3.38), or a [neasurement
standard (3.28).

Note P to entry: Metrological traceability requires an established calibration hierarchy (3.5).

Note|3 to entry: Specification of the reference must include the time at which this reference|was used in
estabjlishing the edlibration hierarchy (3.5), along with any other relevant metrological informatfon about the
reference, such{as'when the first calibration (3.4) in the calibration hierarchy (3.5) was performed.

Note |4 to entry: For measurements with more than one input quantity (3.38) in the measurg¢ment model,
each [of the input quantity (3.38) values should itself be metrologically traceable and the calibraflion hierarchy
(-.0) bsvolved mav form o branched structure gr anefwork The offgrt inuglved in establishingmetrological

traceability for each input quantity (3.38) value should be commensurate with its relative contribution to the
measurement result.

Note 5 to entry: Metrological traceability of a measurement result does not ensure that the measurement
uncertainty (3.48) is adequate for a given purpose or that there is an absence of mistakes.

Note 6 to entry: A comparison between two measurement standards (3.28) may be viewed as a calibration (3.4) if
the comparison is used to check and, if necessary, correct the quantity (3.38) value and measurement uncertainty
(3.48) attributed to one of the measurement standards (3.28).

Note 7 to entry: The ILAC considers the elements for confirming metrological traceability to be an unbroken
metrological traceability chain to an international measurement standard (3.20) or a national measurement
standard (3.28), a documented measurement uncertainty (3.48), a documented MP (3.27), accredited technical
competence, metrological traceability to the SI, and calibration (3.4) intervals (see ILAC P10:01/2013).
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Note 8 to entry: The abbreviated term “traceability” is sometimes used to mean ‘metrological traceability’ as
well as other concepts, such as ‘sample traceability’ or ‘document traceability’ or ‘instrument traceability’ or
‘material traceability’, where the history (“trace”) of an item is meant. Therefore, the full term of “metrological
traceability”is preferred if there is any risk of confusion.

Note 9 to entry: Regarding Note 4 to entry above, VIM , 2.50, defines input quantity (3.38) in a measurement
model as the quantity (3.38) that must be measured, or a quantity (3.38) the value of which can be otherwise
obtained, in order to calculate a measured quantity value of a measurand (3.26).

EXAMPLE Length of a steel rod at a specified temperature is the measurand (3.26), while the ambient
temperature, the observed length of the steel rod, and the thermal expansion coefficient of the steel rod are the
input quantities (3.38) in the measurement model.

[SOURCE: ISO/IEC Guide 99:2007 2.41, modified — Note 9 to entry and EXAMPLE have been addeqd.]

3.32
metrology
science of measurement and its application

Note 1 to eptry: Metrology includes all theoretical and practical aspects of measurement, whatever the
measurementl uncertainty (3.48) and field of application.

[SOURCE: ISO/IEC Guide 99:2007 2.2]

3.33
combined standard measurement uncertainty
combined standard uncertainty

u(y)
standard measurement uncertainty (3.48) that is obtained using the individual standard measurement
uncertaintigs associated with the input quantities (3.38) ima measurement model (see 4.7)

[SOURCE: ISO/IEC Guide 99:2007 2.31, modified — Note to entry has been deleted.]

3.34
precision of measurement
closeness offagreement between indications-er measured quantity (3.38) values obtained by replicate
measuremehts on the same or similar objects under specified conditions

Note 1 to enfry: Measurement precision,is usually expressed numerically by measures of imprecision, sych as
standard devfiation, variance, or coefficient of variation under the specified conditions of measurement.

Note 2 to entry: The ‘specified\conditions’ can be, for example, repeatability conditions of measurement,
intermediate| precision conditions of measurement, or reproducibility conditions of measurement| (see
[SO 5725-1:1994).

Note 3 to entfy: Measurement precision is used to define measurement repeatability, intermediate measurgment
precision, anfl measurement reproducibility.

Note 4 to entfy:s’Sometimes “measurement precision” is erroneously used to mean measurement accuracy.

[SOURCE: ISO/IEC Guide 99:2007 2.15]

3.35

primary reference material

primary RM

high purity material of the analyte (3.1), certified for the mass/mole fraction of the analyte (3.1) in the
material, and which constitutes the realization of the International System of Units (SI) for the analyte
(3.1) of interest

Note 1 to entry: A primary reference material has its value assigned either directly by a primary RMP (3.36) or
indirectly by determining the impurities of the material by appropriate analytical methods (e.g. mass balance
method).

12 © IS0 2020 - All rights reserved
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3.36

primary reference measurement procedure

primary RMP

reference measurement procedure (RMP) (3.40) used to obtain a measurement result without relation to
a measurement standard (3.28) for a quantity (3.38) of the same kind

EXAMPLE The volume of water delivered by a 50 mL pipette at 20 °C is measured by weighing the water
delivered by the pipette into a beaker, taking the mass of beaker plus water minus the mass of the initially empty
beaker, and correcting the mass difference for the actual water temperature using the volumic mass (mass
density).

Note 1 to entry: The term 'primary RMP' (3.36) as used here refers to a fully detailed set of measurement
instrjictions whereas the term 'primary method of measurement' (3.30) as defined by the Consultatiye Committee
for Amount of Substance (CCQM) is a generic description of a measurement principle or a measurgment method
(3.30) covering various procedures.

[SOURCE: ISO/IEC Guide 99:2007 2.8, modified — Note 1 and Note 2 have been'deleted and Note 1 to
entry has been added.]

3.37
primary measurement standard
primary standard

primary calibrator

meaqurement standard (3.28) established using a primary RMR(3.36), or created as an artgfact, chosen
by canvention

EXAMPLE1 Primary measurement standard of amount-of-substance concentration prepared by dissolving a
known amount of substance of a chemical component to a:knewn volume of solution.

EXANPLE 2  Primary measurement standard for pressure based on separate measurements of fqrce and area.

EXAMPLE 3  Primary measurement standard for isotope amount-of-substance ratio measurements, prepared
by mixing known amount-of-substances of specified isotopes.

EXANPLE 4  Triple-point-of-water celldas:aprimary measurement standard of thermodynamic temperature.
EXANPLES5  The international prototype of the kilogram as an artefact, chosen by convention.
[SOURCE: ISO/IEC Guide 99:2007 5.4]

3.38
quantity
property of a phemomenon, body, or substance, where the property has a magnitude [that can be
expressed as a ndmber and a reference

EXAMPLE 1 NPlasma (Blood) — Sodium ion; amount-of-substance concentration equal to 143|mmol/L in a
given person‘ata given time”.

EXANPBEE?2  Number concentration of erythrocytes in blood sample (Whole Blood — erythrocytes; number
concemtratiomequatto5xt0¢utimagiverr persomata givertine):

Note 1 to entry: The preferred IUPAC-IFCC format for designations of quantities in laboratory medicine is
“System — Component; kind-of-quantity”.

Note 2 to entry: "Quantity” is not to be confused with "analyte"(3.1).
Note 3 to entry: MPs (3.27) for which the measurement is expressed in a qualitative manner (e.g. “present” or
“not present”) against a ratio or counting scale with a pre-determined decision threshold, are consistent with

this definition of the term quantity.

[SOURCE: ISO/IEC Guide 99:2007 1.1, modified — Note 1 to Note 6 have been deleted, and Example 2,
Note 2 to entry and Note 3 to entry have been added.]
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3.39

reference material

RM

material sufficiently homogeneous and stable with reference to specified properties, which has been
established to be fit for its intended use in measurement or in examination of nominal properties

EXAMPLE1 Examples of RMs embodying quantities (3.38):
a) water of stated purity, the dynamic viscosity of which is used to calibrate viscometers;

b) human serum without an assigned quantity (3.38) value for the amount-of-substance concentration of the
inherent cholesterol, used only as a measurement precision control material (3.11).

EXAMPLE 2 | Examples of RMs embodying nominal properties:
a) colour chart indicating one or more specified colours;

b) DNA corIpound containing a specified nucleotide sequence;

c) urine coptaining 19-androstenedione.

EXAMPLE 3 | Substance of known triple-point in a triple-point cell.
EXAMPLE 4 | Glass of known optical density in a transmission filter holder.

EXAMPLE5 | Spheres of uniform size mounted on a microscope slide.

EXAMPLE 6 | Human serum with an assigned quantity value  for+ cholesterol (amount of substance)
concentratioh and associated measurement uncertainty (3.48), used as a'calibrator (3.6) or measurement trieness
control maternjial (3.46).

Note 1 to eptry: Examination of a nominal property provides a nominal property value and assodiated
uncertainty. This uncertainty is not a measurement uncertainty (3.48).

Note 2 to enfry: RMs with or without assigned quantity (3.38) values can be used for measurement pre¢ision
control whergas only RMs with assigned quantity (3.:38) values can be used for calibration (3.4) or measurgment
trueness contfol (3.46).

Note 3 to enty: ‘RM’ comprises materials embodying quantities (3.38) as well as nominal properties.
Note 4 to entfy: A RM is sometimes incorporated into a measuring system (3.29).

Note 5 to enfry: Some RMs havelassigned quantity (3.38) values that are metrologically traceable (3.31) to a
measurementf unit outside a system of units. Such materials include vaccines to which International Unit$ (IU)
have been as$igned by the WHO22I,

Note 6 to enfry: In a givenn measurement, a given RM can only be used for either calibration (3.4) or qyality
assurance.

Note 7 to enfry? The specifications of a RM should include its material traceability, indicating its origih and
processing[2]

o

Note 8 to entry: ISO/REMCO has an analogous definition[23] but uses the term “measurement process” to mean
‘examination’ (see ISO 15189:2012), which covers both measurement of a quantity (3.38) and examination of a
nominal property.

Note 9 to entry: A RM, accompanied by documentation issued by an authoritative body and referring to valid
procedures used to obtain a specified property value with associated measurement uncertainty (3.48) and
metrological traceability (3.31), is called a CRM (3.9).

Note 10 to entry: Requirements for the specifications of RMs intended for calibration (3.4) of RMPs (3.40) are
described in ISO 15194.

Note 11 to entry: Uses of RMs include the calibration (3.4) of a measuring system (3.29), assessment of a MP (3.27),
assigning values to other materials, and quality control. See also measurement standard (3.28).
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Note 12 to entry: Example of a RM that embodies a quantity (3.38): Blood plasma containing a stated mass
fraction of glucose, intended for use as a calibrator (3.6).

[SOURCE: ISO/IEC Guide 99:2007 5.13, modified — Note 3 to entry, excludes EXAMPLE 1.c; Note 4 to
entry, replaced “...specially fabricated device” with “...measuring system”.]

3.40

reference measurement procedure

RMP

MP (3.27) accepted as providing measurement results fit for their intended use in assessing

measurement trueness (3.47) of measured quantity (3.38) values obtained from other MPs (3.27) for
quan ities ('2 QQ) ofthe same Lrinr]’ incalibration (ﬂ)’ orin Phararfnri'ﬂ'ng RMg (Q QQ)

Note |l to entry: Requirements for RMPs for use in calibration hierarchies (3.5) supporting VD, MDs (3.21) are
descifibed in ISO 15193.

[SOURCE: ISO/IEC Guide 99:2007 2.7, modified — Note 1 to entry has been added}

3.41
reference measurement system
meadquring system (3.29) accepted as fit for its intended purpose-in assessing or pstablishing
meagurement trueness (3.47) for quantity values obtained from other MPs (3.27) for thg measurand
(3.264); comprised of (1) a unit of measurement, (2) a definitiofivof the measurand (3.26), (3) RMP(s)
(3.40), (4) RM(s) (3.39) and (5) one or more laboratories providing reference measurementiservices.

Note[l to entry: Definition is taken from Reference [30].

3.42
secondary measurement standard
secondary standard

secondary calibrator

meadurement standard (3.28) established’\through calibration (3.4) with respect to| a primary
meaqurement standard (3.37) for a quantity-(3.38) of the same kind

Note [l to entry: Calibration (3.4) may be‘ebtained directly between a primary measurement standard (3.37) and a
secorfdary measurement standard ofiinvolve an intermediate measuring system (3.29) calibrated by the primary
measprement standard (3.37) and-assigning a measurement result to the secondary measurement sfandard.

Note 2 to entry: A measurementstandard (3.28) having its quantity value assigned by a ratio primary RMP (3.36)
is a secondary measurement-standard.

Note B to entry: An alternate applicable term for a secondary standard or calibrator (3.6), not includgd in VIM 5.5,
is ‘se¢ondary referénce' material.’

[SOURCE: ISOQ/IEC Guide 99:2007 5.5, modified — Note 3 to entry has been added.]

3.43
manr.lfacturer's selected measurement procedure
manufacturer's selected MP

MP (3.27) that s calibrated by one or more primary (3.37) or secondary calibrators (3.42) when available

Note 1 to entry: Throughput and other desired “productivity” features can make a given selected MP (3.27) less
desirable for use in a setting requiring higher volume and faster turnaround times. A selected MP (3.27) can also
be one with established clinical validity, in addition to having known (and acceptable) analytical performance
attributes. Selected MPs (3.27) are sometimes used by manufacturers (3.22)as an internal benchmark to support
research and development of new MPs (3.27) (intended to be commercialized by the manufacturer (3.22)), and
are often used to support assignment of values to “working” or “master” calibrators (3.51) in support of routine
value assignment of “product” end-user IVD-MD calibrators (3.12) for use by one or more /VD-MDs (3.21).

Note 2 to entry: The manufacturer's selected MP can be based on the same principle and measurement method
(3.30) as the end-user’s IVD MD (3.21), but operated under more precisely controlled conditions (e.g., a larger
number of replicates and/or a stricter control system) so as to reduce measurement uncertainty (3.48) in the
value of the quantity (3.38) measured.
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Note 3 to entry: The manufacturer's selected MP can be based on the same principle and measurement method
(3.30) as that of a higher order RMP (3.15) for the measurand (3.26).

3.44

manufacturer’s standing measurement procedure

manufacturer’s standing MP

MP (3.27), calibrated with a RM (3.39) or with a manufacturer’s working calibrator (3.51), used to assess
or assign values to the end-user’s calibrator (3.12)

Note 1 to entry: The manufacturer's standing MP can be based on the same principle and measurement method
(3.30) as the end-user’s IVD MD (3.21), but operated under more precisely controlled conditions (e.g., a larger

number of replicates and/or a stricter control system) so as to reduce measurement uncertainty (3.48) in the
value of the quantity (3.38) measured.

3.45

true value of a quantity

true value

quantity value consistent with the definition of a quantity (3.38)

Note 1 to enfry: In the (total) Error Approach to describing measurement, a true quantity value is consi¢lered
unique and, |n practice, unknowable. The Uncertainty Approach is to recognize that/owing to the inhegently
incomplete amount of detail in the definition of a quantity (3.38), there is not a single true quantity valye but
rather a set df true quantity values consistent with the definition. However, this set of values is, in principle and
in practice, unknowable. Other approaches dispense altogether with the corcept of true quantity value ang rely
on the concept of metrological compatibility of measurement results for asséssing their validity.

Note 2 to entry: In the special case of a fundamental constant, the qudutity (3.38) is considered to have a §ingle
true quantity value.

Note 3 to enfry: When the definitional uncertainty associated*with the measurand (3.26) is considered [to be
negligible compared to the other components of the measuiefient uncertainty (3.48), the measurand (3.26) may
be considerefl to have an “essentially unique” true quantity value. This is the approach taken by the GUM and
associated dgcuments, where the word “true” is considéred to be redundant.

Note 4 to entfy: The concept of a true value recoghizes that, due to inherent measurement uncertainty (3.44), the
true value cap never be known.

[SOURCE: ISO/IEC Guide 99:2007 2.11,modified —Note 4 to entry has been added.]

3.46

trueness cqntrol material

trueness cqntrol

RM (3.39) that is used to.dssess the measurement bias (3.3) of a specified quantity (3.38) in a spedified
measuring spstem (3.29)

Note 1 to entfy: Trueness control materials are often prepared in a matrix (3.24) designed to emulate the matrix
(3.24) of the Intended"’human samples.

Note 2 to enkry Trueness control materials should be evaluated to establish their commutability (3.10)f with

human samples.

Note 3 to entry: Trueness control materials may be made available by their manufacturers (3.22) as CRMs (3.9).

3.47

trueness of measurement
measurement trueness

trueness

closeness of agreement between the average of an infinite number of replicates measured quantity
values and a reference quantity value

Note 1 to entry: Measurement trueness is not a quantity and thus cannot be expressed numerically, but measures

for closeness

16

of agreement are given in ISO 5725-1.
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Note 2 to entry: Measurement trueness is inversely related to systematic measurement error but is not related to
random measurement error.

Note 3 to entry: “Measurement accuracy” should not be used for ‘measurement trueness’.

Note 4 to entry: For qualitative examinations, trueness of measurement (closeness of agreement) can be
expressed in terms of concordance (i.e. percent agreement with a reference examination).

Note 5 to entry: Trueness is a property of the MP (3.27) that reflects the bias (3.3) of the measurements from the
expected or target value. It is described qualitatively as good or bad. A MP (3.27) has good trueness if the bias

(3.3)

of the measurements is low.

Note
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referred to as “accuracy of the mean.”

RCE: ISO/IEC Guide 99:2007 2.14, modified — Note 3 and Note 6 to entry have'been a
ken from ISO 16577: 2016, 3.105.]

rtainty of measurement

surement uncertainty

hegative parameter characterizing the dispersion of the quarntity values being att
urand (3.26), based on the information used

1 to entry: Measurement uncertainty includes components arising from systematic effects, as
ctions to the assigned quantity values of measurement standards (3.28). Sometimes estimatg
s are not corrected for, but instead, the associated measurement uncertainty components are

2 to entry: The parameter may be, for example;’a“standard deviation called standard

ated by Type A evaluation of measurement)uncertainty from the statistical distribution of]
s from series of measurements and can/be characterized by standard deviations. The other

s sometimes

lded. Note 6

ributed to a

in the case of
d systematic
ncorporated.

easurement

tainty (or a specified multiple of it), or the half-width of an interval, having a stated coverage probability.

3 to entry: Measurement uncertainty comprises, in general, many components. Some of these may be

the quantity
components,

which can be evaluated by Type B evaluationof measurement uncertainty, may also be characterizegl by standard

devidg

Note
assod

tions, evaluated from probability density functions based on experience or other information,

4 to entry: In general, for a given set of information, it is understood that the measurement y
iated with a stated quantitywvalue attributed to the measurand (3.26). A modification of this v3

a modlification of the associateduncertainty.

ncertainty is
lue results in

Note|5 to entry: Type A7evaluation of measurement uncertainty is defined as evaluation of p component
of m¢asurement uncertainty by a statistical analysis of measured quantity values obtained upnder defined
measjurement conditiens [adapted from VIM, 2.28].

Note
meas

6 to entryyType B evaluation of measurement uncertainty is defined as evaluation of a ¢
urement-uhcertainty determined by means other than a Type A evaluation. This may incl

devi

with guantity values of CRMs (3.9), (c) obtained from a calibration (3.4) certificate, (d) obtained fro

or ot

;}t}ions (@) obtained from information associated with authoritative published quantity values,

arman

omponent of
de standard
b) associated
m experience

F

[SOU
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RCE: ISO/IEC Guide 99:2007 2.26]

validation
verification (3.50), where the specified requirements are adequate for an intended use

EXAMPLE 1

be va

EXAMPLE 2

meas

EXAMPLE 3

A MP (3.27), ordinarily used for the measurement of mass concentration of nitrogen
lidated also for measurement of mass concentration of nitrogen in human serum.

urement of creatinine (mass) concentration in human urine.

prostate cancer in males older than 40 years.
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An MP (3.27) for creatinine (mass) concentration in human serum can also be validated for the

An MP (3.27) for the measurement of PSA (mass) concentration in serum to aid in the diagnosis of

17


https://standardsiso.com/api/?name=c6f8cfb4e79386d3aa54bd36f7713c03

ISO 17511

:2020(E)

Note 1 to entry: ISO 9000 defines validation as confirmation, through the provision of objective evidence that the
requirements for a specific intended use or application have been fulfilled.

[SOURCE: ISO/IEC Guide 99:2007 2.45, modified — Example 2, Example 3 and Note 1 to entry have been
added. Example 2 and Note 1 to entry have come from ISO 18113-1:2009, 3.72.]

3.50

verification
provision of objective evidence that a given item fulfils specified requirements

EXAMPLE 1

Confirmation that a given RM (3.39) as claimed is homogeneous for the quantity value and MP
(3.27) concerned, down to a measurement portion having a mass of 10 mg.

EXAMPLE 2
achieved.

EXAMPLE 3

Note 1 to ent
Note 2 to ent
Note 3 to ent

Note 4 to ent
in general, p4

system (3.29).

Note 5 to e
validation (3|

Note 6 to ent1
of the structy

Note 7 to enf
of an IVD (e.g
performed.

Note 8 to enf

Confirmation that performance properties or legal requirements of a measuring system (32

Confirmation that a target measurement uncertainty (3.48) can be met.
'y: When applicable, measurement uncertainty (3.48) should be taken into congideration.

Fy: The item may be, e.g. a process, MP (3.27), material, compound, or measuring system (3.29)

Fy: The specified requirements may be, e.g. that a manufacturer's (3.22)specifications are met
Fy: Verification in legal metrology (3.32), as defined in OIML V1:20/1'3, and in conformity assess

rtains to the examination and marking and/or issuing of a verification certificate for a meag

htry: Verification should not be confused with calibration (3.4). Not every verificatior
49).

D) are

ment
uring

y: In chemistry, verification of the identity of thie'éntity involved, or of activity, requires a description

re or properties of that entity or activity.

ry: Verification is the process by whichithe lab confirms that the established performance
. accuracy, precision, reportable rangejJcan be replicated in the lab before human sample test]

ry: Verification may be sufficient to implement a new IVD under circumstances where the t

performed afd used in the manner as direeted in the package insert.

[SOURCE: IS

3.51
working m

O/1EC Guide 99:2007'2:44, modified — Note 7 to entry and Note 8 to entry have been ad|

pasurement’standard

working standard

manufactu
manufactu
measuremer

Fer’s working calibrator
Fer’s master calibrator
tstandard (3.28) that is used to calibrate or verify measuring instruments or meas

systems (3.29)

laims
ing is

lest is

ded.]

uring

Note 1 to entry: A working measurement standard is usually calibrated (value assigned) with reference to a
reference measurement standard (3.28).

Note 2 to entry: In relation to verification (3.50), the terms “check standard” or “control standard” are also
sometimes used.

Note 3 to entry: A manufacturer (3.22) may choose to prepare a manufacturer’s working calibrator, which is
intended to transfer trueness (3.47) by means of calibration (3.4) to end-user IVD-MD calibrators (3.12).

Note 4 to entry: A working measurement standard is sometimes implemented as a surrogate RM (3.39) in lieu of
a more expensive higher order RM (3.14).

[SOURCE: ISO/IEC Guide 99:2007 5.7, modified — Note 3 to entry and Note 4 to entry have been added.]
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4 General requirements to be fulfilled by a manufacturer for establishing,
validating and documenting metrological traceability of human sample values
determined with a specified IVD MD

4.1 Requirements for documenting metrological traceability of measured quantity
values

A manufacturer shall document the complete calibration hierarchy and identify the highest metrological
reference to which the resulting measured quantity values are traceable, in conformance with the
requirements set out in this document.

The

valugs in human samples with a specified [IVD MD shall include:

a)

b)

d)

4 description of the reference measurement system, including the following elements:

measurand;

highest order MP, if applicable, or protocols for establishiig a metrological
calibration for the IVD MD;

NOTE 1
(e.g., an international professional body.)

(if applicable) RMs for calibration of any MP in /ii;

institutes, professional bodies, accreditatjon bodies or other authoritative body t

NOTE 2  Laboratories within the'scope of ‘iv.’ include calibration or reference laborato
by (or on behalf of) a manufacturer:

i description of the calibration  hierarchy, usually consisting of alternating pairs of M
bstablishing an unbroken seguence of value transfers, starting with the highest ord
ystem element available(see 4.1.a) and culminating in measured quantity values
amples using the IVD-MD.

17T - N\

imit, see 3.25)¢The estimated combined expanded measurement uncertainty, U(y) (se€
e documented-to not exceed the Umax(y). This assessment shall include an estimate of
tandard wncertainty, u(y) (3.33), of the final measured values on human samples for t
VD MD.-The estimation of u(y) (3.33) shall account for (and document) the u_,, of valug
o any.calibrators used to calibrate the IVD MD, regardless of whether the final calibj
VD.MD is performed by the end-user of the IVD MD or by the IVD MD manufacturer

reference laboratories and/or laboratory “networks, designated by national

of providing fit for purpose examinatiens of the measurand in the intended human

manufacturer’s documentation concerning the metrological traceability of measured quantity

ii applicable system of units (for example SI, IU, arbitrary or other) and definfition of the

y traceable

‘Protocols’ in ‘ii.” include those defined by a mandated body or by other authdritative body

metrology
b be capable
samples.

ries operated
Ps and RMs,

br reference
for human

gpecifications forthe’Umax(y) for the IVD MD (i.e. the measurement uncertainty upper gpecification

4.3.2), shall
he combined
he specified
(s) assigned
‘ation of the
(sometimes

PHad “F + Ll 3 LAY
Calicu 1atiul y Caliul dtiull J.

a summary description of the validation study(s) supporting the claim of metrological

traceability

of final measured quantity values assigned to human samples, using the specified [IVD MD.

4.2 Definition of the measurand

The measurand shall be defined and described per the following characteristics, and included in the
manufacturer’s documentation:

a)

name of the analyte (e.g. f-D-glucose).

b) biological system (e.g. human plasma). The intended medical use with regard to a particular

medical decision shall be taken into account.

© IS0 2020 - All rights reserved
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detection or for tumour detection and monitoring.

Human chorionic gonadotropin (total 3-hCG) in human blood plasma, either for pregnancy

¢) kind of quantity (e.g. amount-of-substance).
d) unit of measurement (e.g. mmol/L).
e) in cases where a measurand is defined by a particular MP, measurement protocol, or a group of

MPs (i.e. an operationally defined measurand), the MP or protocols shall be stated. MPs, calibrators
or protocols that are essential to the definition of a particular measurand shall be available for
general access and use by appropriately qualified laboratory personnel.

x(y)

4.3 Specilfications for maximum allowable expanded measurement uncertainty, Unid

4.3.1 Gen
The Umax(y]

MD in its infended setting with the intended human samples, and at minimum within the measure

intervals w]|
manufactur

4.3.2 Sco

The Umax()
combined m
MD, down {
expected urj
conditions.

eral requirements

for an IVD MD shall be established by the manufacturer for measureménts using the

here medical decisions are made. Specifications for Umax(y) shall be included iy
er’s documentation of the calibration hierarchy for the IVD MD.

pe of the specification

) specification established by the manufacturer ofithe IVD MD shall account fo
easurement uncertainty associated with all steps ifasthe calibration hierarchy for thg
0 and including the value assignment of end-use@IVD MD calibrators in addition t
certainty contribution due to routine use of the1VD MD, at minimum under repeata

NOTE1 T

e Umax(y) specification for an IVD MD is, the specification for the combined expanded

2 [VD
ment
1 the

" the
IVD
b the
hility

(k=2)

final
heme

maximum allowable measurement uncertainty covering.all steps in the calibration hierarchy, including the
measuremenf on human samples. Strategies for setting the Umax(y) for an IVD MD have been the central t
of various inflernational conferences [311-[34],

4.4 Defining the calibration hierarchy

4.4.1 General requirements

ralue
[or's),
h the
bn of
tion)
Dup

The calibration hierarchy Shall be defined as a sequence of consecutive calibrations and
assignments, alternating between fit-for-purpose MPs and RMs (measurement standards or calibra
beginning with a measurement standard and/or MP and ending with values for the measurand i
intended huyman samples as determined with the end-user IVD MD. The technical documentati
the calibration hieérarchy shall include a graphic representation (i.e. a figure or other illustrg
describing the linkage from the final results on human samples examined with the specified IVD M
to the highept-available metrological reference.

NOTE1 Depending on the availability of higher order references (materials and MPs) for a given measurand,
various calibration hierarchies and value transfer models are available (see Clause 5).

NOTE 2  The outcome (result) of each successive calibration in the hierarchy depends on the outcome (result)
of the previous calibration (see Clause 5).

NOTE 3  For certain measurands, the quantity being measured changes at various steps throughout the
calibration hierarchy.

EXAMPLE1  For certain proteins in serum, the quantity being measured might be the amount of substance of a
defined peptide derived from the protein of interest, or the amount of substance of a functional epitope.
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EXAMPLE 2 For 3-D-glucose in serum, the quantity being measured might be a mass fragment of a derivative
of B-D-glucose determined with mass spectrometry, or the product of the enzymatic degradation of 3-D-glucose
(e.g. H,0, when using a glucose oxidase procedure).

4.4.2 Measured quantity

For each step in the defined calibration hierarchy where practical, the quantity being measured in
the applicable RM (or human samples, in the case of the final measurements with an IVD MD) shall be
identified, and the relationship between the measured quantity (or quantities) and the measurand shall
be established.

4.4.3 Highestlevel of metrological traceability

For a given measurand, the metrologically highest placed MP, measurement protocol or calibration
matgrial in the calibration hierarchy shall be identified and shall define the highestlevel of metrological
tracgability for the stated measurement system.

4.4.4 Traceability to SI

For gan IVD MD that claims metrological traceability of reported values for human samples fo the SI, the
defined calibration hierarchy shall be supported by available higherorder references, inclpding either
or bdth RMs (requirements of ISO 15194 shall apply) and RMPsAxequirements of ISO 15193|shall apply)
that gnable realization of the appropriate SI unit of measure for the corresponding measurand.

4.4.3 Non-SI traceable IVD MDs

To clpim metrological traceability for a calibration and reported values (e.g. arbitrary or Ihternational
conventional units) using a non-SI traceable IVDAMD, the calibration hierarchy for the IVD|MD shall be
defirled in a way that enables consistent realization of the corresponding (non-SI) units of rheasure.

4.4.4 Number oflevels in the specified hierarchy

The pumber of levels (i.e. number of consecutive pairs of MPs and calibrators) in a calibrati¢gn hierarchy
may be modified by the parties.implementing the calibration hierarchy, provided that the |changes are
validated and the metrologically)highest elements of the hierarchy are retained (see Clause]5).

4.5 | Selection and requirements for RMs and calibrators

4.5.1 General requirements

The |calibraters‘(measurement standards) used at each step in the calibration hierar¢hy shall be
doc%u"l\ented to be fit for purpose by the party responsible for a given calibration step. The rationale

for delection of each calibrator within the calibration hierarchy shall be included in the IVD MD
mantifacturer’s documentation.

4.5.2 Characteristics to be documented

For each calibrator or RM applied in a defined calibration hierarchy for a particular IVD MD (excluding
the end-user IVD MD calibrators), the following characteristics shall be identified and documented, and
their consistency assured in replacement batches:

a) intended use of the material;

b) identity of the analyte (specifying as applicable atomic or molecular forms and/or chemical
surrogate forms of the analyte);

c) origin of the material (e.g. synthetic, recombinant, microbial, human or animal);
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phase(s) (gas, liquid, solid);

of aggregation (solution, suspension, lyophilized);

matrix of the material (e.g. aqueous, other solvents, buffer, protein solution, human samples);
assigned values and their metrological traceability;

expanded measurement uncertainty, U(y), of RM assigned values;

Expanded measurement uncertainty, U(y), divided by the coverage factor (reported on the RM
certificate), is the standard measurement uncertainty, u(y), which is used in further calculation of combined

ITICTIU UITCET LdiIlLy.
For non-certified reference materials (3.39) or calibrators, the standard uncertainty d
value and corresponding coverage factor is sometimes expressed as a probability de
ion of the assigned value.
()
batch homogeneity;
ability characteristics;
Fion if any (e.g. international, regional, national);
huthority if any (e.g. WHO, JISC, EU-JRC, NIST);

ite status (certified, non-certified).

her order RMs that conform with ISO 15194

r order RMs are required for particuldn steps in a calibration hierarchy, those matsg
to the requirements of ISO 15194 shall.be used when suitable and available. Document
194 conformity status of any applicable RMs that comprise various stages in a calibr

d)
e) state(s)
f)
g)
h)
NOTE 1
measur
NOTE 2
assigned
distribu
i) stability
j)  within-]
k) commuf
1) recogni
m) issuing
n) certificg
4.5.3 Higl
When highe
conforming
of the SO 1
hierarchy
NOTE T
requirement
4.5.4 RMj

In cases wh
for other rg
fulfilling all
calibration |
hierarchy h
characterist

f(1r an [VD MD shall be included (or-referenced) in the IVD MD manufacturer’s technical

e Joint Committee for Traceability in Laboratory Medicine (JCTLM) lists[28] RMs that confo
of SO 15194.

5 not conforming te 1SO 15194

asons (for.eXxample, commutability not established or not satisfactory) other RM
ISO 15194 requirements may be applied at the higher (highest) levels in a parti
pierarchy for an [IVD MD, as long as the parties responsible for establishing the calibr

hve<démonstrated (with documentary evidence) the fitness for purpose and perforni

the materia

characteristics as specified 1n 4.5.2.

4.5.5 Commutability of RMs

f the
nsity

rials

htion
htion
file.

'm to

ere ISO 15194 conforming RMs are not available, or if available CRMs are not suitable
b not
cular
htion

ance

iésof such RMs. Documentation of such RMs as defined in the present clause shall addlress

Where applicable, the commutability of a RM relative to human samples shall be documented to be

appropriate

NOTE

for its intended use at its position in the calibration hierarchy of an IVD MD.

MPs including those used to characterize and/or prepare primary (e.g. pure substance) RMs and

primary calibrators (see Clause 5, Figs. 1 and 3, m.1 and m.2) usually cannot be applied to human samples as
required when performing commutability assessments, hence commutability assessment is not required for such

RMs at these

22

levels (Clause 5, Figs. 1 and 3, m.1 and m.2) in a calibration hierarchy.
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4.5.6 Exception to commutability assessment requirements

When a RMP for the measurand (see Clause 5, Figs. 1, 2, and 3, p.3) is available, the first level where
RM commutability can be assessed is at the level where a secondary (matrix) RM or other secondary
calibrator (Clause 5, Figs. 1, 2 and 3, m.3), e.g. a CRM, is used in the calibration hierarchy, as in the
case of a calibrator for the manufacturer’s selected MP (Clause 5, Figs. 1, 2 and 3, p.4). For subsequent
steps further down the calibration hierarchy, such as at the value transfer step employing a working
calibrator (Clause 5, Figs. 1, 2 and 3, m.4) to calibrate the manufacturer’s standing MP (Clause 5, Figs. 1,
2 and 3, p.5), commutability of the RM/working calibrator (Clause 5, Figs. 1, 2 and 3, m.4) shall be
assessed to ensure appropriate value transfers and avoid bias.

4.5.7 Application of a non-commutable CRM

If a JRM (Clause 5, Figs. 1, 2 and 3, m.3) or international conventional calibrator intended|to calibrate
a manufacturer’s selected MP (Clause 5, Figs. 1, 2 and 3, p.4) demonstrates commutability with human
samples when measured by some but not all end-user IVD MDs intended for®xamination of a stated
meagurand, the CRM may still be used as a calibrator within the calibration hierarchy for a specified
IVD MD for which the RM does not demonstrate commutability to the intended human |[samples, by
application of a correction factor or function to the assigned value of the‘CRM. If applicable, details of the
use gnd validation of such a correction to assigned values of the CRM or'other RMs such as International
conventional calibrators shall be disclosed in the documentation 6P the calibration hierarchy for the
specified IVD MD, and the u_, of values assigned to the end-userJ¥VD MD calibrator(s) shallinclude any
incrgmental uncertainty associated with the correction factof)or' function.

4.5.8 Alternative RMs

In the absence of commutable CRMs or international conventional calibrators, rationfple shall be
docuﬂnented for selection of any alternative RMs',(used as calibrators) at each applicable |[stage in the
calibjration hierarchy. Alternative RMs shall be\documented to be fit for their intended pyrpose, shall
each|have an assigned value with a standard’measurement uncertainty, and shall be dem¢nstrated to
be cgmmutable with the intended humantsamples in each calibration transfer step in whijich they are
depl@yed. Technical documentation fersuch alternative RMs shall include pertinent characteristics as
outliped in 4.5.2.

NOTHE 1  Alternative RMs include,panels and/or pools of individual human samples, supplementdd or “spiked”
samplles prepared in natural oyartificial matrices, or other suitable materials.

NOTHE 2  For guidance gn-appropriate selection of human sample panel members for use in [a calibration
hierafchy see CLSI EP09-A3; EP14-A3 and EP30-A.

NOTE3  Humandgamples are assumed to be commutable when stored under conditions that have been
validated not to alter the stability of the measurand or matrix.

NOTE 4  Validation of storage conditions for human samples, for a specified measurand, can e performed
with [a répresentative panel of individual human samples. Such validation of storage conditior}s for human
sampllé-panels can be used to support use of subsequent sample panels, obtained from persons|with similar
health/diSease protiles, iIN SUStaining tie calibration nierarciy for the specitied 1VD MD, with no requirement for
validation of commutability of stored sample panels.

4.5.9 Augmentation of alternative RMs

In cases where human sample panels are deployed as alternative RMs in a calibration hierarchy for
a specified IVD MD, if the analyte in human samples (panels or pools) intended as RMs needs to be
modified by augmentation or depletion to achieve appropriate quantity values, the commutability of
the modified samples shall be validated. Where sample specific interferences or MP non-selectivity
limitations are identified, individual human samples presenting with these limitations shall be excluded
from human sample panels intended for use as calibrators in the calibration hierarchy.
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4.5.10 Non-commutable end-user IVD MD calibrators

When non-commutable materials are used as end-user calibrators (see Figures 1 to 6, m.5) for an IVD
MD, commutable materials (for example a panel of human samples) shall be used in the calibration
hierarchy to determine a correction factor or correction function to assign arbitrary values to the
non-commutable end-user IVD MD calibrators to compensate for any bias due to non-commutability.
If applicable, details of the use and validation of such a correction to assigned values of the non-
commutable end-user [VD MD calibrators shall be disclosed in the documentation of the calibration
hierarchy for the specified IVD MD, and the u_, of values assigned to the end-user IVD MD calibrator(s)
shall include any incremental uncertainty associated with the correction factor or function.

4.6 Selection and requirements for MPs

4.6.1 Ratjonale for selection of MPs and documentation responsibility

Each sequential value transfer step in a calibration hierarchy shall include a defined*MP that is ffit for
purpose. The rationale for selection of MPs at each level of the established calibration hierarchy|shall
be included|in the IVD MD manufacturer’s documentation and shall be accomipanied by suppofting
data demonstrating that the analytical performance characteristics of each“MP meets performance
requirements (i.e. is fit for purpose.) Elements of the documentation for a given MP in the calibrption
hierarchy mjay be obtained from a third party, for example from the developer of the applicable M.

4.6.2 Metrological status of MPs

The MPs at ¢ach level of a defined calibration hierarchy shall be,identified in terms of their metroldgical
status. RMHs that comprise elements of a calibration hierarchy according to the models describpd in
Clause 5 andthat meet the requirements of ISO 15193 shall be considered to be MPs of higher metroldgical
order. Diffeffent higher order RMPs may be deployed at.different steps in the hierarchy. In the casg that
ISO 15193 cpnforming RMPs are not available, MPs that do not fulfil ISO 15193 requirements may still
be applied i a hierarchy (for example a manufacturer’s selected MP, or a manufacturer’s standing|MP),
as long as the parties responsible for the calibration hierarchy have demonstrated (with documentary
evidence) tHe fitness for purpose and perforfmance characteristics of the relevant MPs.

EXAMPLE In the calibration hierarchy\for a particular measurand, an Sl-traceable higher order |[RMP,
calibrated with a CRM, is deployed at the highest level in the calibration hierarchy. At subsequent (lower) levels
in the calibrdtion hierarchy, value transfer steps to assign values to commercial calibrators are introduced that
deploy metrdlogically lower level MP5, (e.g. international conventional RMPs, manufacturer’s selected MPs|and/
or manufactyrer’s standing MPs),(ealibrated with secondary calibrators (with or without a certification.)

NOTE1 Sdme MPs that are)part of a calibration hierarchy, especially at the lower levels of a calibijation
hierarchy, ar¢ based on thégame principle as the end-user IVD MD (e.g. a manufacturer’s standing MP).

NOTE2  Cgmplete descriptions of higher order RMPs that establish traceability to SI units of measurgment
and conform with ISO- 15193 are often published in the scientific literature.

4.6.3 Referénreemeasurementiaboratoeries

Reference measurement laboratories conforming with ISO 15195 may be selected by a manufacturer
or other responsible party to provide reference measurement services in support of implementation
of a metrologically traceable calibration hierarchy. The selected reference measurement laboratories,
even if not conforming to ISO 15195, shall have demonstrated competence in providing best available
measurements for the selected measurand in terms of the metrological traceability of values measured
in human samples of the types intended and within the scope of the defined calibration hierarchy.

NOTE Conformance with ISO 15195 is independently demonstrated by achieving a listing of a reference
measurement laboratory’s reference measurement services in the JCTLM databasel28],
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4.6.4 Impact of influence quantities

The description of a metrologically traceable calibration hierarchy for an IVD MD shall include results
from investigation of the impact of influence quantities on the relevant MPs at each level of the
calibration hierarchy.

4.6.5 Changes in the measured quantity within a calibration hierarchy

To ensure an unbroken chain of relationships and enable reporting of measured values that are
traceable to the highest order available RMP (within medically acceptable limits), steps shall be taken
at all levels of the calibration hierarchy to address and/or prevent problems associated with differences
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change over the life of the [IVD MD due to factors such as aging of one or more reagents, invali
eddtothe end-user IVD MD calibrators

htes. Relative
Iman samples
dating values

EXAMPLES5  For the immunochemical measurement of ferritin amount of substance concentration in serum
with analyte micro heterogeneity, where different isoforms of ferritin are recognized to different degrees by
different monoclonal antibodies incorporated into different [IVD MDs, leading to different reported values for
various IVD MDs with certain human samples.

4.7 Estimating uncertainty of assigned values for end-user IVD MD calibrators

4.7.1 General requirements

The combined standard measurement uncertainty of the value assigned to an IVD MD calibrator
(designated u_,; throughout this document) shall be estimated and made available to end-users by the
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manufacturer. The u_,, shall not exceed an acceptable fraction of the Umax(y) specification for the IVD
MD taking into account a coverage factor k.

NOTE

4.7.2 Documentation for method of estimating u

The u

cal

The development of an error budget allocation for u, is discussed elsewherel331(34],

cal

is estimated preferably according to the principles of the GUM. Regardless of whether the GUM

method or a different method for estimation of the u_,, is followed, the method of statistical calculation
of the u,,; shall be documented and maintained in the technical file of the IVD MD calibrator at least for
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EXAMPLE 1
Formula (1):

u(y)=

26

The calculations shown in EXAMPLES 1 and 2 are applicable only under circumstances where the

Calculation of a combined standard uncertainty is performed according to generalized

2
3+...+u

()} +u(y);+u(y); +-+u(y): |

(0
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where

u(y) is the combined standard uncertainty of the final measured value;

u(y)y, u(y)y, u(y)s, -..u(y), arethe standard uncertainties of the contributing variances from
each step in the defined calibration hierarchy.

The expanded combined uncertainty, U, is calculated per Formula (2) as follows:

l :u(v\xk (2)

where

Y(y) isthe combined standard uncertainty determined according to Forniula (1);
U is the expanded combined uncertainty;

k is the coverage factor (often 2, for a level of confidence of approximately 95 %).

EXANPLE 2  Calculation of combined percent relative uncertainty<of @ measurement system [s performed
accorfding to the generalized Formula (3):

o

oru(y)z\/[%ru(y)f +%ru(y)§ +%ru(y)§ +...+%ru(y)i} (3)

wherge %ru(y) is the combined percent relative standard uncertainty and where each component relative
uncertainty is calculated according to Formula (4):

Yoru(y), =100xu(y), /m(y), (4)

and where

[ -

Yru(y), isthe percent relative.standard uncertainty of the ‘n*th component uncertainty;

U(y), is the standard uncertainty of the ‘n’-th component uncertainty;
m(y), is the meammeasured (or target) value of the measurand for the ‘n~th component njeasurement
proceduse.

The $quare of eathi~Component percent relative uncertainty, %ru(y)?, i.e. the percent relative variance, is
calcujated per Formula (5):

Uoru(y)lzl =[100xu(y), /m(y), :|2 (5)

where %ru(y)i is the percent relative variance of the ‘n’-th component uncertainty.

The component percent relative variances are then summed, and the square root of the sum of the component
percent relative variances is calculated according to Formula (3) to derive %ru(y), the combined percent relative
standard uncertainty for the measurement system.

4.7.5 Product modifications

When an IVD MD or a designated end-user calibrator for an [VD MD is modified by the manufacturer
(either the original manufacturer or a different entity), the u_,; of assigned values for each relevant IVD
MD calibrator shall be confirmed or re-estimated by the manufacturer, unless justification is provided
for why the change does not affect u,).

NOTE In this clause, a manufacturer is any entity, including a medical laboratory, who modifies an IVD MD.
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4.7.6 Information to be provided to the end-user

For assigned values of IVD MD calibrators, the minimum information concerning the u_, that shall be
provided by the calibrator manufacturer to the end-user on request is: numerical value of y, u_,(y),
where y is the value assigned to the calibrator.

NOTE1 Estimates for u_, of IVD MD calibrators are sometimes presented as the expanded uncertainty (U_,),
where U, = u., (¥) x k, usually with the coverage factor k = 2, giving a level of confidence of approximately 95 %.

Since the preferred information to be provided by the manufacturer is u_, as a combined standard uncertainty

only, the reporting of the expanded uncertainty (U_,) of calibrator assigned values is discouraged.

NOTE 2

Dependent on local and regional requirements, medical laboratory end-users of IVD MDs often use

the u, valug
uncertainty (
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Fategies (and increased burden of responsjbility for documentation) are required for caliby
ipporting measurands with no existing higher order references or harmonisation protocols.
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bveral validation-strategies may be applied, at the option of the party responsible (
cturer) for defining the calibration hierarchy of the particular IVD MD. Study strat
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ation in EQA, proficiency testing (PT), or other inter-laboratory comparison schemeg

that

utilize commutable test samples, with target values preferably assigned by a RMP (when available)

or a har

Method

monisation protocol.

Examination of banked human samples with values previously assigned by a RMP.

comparison studies on a set of human samples, comparing to a higher order RMP.

Method comparison studies on a set of human samples with another independent MP (that is
not a RMP).

Higher order analytical controls embedded into the calibration hierarchy and value assignment
MPs, focusing on use of carefully calibrated, SI traceable measurement tools and controls
(for example, balances, volumetric glassware, spectrophotometers, thermometers, ambient
environmental controls, reagents with highest available purity).
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NOTE1 Among the validation possibilities described above, the availability of a RMP is the most critical factor.

NOTE 2 Among the generic validation strategies described above, bullets a) to e) are focused on the output
(i.e. trueness of measured values) of the specified calibration hierarchy, while the strategies in bullet f) focus on
the trueness and reproducibility of the value transfer process and procedures within the calibration hierarchy
(i.e. critical steps such as volumetric and gravimetric measurement).

NOTE 3  For guidance on appropriate selection of human sample panel members for method comparison
studies (bullets c), d) and e) above), refer to CLSI EP09-A3, EP14-A3, and EP30-A.

4.8.3 Test design considerations and acceptance criteria

For yjalidation studies involving method comparisons with panels of human samples to support claims
of metrological traceability of a value assigned to an IVD MD calibrator [see 4.8.2, c), d) andl €], known
varidbles affecting human sample and/or calibrator measurements for both the test IVD MD being
evalyated and the RMP (or other MP) against which results from the test IVD MD ‘will bg compared,
shallbe accounted for. Pre-determined acceptance criteria for validation shall beyderived from and shall

not
fort
MD s

(e.g.
NOTH

4.8.4

For d
for t
be v{
for u
(see
limit
high
of th
alter

4.8.5

ceed the Umax(y) specifications for the IVD MD as defined in the respective calibrati
e measurand (see 4.3). The number of replicates of each sample being'measured using
hall be set such that the power to detect a bias as large as the validation criteria is rea
>80 %), while the chance of incorrectly failing the validation criteria is low (e.g. <5 %).

Methods for derivation of Umax(y) specifications for [IVD MBs‘@re discussed in depth elsey

Calibration hierarchies with an available RMP

alibration hierarchies as described in 5.2, 5.3 and5.4 (Figures 1, 2 and 3), with an ay
he measurand, traceability of values assigned te end-user calibrators and human s4
lidated by comparison of measured values;with sets of human samples of the type
se with the IVD MD. These comparisons-shall be made between values measured w
Figures 1-3, [p.3]) and values measure€d with the calibrated end-user’s IVD MD. Wh
ptions and costs make such comparisens impractical, in lieu of comparing the test [V
pst available RMP, a comparison-with a secondary RMP (or other lower order RMP)
e defined calibration hierarchy fer the measurand (see Figures 1-3, [p.4]) shall be aj
hative, with documented justification.

Calibration hierarchies with no available RMP

e case of calibration hierarchies for measurands with no available RMPs for the
ding calibratien“hierarchies supported by an international conventional caliby

n hierarchy
the test IVD
onably high

Uhere [311-[34],

ailable RMP
imples shall
(s) intended
ith the RMP
ere physical
D MD to the
that is part
1 acceptable

measurand,
ator or an

ds 4 and 5),

D’s for these
ing method

intended. For

a CRM with

ribed in 5.5

and Flgure 4, at least one method comparison study shall be performed in comparison to a different
and independent IVD MD intended for the same measurand that has been standardized with the same
international conventional calibrator or CRM and which claims to be metrologically traceable to the
specified international conventional calibrator or CRM. With IVD MDs for measurands standardized
according to an international harmonisation protocol (see 5.6 and Figure 5) at least one method
comparison study shall be performed in comparison to a different and independent IVD MD that has
been harmonised according to the international harmonisation protocol.

4.8.6 Calibration hierarchies with no RMPs and no CRMs

In the case of measurands with no available RMPs or CRMs, and no international conventional
calibrators or harmonisation protocols for the measurand (see 5.7 and Figure 6), internally developed
and maintained calibration hierarchies defined by manufacturers of IVD MDs intended for these
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kinds of measurands shall be validated for metrological traceability of values assigned to calibrators,
according to pre-determined acceptance criteria, by performing verification studies confirming that all
known input quantities and influence quantities in the measurement formula are carefully controlled
and reproducible. Key measurement variables and influence quantities contributing to the performance
of the IVD MD shall be defined and characterized.

Normal variation of the known MP variables and influence quantities shall be assessed and quantified
in terms of their contributions to the standard measurement uncertainty of the IVD MD, and their
combined effects (when summed statistically) shall not exceed an appropriate fraction of the Umax(y)
for the IVD MD.

4.8.7 Validation of design changes to an end-user IVD MD calibrator

In the case
risk assess;
values assig
(e.g. design
the course o
becomes av

NOTE D
in sources o
manufacturi
protocol cha

4.9 Addif

4.9.1 Obl

f design changes to an IVD MD calibrator, and as mandated per the results of approp
nents, the manufacturer shall perform re-validation of the metrological traceabili
ned to the IVD MD calibrator or shall justify in the manufacturer’s technical document
history file) rationale as to why re-validation of metrological traceability ishot requirg
f implementation of any design changes, end-users shall be informed if.any new inform
hilable regarding the performance expectations for the calibrator and-its intended [VD

bsign changes include (but are not limited to) changes in specifications of raw materials, ch
raw materials (e.g. changing from one tissue source to another tissue source for an enz

g process or vendor changes, amount of measurand specification changes, value-assigr
ges.

ional calibration hierarchy documentation responsibilities

gation to end-users
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The manufacturer of end-user IVD MD calibrator(s)shall provide to end-users on request the assigned

target valug
use withas

, the associated metrological traceability and u, for each level of calibrator provide
pecified IVD MD.

4.9.2 Mai

Documentation of procedures and datasupporting a calibration hierarchy of an IVD MD for measure
of a particular measurand(s) in human samples, including the manufacturing specifications, estinj

standard
procedures,

4.9.3 Thi

In some cas
different (s¢

taining documentation

asurement uncertdinties, materials, verification and validation studies, and oper
shall be maintained in the manufacturer’s technical file at least for the life of the IVD ]

d party manufacturers of IVD MD calibrators

es, manufacturers of [IVD MDs specify end-user [VD MD calibrators manufactured
bcofid ' or independent) manufacturer. Such independent (third party) manufacture

d for

ment
1ated
ating
VD.

by a
s of

IVD MD cal

brators shall maintain the technical file supporting claims of metrological traceabil

ty of

assigned values for each measurand claimed in the intended use statement for such applicable IVD MD
calibrator(s). Similarly, any manufacturer of an IVD MD calibrator who sells a calibrator intended for
use with “other” (third party) IVD MDs (with or without collaboration with the manufacturer of the
IVD MD measuring system) is responsible for fulfilment of all documentation requirements defined in
this document.

4.9.4 Modifications introduced by independent entities

If modifications to an IVD MD are defined and implemented by a medical laboratory or other
independent entity, third party or person who is not the original manufacturer of the IVD MD, full
description and re-validation of the calibration hierarchy underlying the reported values for human
samples when examined with the modified IVD MD shall be the responsibility of the entity(s) that
specified and implemented the modifications.
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4.9.5 (Calibration hierarchies supporting IVD MDs developed by a single entity for its own use

In the case of an IVD MD developed by a single entity for its own use, the developing and/or implementing
entity shall be responsible for validating and describing the full calibration hierarchy down to and
including the results for human samples.

4.9.6 RMs other than end-user IVD MD calibrators

For RMs other than end-user IVD MD calibrators (e.g. [IVD MD trueness control materials, 3.46), the RM
manufacturer shall be responsible for validating and describing the calibration hierarchy that is the
basis for any measurand values assigned to such RMs and for documenting the status of the material’s
cominutability with human samples (if applicable] when used with any intended MPs,ifcluding any
IVD MDs. Combined standard measurement uncertainty of assigned values for these Kinds of RMs for
IVD MDs (that are not IVD MD calibrators) shall be estimated by the manufacturer andproyided to end-
user$ on request.

4.9.7 EQA and PT materials with claims of metrologically traceable target values

The manufacturer of a commutable trueness-based (see 3.46) EQA and /o5 PT material with|an assigned
valug(s) claimed to be metrologically traceable to higher order references (for one or more njeasurands),
shall|define, describe and validate the relevant calibration hierarchy-supporting the assign¢d values for
each|stated measurand. Where claimed by the producer, commiitability of such EQA or BT materials
shalllbe demonstrated according to published recommendations (see CLSI EP30-A and [35]-[37]) for
representative IVD MDs widely used by end-user medical\laboratories. The assigned valfies for each
meagurand and the estimated u_, values shall be determiited and provided to end-users ugon request.

5 Model calibration hierarchies for metrological traceability

5.1 | Elements of the description of a calibration hierarchy

Califration hierarchies for IVD MDs shall'be described in the manufacturer’s technical documentation.
A description of a calibration hierarchy shall include the following elements:

a) adefinition of the measurand:

b) 3 description of the seqiiénce of calibration and measurement steps, each of which ¢onsists of a
MP and a calibrator,where the “unknown” sample(s) being measured at each step in the hierarchy
except for the fimal\step) functions in turn as the calibrator(s) for the next/subsequent|step (a MP).

c) an estimate<ef-Uncertainty of assigned values of the measurand in RMs (IVD MD |calibrators)
eployed.at'the lowest level in the calibration hierarchy (typically with an IVD MD), sol|as to enable
nd-usersestimation of the combined standard uncertainty of reported values in the intended
amples(e.g., human samples, EQA materials, or other calibrators).

NOTH 1 The six generic model calibration hierarchies described f':. 2 ta 8.7 7] are hierarchied that can be
implemented by IVD manufacturers to support metrologically traceable calibrations for various measurands. In
these models, “trueness” from the first (highest order) calibration material and/or MP is carried through to the
very last material being measured (human samples) at the final measurement step of the sequence (usually an
IVD MD).

NOTE 2  The model calibration hierarchies described are representative of current state of the art and widely
available technologies, and are applicable to particular classes of measurands, depending on availability of
higher order references. The models presented are not intended to be inclusive of all possibilities and do not
exclude other possibilities; additional models can be described to support particular measurands and/or new
technologies.
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NOTE3  The number of levels (i.e. pairs of MPs and calibrators) applied in a calibration hierarchy for a given

measurand is

the responsibility of the parties implementing the calibration hierarchy, provided that the highest

order available elements (e.g., RMs and/or RMPs) remain embedded in the final hierarchy. The final choice of the
particular metrological levels to be included in a given calibration hierarchy depends on chemical characteristics
of the measurand, target uncertainty of measurement for the end result, and availability of MPs, calibrators, and
other relevant technology (e.g. information technology).

5.2 Cases with RMPs and primary RMs

5.2.1 General considerations

A model cal

bration hierarchy for measurands supported with available RMPs and primary RMs,|with

full metrological traceability to the SI is described in Figure 1. The characteristics to be addfessed in

the description of these types of calibration hierarchies are elaborated in 5.2.2 to 5.2.13.

32
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material measurement procedure
p-1. fit for purpose measurement procedure(s) for
purity assessment or identity of pure substances,
%ru, . m.1.certified primary reference / e.g- GNMR, mass balance, gene sequencing
ref material [CRM] - ISO 15194 conforming
p.2. primary reference measurement procedure for
/ calibrator, e.g. gravimetric preparation,
m.2. primary calibrator - prepared as enumeration/counting
solution of m.1 in suitable solvent ~_
It p.3. reference measurement proc@e - for
/ the measurand (ISO 15193 co ing)
m.3. secondary (commutable) calibrator/CRM -
(ISO 15194 conforming), or other .
commutable reference samples e.g. panels A '\ :
and/or pools of human samples T~ bt manufacturer’s &beted
/ measurement pmze\lure
m.4. manufacturer’s working e \‘%
calibrator (master calibrator(s)) |~ , 2 s@Nifacturer’s standing
surement procedure
b m.5. end-user IVD MD / v
%ru : )
cal calibrator (various lots) \
‘\\} p.6. end-user IVD MD
Y%ru(y)° o2
(Y) m.6. human sample with result \x»
N
N
O

a Relative percent standard uncertainty&@%lue assigned to the primary RM [m.1].

b VD MD calibrator [m.5] value assig@ent relative percent combined uncertainty, according to

he following formula: @ :
Yorttgy = V(Yru e + %ré@p

vhere %rug,,., 5, %rUp,-p 37-€tc., represent the percent relative standard uncertainties for each

hpplicable MP in the G;Qation hierarchy.

¢ Relative percent ; ined standard measurement uncertainty for reported values of the

0 2 0 2 0 2
2t Yoru Rw-p.3 + %ru Rw-p.4+ Yoru Rw-p.S)

measurand wi e end-user IVD MD, calculated per the following equation:

Yoru(y, Vt%ruzca] + %ru?gy,.p.6)

where 9@1 Rw-p.6 1S the relative percent standard uncertainty of the IVD MD based on long-term
bre %ﬁ (repeatability conditions of measurement).

Figure 1 — Calibration hierarchy — Full metrological traceability to SI

5.2.2 Definition of the measurand

Definition of the measurand shall include the SI unit of measurement, whether base or derived quantity,
to which metrological traceability shall refer.

EXAMPLE 1
1) base quantities: mole, kilogram;

2) derived quantities: mole per cubic metre (= millimole per litre), gram per kilogram.
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NOTE1 The measured quantity at different steps in the calibration hierarchy is subject to change as the
material being measured changes. Changes to the measured quantity often lead to different SI reporting units.

EXAMPLE 2  In a mass balance measurement for purity assessment of a certified primary RM for cortisol, the
mass fraction of impurities (the measured quantity in this case) is determined rather than the mass fraction
of cortisol, and the purity of the material is stated as a mass fraction, using the unit g/kg. For other RMs used
at lower levels in the calibration hierarchy of an IVD MD for cortisol, such as secondary RMs (e.g. CRMs) or
manufacturer's working calibrators, the amount-of-substance concentration of cortisol (in serum or other body

fluid) is measured and measurement results are expressed with the appropriate SI units (umol/L).

EXAMPLE 3

For complex measurands such as specific proteins in human blood serum (e.g. albumin), the
measured quantity in a calibration hierarchy at the highest level is often the purity of the intact protein

(e.g. mass fr
of-substance
measured qu

ctiom, g g At othertower tevetstrthecatibratiomrhterarchy; threreasurad-tsofterr tihrean
concentration of specific epitopes or peptides derived from the protein of interest. In such-cas
antity is different at different levels in the hierarchy, and the assigned values for various RMs a

ount-
bs the
cross

the hierarchy will be expressed in different SI units.

NOTE 2  Sqme measureable quantities cannot be expressed in terms of the seven base quaritities of the {I, but
have the nature of a count[38l. Examples are a number (i.e. a count) of specified molecules, @ number of spefified
cellular or bigmolecular entities (e.g. number of copies of a particular nucleic acid sequenee ornumber of spefrified
lipoprotein pprticles). A full description of the quantity being counted is essential.

EXAMPLE 4 | Number of CD4 cells per unit volumel40],

EXAMPLE 5 | Number of copies of a defined KRAS nucleic acid sequence per unit volumel41l,

NOTE 3  Fqrmal traceability to the SI for counts is established through appropriate, validated counting MPs

(see ISO 2039

5.2.3 Seld

Primary RM
measureme
to an SI uni
primary RM
calibrators.
significantly

NOTE Cd
description
measuremen

EXAMPLE 1
are flow cyto

EXAMPLE 2

microscopy and FCM£0][42],

1,150 20395 and [38], [42]).

cting RMPs

ht demonstrated to have fit for purposé performance, providing metrological tracea

P can exist at a given time for assighing values for quantities of a given kind to pri
The values obtained by two or'more primary RMPs for a given measurand shall n
r different within a stated ungertainty at a certain level of confidence.

unting (enumeration-baseéd)”MPs can form the basis of a primary RMP subject to a de
f the measurand, establishment of selectivity and completeness of count and a statemgd
f uncertainty

metric counting (F*CM) and digital polymerase chain reaction (dPCR)[411(43],

Two coéunting MPs for cell number concentration not requiring a calibration standar

5.2.4 Primary RMPs

[Ps and other fit for purpose MPs (see Figure 1, p.1, p.2) shall be based on principles of

hility

L of measurement with the smallest.achievable measurement uncertainty. More than one

mary
bt be

ailed
nt of

Two counting’MPs for DNA copy number concentration that do not require a calibration stafdard

1 are

A selected primary RM (see Figure 1, m.1) shall be the best available realization (embodiment) of
the unit of measurement with the smallest achievable relative standard measurement uncertainty
(denoted by the abbreviation %ru,. in Figure 1.) The primary RM shall have its value assigned either
directly by a primary RMP or by a fit for purpose MP for identity and/or purity assessment of pure
substances, e.g. qNMR, mass balance, gene sequencing[381[32], The value assignment and documentation
for a primary RM shall conform to ISO 15194.

NOTE The primary RM (see Figure 1, m.1) usually is highly purified, containing a physico-chemically well-
defined analyte, evaluated for stability, compositional integrity, and accompanied by a certificate (i.e. a CRM).
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EXAMPLE1 B-D-Glucose as SRM 917b1) from NIST; the mass fraction of B-D-Glucose in the material is
997,0 mg/g, with an expanded measurement uncertainty of 0,2 mg/g. (The measurand is the mass fraction of
B-D-glucose in crystalline glucose material expressed in mg/g).

EXAMPLE 2 Cholesterol as SRM 911bY) from NIST; mass fraction 0,998 + 0,001 where the purity and estimated
uncertainty is based upon scientific judgment and evaluation of numerous analytical tests applied to this CRM in
the certification process. The uncertainty given approximates two standard deviations about the certified value.
(The expanded uncertainty is 0,001 with a coverage factor k = 2, giving a level of confidence of approximately 0,95).

5.2.5 Primary calibrators

A primary calibrator (see Figure 1, m.2) shall be prepared from a primary reference materjal [m.1] and
valug¢-assigned using a primary RMP (see Figure 1, p.2).

NOTH Frequently the primary RMP is gravimetry, with the dissolution of a measured(mass of the primary
RM ifp a measured mass of an appropriate solvent.

EXANPLE A primary calibrator for uric acid can be prepared by gravimetric.dissolution intp a solvent of
a CRM of pure uric acid, e.g. SRM 913b2), value assigned by NIST, with a certified walue of the mafs fraction of
uric gcid in the pure material of 0,998 kg/kg, with an expanded uncertainty (lével of confidence 9p %, k = 2) of
0,004 kg/kg.

5.2.4 Assigning a value to a secondary RM or calibrator

An appropriate RMP (see Figure 1, p.3) for the measurand shall be used to assign a value toja secondary
calibrator or secondary RM (see Figure 1, m.3) with a complex matrix. For the documentation of the
RMP|(see Figure 1, p.3) for the measurand, the requirements of ISO 15193 shall apply.

NOTHE 2  In cases where there is more than one RMP, or multiple reference laboratories capable of performing
the spme MP for the measurand, EQA programs such@s[FCC External Quality Assessment Scheme for Reference
(califration) Laboratories in Laboratory Medicinel#4] can provide helpful information regarding equivalence
amor]g different RMPs and different reference laboratories.

5.2.7 Commutability of secondary RMs

The kecondary calibrators or setondary RM (see Figure 1, m.3) shall be commutable yith human
samples as determined in commutability assessment studies.

NOTH See CLSI EP30-A@and other published recommendations[3¢1-[38] for conducting commutability studies.

EXANPLE NIST SRM\967al) creatinine in frozen human serum, two separate vials with certified values of
0,074 9 mmol/L and 0,342 7 mmol/L, is an example of a commutable reference material appropriafe for use as a
secorjdary calibrator-(See Figure 1, m.3). The measurand is the amount of substance concentration|of creatinine
in frqzen human serum expressed in mmol/L. The certified concentration values for each level of|this material
are bpsed on isetope dilution liquid chromatography/mass spectrometry (ID LC/MS).

5.2.8 ~Manufacturer’s Selected MP

The manufacturer's selected MP (see Figure 1, p.4) shall comprise a measuring system that is calibrated
by one or more (commutable) calibrators or RMs (see Figure 1, m.3), when available.

EXAMPLE For the concentration of cortisol in blood plasma, isotope dilution-gas chromatography-mass
spectrometry (ID-GC/MS) can be a selected MP.

5.2.9 Working calibrators

The manufacturer's working calibrator (see Figure 1, m.4) shall have its value assigned according to the
manufacturer's selected MP (see Figure 1, p.4), or (depending on commutability characteristics of the
working calibrator), according to the RMP (see Figure 1, p.3). The secondary (working) calibrators (see

1) This RM is an example of a suitable product available commercially. This information is given solely for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Figure 1, m.4) shall be commutable with human samples as determined in commutability assessment
studies (see 4.5.5) comparing the manufacturer’s selected MP (see Figure 1, p.4) and the manufacturer’s
standing MP (see Figure 1, p.5), or comparing the RMP (see Figure 1, p.3) and the manufacturer’s
standing MP (see Figure 1, p.5) if steps (see Figure 1, m.3) and (see Figure 1, p.4) are omitted from the
calibration hierarchy.

NOTE 1
master calibrator

The manufacturer’s working calibrator (see Figure 1, m.4) is sometimes called "manufacturer’s
" "in-house calibrator” or “master calibrator lot.”

NOTE 2 A manufacturer's working calibrator is usually a material with a matrix resembling that of the human
samples intended to be measured by the end-users' [VD MD.

NOTE 3  Mhpnufacturers often use panels of clinical samples or a series of pools of human clinical samplgs for

working calibrators.

5.2.10 Manufacturer’s standing MP

more
d for

The manufacturer's standing MP (see Figure 1, p.5) shall define a MP that is calibrated by one or
of the manuffacturer's working calibrators or other commutable matrix calibraters and is validatg
analytical s¢lectivity.

5.2.11 MaalLufacturer's end-user calibrator

The manufacturer's end-user calibrator (see Figure 1, m.5.) shall have'its value assigned accordi
the manufagturer's standing MP (see Figure 1, p.5) or the manufacturer’s selected MP (see Figu
p.4) and is intended for calibration of the end-user's IVD MD (see Figure 1, p.6).

5.2.12 ug, pfthe assigned value of the end-user calibrator

The u, of 4
manufactur
(uges) of the
of the subse

he assigned value of the end-user calibrater (see Figure 1, m.5) shall be estimated b
br (see 4.7), incorporating all appropriate’higher order uncertainties such as the uncert
assigned value of the primary RM (seeFigure 1, m.1) in addition to the uncertainties of]
quent MPs in the calibration hierarchy down to and including the manufacturer’s staf]

MP (see Figuire 1, p.5).

5.2.13 End

The end-use
end-user ca
used to exar
standard mg¢
account all
hierarchy.

5.3 Caseq

-user IVD MD

r IVD MD (see Figure 1, p.6) shall describe a measuring system calibrated by one or

ibrators. This MPxthe final MP in the calibration hierarchy for the defined measurat
nine human samples and generate final measured values for the measurand, with com}
Pasurement aneeértainties of the reported values to be estimated by the end-user, taking
known measurement uncertainties accrued at each higher step in the defined calibr

y the
hinty
each
1ding

more
nd, is
ined
rinto
htion

with a primary RMP that defines the measurand

5.3.1 General Considerations

A model calibration hierarchy for measurands with a primary RMP that defines the measurand, (with
metrological traceability to SI) is described in Figure 2. For these types of measurands, there are no
certified primary RMs available. In such cases, as exemplified by calibration hierarchies for some
measureable quantities for catalytic activity concentration of enzymes measured in human serum (or
other body fluids), metrological traceability to SI is based on well-defined and internationally agreed
RMPs. The characteristics to be addressed in the description of these calibration hierarchies are
elaborated in 5.3.2 to 5.3.11.

NOTE Certain blood coagulation factors are also examined by measurement of their catalytic activity
concentration in blood or blood plasma, e.g. Factor VIII42],
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material measurement procedure

p.1. set of fit for purpose primary measurement procedures, e.g.
purity assessment, gravimetry, counting, thermometry, volumetry,
m.1. certified primary reference spectrophotometry, potentiometry, time, length, applied to primary
material (N/A) reference measurement procedure [p.3] apparatus and reagents for
assurance of critical measurement factors

p.2. primary reference measurement procedure

m.2. primary calibrator (N/A) S ——

TT-3TSecomdary - feommutabted Pr3-praEy & MWMEﬁning the
calibrator/CRM (ISO 15194 / measurand full SI traceability (e.g. mternat]o@r agreed RMP
conforming), or other commutable for catalytic activity concentration; ISO 158\ ijforming)
reference samples e.g. panels and/or (1/

pools of human samples °

%rum.3a

p-4. manufacturer’s select

/ measurement procedurf\

m.4. manufacturer’s working
calibrator (master calibrator(s))

p.5. manufact @tandmg
measureme ocedure
m.5. end-user IVD MD

(%)rucalb calibrator (various lots) /10

Ré:gnd-user IVD MD
%ru(y)© m.6. human sample with <

oruty result $’\\.Q
N
xO

a Relative percent combined value asmi nt uncertainty of the [m.3] reference material,
calculated according to the follow1n€))

%ru,, 3 = V( %ruc?, 1 + %ru@‘m)

where O

Yru 2 is the rgligzé percent combined standard measurement uncertainty for the [p.1]

mula:

1
’ high er MPs with relation to e.g. thermometry, volumetry, spectrophotomefry,
&y e, length, etc
YOrUpy-p.3 he relative percent standard deviation (CV%) for MP [p.3] under repeatability conditions.
b Relative th combined value assignment uncertainty of the IVD MD calibrator [m.5]
calcula IQ:cordmg to the following formula:
%\r 1 = V(%ru2, 5 + %oruZpy,.p 4 + %orulpy, o 5)

where %ru o, A %rug.,, ssrepresent the percent relative standard uncertainties for each applicable MP

in the calibration hierarchy.
¢ Relative percent combined standard measurement uncertainty for reported values of the measurand
with the end-user IVD MD, calculated per the following formula:
%ru(y) = \/(%ruzcal + %rquw-p.é)
where %ru?p,,., ¢ is the relative percent standard uncertainty of the IVD MD based on long-term
precision (repeatability conditions of measurement).

Figure 2 — Calibration hierarchy — Measurand defined by a RMP, but no primary RM for the
quantity; traceable to SI. Materials [m.1] and [m.2], and MP [p.2] are not applicable (N/A)
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5.3.2 Definition of the measurand

Definition of the measurand shall include the SI unit of measurement, whether base or derived unit, to
which metrological traceability shall refer.

EXAMPLE

NOTE 1

For catalytic concentration of enzymes, the relevant derived quantities include: mole per second
per cubic metre (= mol s~ m3), katal per litre (= kat L1).

second) divided by volume of (original) system sampled in cubic metres.

NOTE 2

The kind-of-quantity ‘catalytic concentration’ is catalytic activity of component in katal (or mole per

In laboratory medicine, the denominator can be chosen to be "litre", giving the non-coherent derived

unit "katal pd

NOTE 3
"internationd
Consequently

5.3.3 Hig]

The higher
with a meas
p-1), such ag
applicable.

NOTE Aj
calibrator re
measuring sy

5.3.4 The

For a measu
is an integrs
shall be spe
from the me
perform the

NOTE R4
if the enzym
described on
the specified
hierarchy, th

EXAMPLE

5.3.5 Dod

TIitre ", Symbolized = kKat It = Rat/L=mol 5 T It = (mol/sJ/T-

Another, non-coherent unit used is based on the unit for catalytic activity "enzyme\uhif

1 unit"), symbolized U, with the conversion formula, 1 U = 1 ymol min! = 16,667 |x 10~
, 1 U/L = 16,667 x 10~9 kat/L. The unit of measurement is independent of the MP.

her order RMP that defines the measurand

prder (primary) RMP that defines the measurand (see Figure 2,p’3) shall be perfo
uring system(s) calibrated according to various fit for purpose ptimary RMPs (see Figy
gravimetry, thermometry, volumetry, spectrophotometry, potentiometry, time, lengt

defined by the Consultative Committee for Amount of Substance (CCQM), cases with no pri
uire a set of primary methods of measurement (see Figure 2, p.1) to be directly applied
stem, to enable Sl-traceable standardization of the primiary RMP Figure 2, [p.3].

primary RMP and definition of the measurand

rand that is the catalytic concentration‘of an enzyme, the primary RMP (see Figure 2
| part of the definition of the measurand. Accordingly, the primary RMP (see Figure 2
rified in sufficient detail regardingequipment, reagents, reaction conditions and calcul
asured signal so that the RMP can’be reproduced in any qualified laboratory that inten
measurement.

sults of catalytic concentration measurements are only comparable among different laboraf
b activities are measuped under the same conditions. Therefore, an enzyme measurand cantj
y by kind-of-quantitg (¢-g. catalytic concentration), name of enzyme and of system, but also red
MP, especially the-indicator component of the measured reaction. At the top of the caliby
e primary RMP {s iiiternationally agreed.

'Creatine kinase measured by the conversion rate of NADP* according to the IFCC RMP'[46].

umentation of the primary RMP

The docume

” (Or
P kat.

‘med
ire 2,
h, as

ary
o the

p.-3)
p.3)
htion
ds to

ories
ot be
uires
ation

ntation for a hrimary RMP an]nynﬂ ina calibration hierarchv as described in Ficure
U e

Y, p.3

P J
(for example, for the catalytic concentration of an enzyme in a body fluid) shall meet the require

ments

of ISO 15193. In addition, the description of the primary RMP for the measurand (see Figure 2, p.3) shall
include the following information (if applicable):

a)
b)
‘)
d)
e)

38

kind of substrate and its concentration;
activators or inhibitors and their concentrations;
direction of catalysed reaction;

indicator reaction;

buffer system and pH;
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f) volume fraction of sample;

g) volume fraction of start reagent solution;
h) measurement temperature;

i) incubation time;

j) reagentblank;

k) material used for starting the reaction;

) qetaytine;

m) Ineasurement interval;

n) easurement wavelength;
o) ¢ptical bandwidth;

p) optical path length;

q) kind of regression line for analysis of data points.

5.3.4 Assignment of values to secondary RMs

The primary RMP for the measurand (see Figure 2, p.3) shall be used to assign a value to p secondary
calibator or secondary RM (see Figure 2, m.3) with a complex matrix.

NOTH Such secondary RMs or calibrators (see Figlire 2, m.3) often have a matrix resembling the human
samplles intended to be measured by the end-users' ¥@utine MPs, to improve the likelihood that these materials
will e commutable with human samples when used'in lower order MPs in the calibration hierarg¢hy. Panels or
pooldq of human samples are a type of secondary'RM applicable in this context (see Figure 2, m.3), lepending on
biochemical characteristics (e.g. stability) of the particular enzyme measurand.

EXANPLE ERM-AD457/IFCC2, from_the European Commission Joint Research Centre Dirgctorate F —
Health, Consumers and RMs, is certifiéd for catalytic activity concentration of aspartate aminotrgnsferase and
listed with JCTLMI28], Commutability:studies[4Z] demonstrated that this material performed equivalent to human
serurh samples in 5 of 11 comparisons with the RMP using available [VD MDs.

5.3.7 Manufacturer’'sselected MP

A mgnufacturer's selected MP (see Figure 2, p.4) shall define a MP that is calibrated by ¢ne or more
secondary RMs_oer-secondary calibrators (see Figure 2, m.3), and is used to assign values to the
manfifacturer’s,working calibrator(s) (see Figure 2, m.4).

NOTH The secondary RMs (see Figure 2, m.3) have certified values with associated uncertaiities, and are
value-assigned by a calibration laboratory using a fit-for-purpose primary RMP.

5.3.8 Manufacturer's working calibrator

The manufacturer's working calibrator (see Figure 2, m.4) shall have values assigned according to the
manufacturer's selected MP (see Figure 2, p.4) or (depending on the commutability characteristics of the
working calibrator) according to a primary RMP (see Figure 2, p.3) for the measurand. The secondary
(working) calibrators (see Figure 2, m.4) shall be commutable with human samples as determined in
commutability assessment studies (see 4.5.5) comparing the manufacturer’s selected MP (see Figure 2,
p.4) and the manufacturer’s standing MP (see Figure 2, p.5), or comparing the RMP (see Figure 2, p.3)
and the manufacturer’s standing MP [see Figure 2, p.5) if steps (see Figure 2, m.3) and (see Figure 2,
p.4) are omitted from the calibration hierarchy.
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5.3.9 Manufacturer’s standing MP

The manufacturer’s standing MP (see Figure 2, p.5) shall define a MP calibrated by one or more of the
manufacturer’s working calibrators (see Figure 2, m.4) or higher types of calibrators and is validated
for analytical selectivity.

5.3.10 Manufacturer's end-user calibrator

The manufacturer's end-user calibrator (see Figure 2, m.5) shall have its value assigned according to
the manufacturer's standing MP (see Figure 2, p.5) and is intended for calibration of the end-user's
IVD MD. The u_, of the assigned value of the end-user calibrator (see Figure 2, m.5) shall be estimated
by the maniifacturer (see 4.7), incorporating all appropriate higher order uncertainties in additi

the uncerta
manufactur

5.3.11 End

The end-usd
end-user ca
used to exaj
standard m¢
account all
hierarchy.

5.4 Caseq
calibrator

5.4.1 General considerations

Calibration

primary cal
quantity th4
entire moleq
in the descr

br’s standing MP (see Figure 2, p.5).

-user IVD MD

r IVD MD (see Figure 2, p.6) shall describe a measuring system calibrated by one or
ibrators. This MP, the final MP in the calibration hierarchy for the-defined measurat
hine human samples and generate final measured values for the measurand, with com}
pasurement uncertainties of the reported values to be estimated-by the end-user, taking
known measurement uncertainties accrued at each higher-Step in the defined calibr

for measurands defined by a RMP calibrated with a particular primary

hierarchies for measurands that are defined by a RMP that is calibrated with a parti
brator (with traceability to SI) are@escribed in Figure 3. In such cases, the RMP detg
t is a component of the measurangd (e.g. a peptide fragment or an epitope), rather tha
ular structure of the quantity intended to be measured. The characteristics to be addrg
ption of these calibration hierarchies are elaborated in 5.4.2 to 5.4.10.

n to
nties of each of the subsequent MPs in the calibration hierarchy down to and includinE the

more
nd, is
ined
rinto
htion

rular
ctsa
n the
ssed
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material measurement procedure

p.1. fit for purpose measurement procedure(s) for
purity assessment or identity of pure substances, e.g.
qNMR, mass balance, gene sequencing

% a m.1. certified primary reference material
OF U e [CRM] - ISO 15194 conforming

p.2. primary reference measurement procedure
for calibrator, e.g. gravimetric preparation,
enumeration/counting

m.2. primary calibrator - prepared as solution
of m.1 in suitable solvent

p-3.1S015193 conforming reference
measurement procedure requiring a particular
T ilucu_y cattbrator [111.2], atmre-which defines the

measurand
—
Qv

Rk NJ
p-4. manufacturer’s {e%cted
measurement P! ure.

AR

N
p-5.m acturer’s standing
measur ent procedure

\J
S

p.6. end-user IVD MD

2. =i L Lla) Ll 'y LDML
H3—secondar y{eomm wtable}-ealibrator

VATA!

(ISO 15194 conforming), or other commutable
reference samples e.g. panels and/or pools of
human samples

\/

m.4. manufacturer’s working calibrator
(master calibrator(s))

o b m.5. end-user IVD MD calibrator
JorU g, (various lots)

7N

%ru(y)* | m.6. human sample with result

N
\\QQ)

o

a Relative percent standard uncertainty of Valy@ assigned to the primary RM [m.1].
b [VD MD calibrator [m.5] value assignme%re ative percent combined uncertainty, according to
the following formula: N
%oru y = V(%ru2, o + Y%orulp,, . 5 +C'}

-

YoruZp .3 + WrUZgy,.p 4+ %rU? gy )

where %rug,,.p, 2 %rUpy.p.3 present the percent relative standard uncertainties for each applicable MP

in the calibration hierarch@

¢ Relative percent combi@i‘standard measurement uncertainty for reported values of the measufand

with the end-user D, calculated per the following formula:
Yoru(y) = VIIH car + ripay.p.6)

where %ru ¢ Is the relative percent standard uncertainty of the IVD MD based on long-term|

precisiog@peatability conditions of measurement).

Fig ué% — Calibration hierarchy — Measurand defined by a RMP calibrated with a particular

- 1=l 4= g 1} ' Vel
prinmary catibrator; traceable to St

5.4.2 Definition of the measurand

Due to its selectivity for a particular epitope or molecular structure that is part of the measurand, a
higher order RMP (see Figure 3, p.3) that is calibrated with a particular primary calibrator (see Figure 3,
m.2) shall define the measurand.

EXAMPLE In the IFCC reference measurement system for hemoglobin Alc (HbA1c), the measurand is defined
as the molar fraction of beta chains of haemoglobin A1 with glycation at the N-terminal valine or epsilon-amino
acid residues (HbA1c) relative to the non-glycated fraction of beta chain haemoglobin A (HbAO), in whole blood.
The analyte is defined as hemoglobin (Hb) that is irreversibly glycated at one or both N-terminal valines and
epsilon-amino acids of the beta chains.
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5.4.3 Value assignment of the primary RM

The primary RM (see Figure 3, m.1) shall be value assigned by one or more MPs (for confirmation of
identity and determination of purity of the pure substances) (see Figure 3, p.1). The MPs selected shall
be ones with performance characteristics to help ensure the smallest relative achievable standard
measurement uncertainty (denoted by the abbreviation %ru,.;in Figure 3) for the assigned value of the
primary RM.

5.4.4 Value assignment of the primary calibrator

The primary calibrator (see Figure 3, m.2) shall be value assigned by one or more primary RMPs

(e.g. gravim
preparation
definition of

EXAMPLE 1
the primary
of pure HbA1

characterizedl using capillary isoelectric focusing and electrospray ionization mass spe¢tfiometryl48],

EXAMPLE 2

on the oligon
monopeptide
the oligomer
in the primar

5.4.5 Selg
The RMP (s

defines the mneasurand) shall be used to assign a value toa secondary calibrator or secondary RM w

complex ma
be commuta
as well as in|
assigning va

EXAMPLE

available (se{
beta-chain. K
N-terminal p
or capillary ¢

5.4.6 Manufacturer'sselected MP

The manufa
one or more
trueness to

and value assignment of the primary calibrator (see Figure 3, m.2) are critical t
the measurand, in conjunction with the RMP (see Figure 3, p.3).

In the IFCC reference measurement system for hemoglobin Alc (HbA1c), for valtie assignm
alibrator (see Figure 3, m.2) for use in calibration of the RMP (see Figure 3, p.3}) mixtures are
c and pure HbAO, which have been isolated using cation exchange and affinity'chromatograph

Quantitative measurement of C-reactive protein (CRP) by homogenous immunoassay is depe
eric state of the analytel31]. A conventional reference method based dn'the detection of CRP-de
would be blind regarding the oligomeric state of CRP. To rule outbias as a function of differen
c state of the protein in the RM compared to the intended human/samples, the fraction of mon
y RM and the calibrator are independently determined.

ction and intended use of the RMP in the calibration hierarchy

e Figure 3, p.3) (which, when calibrated with the primary calibrator [see Figure 3,

trix (see Figure 3, m.3). The secondary_calibrator or secondary RM (see Figure 3, m.3)
ble with human samples in both the(initial MP (see Figure 3, p.3) used to assign its
the subsequent MP (see Figure 3;pi4), where it is to be used as a calibrator for purpos
lues to the manufacturer’s working calibrator(s) (see Figure 3, m.4).

In the IFCC reference measurément procedure for haemoglobin Alc (HbA1c), there are two
e Figure 3, p.3) that selectively measure the glycated n-terminal residue of the haemoglobin|
b is then cleaved into_peptides by a proteolytic enzyme. The specific glycated and non-gly

lectrophoresis/421[5Qk;

cturer's'selected MP (see Figure 3, p.4) shall define a measuring system that is calibrat
secondary calibrators or secondary RM (see Figure 3, m.3). Its main purpose is to tra

in part becausett

NOTE

etry) (see Figure 3, p.2). The choice of primary RM (see Figure 3, m.1), in additipn to

the

bnt of
made
y, and

hdent
rived
Ces in
omer

m.2]
rith a
shall
ralue
es of

RMPs
(Hb)
cated

bptides of the Hb beta-¢hain are measured by HPLC separation followed by either mass spectrometry

bd by
hsfer
bcted

'he manufacturer’s working calibrator (see Figure 3, m.4). As such, this MP shall be sel¢

1S.

Such secondary RMs or secondary calibrators will generally have a matrix resembling the human

samples intended to be measured by the end-user [VD MD, to improve the likelihood that these RM(s) will be
commutable with human samples, helping to ensure their suitability for use with the MPs that they are intended
to calibrate (i.e. [Figure 3, p.4 and/or p.5].)

5.4.7 Manufacturer’s working calibrator

The manufacturer's working calibrator (see Figure 3, m.4) shall have its value assigned according to
the manufacturer's selected MP (see Figure 3, p.4). The calibration material (see Figure 3, m.4) shall
have demonstrated commutability with the intended human samples, to help ensure its suitability for
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use with the manufacturer's selected MP (see Figure 3, p.4) and the procedure to be calibrated, i.e. the
manufacturer’s standing MP (see Figure 3, p.5).

NOTE

A manufacturer's working calibrator is often a material with a matrix resembling the intended human

samples to be used with the end-user IVD MD, such as a panel or a series of pools of human samples.

5.4.8 Manufacturer’s standing MP

The manufacturer's standing MP (see Figure 3, p.5) shall define a MP calibrated by one or more of the
manufacturer's working calibrators (see Figure 3, m.4) or higher types of calibrator and is validated for
analytical selectivity.
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