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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.

The procddures used to develop this document and those intended for its further maintenanceyare
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document mayybe the subjecf of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Trdde Organization (WTO) principles in the TechnicalkBarriers to Trade (TBT), see www.liso
.org/iso/fpreword.html.

This document was prepared by Technical CommitteesISO/TC 212, Clinical laboratory testing and in
vitro diagnostic test systems.

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

Improved standardization and harmonization of medical laboratory practices worldwide benefits
society as patients and healthcare professionals increasingly move within and between healthcare
services in the global economy. To help achieve the objective of improved standardization among
medical laboratories, ISO 15189 focuses on the application of the quality systems approach in the
medical laboratory. Since the first version of ISO 15189 was published in 2003, this international
standard has been increasingly adopted worldwide as a desirable (and in some cases mandatory)
quality system standard for medical laboratories.

Tolensure that measurement results are useful and safe in medical practice and to permitCmeaningful
comparison with medical decision limits and previous results of the same kind in the same individual,
mgdicallaboratoriesrequire estimates for the overall variability in values reported by thieir megsurement
procedures. To achieve this, SO 15189:2012, 5.5.1.4, requires that “...(medical laboratorigs)... shall
defermine measurement uncertainty for each measurement procedure in the examination phase used
to report measured quantity values on patients’ samples.” Additionally, “Upon request, the laboratory
shall make its estimates of measurement uncertainty available to laborator{users.”

Fol medical laboratories and healthcare providers, measurement uncefttainty (MU) estimates:
—| indicate that multiple values are possible for a given measurenient;

—| provide evidence that the term ‘true value’ of a quantity issatheoretical concept;
— | quantify the quality of a result relative to its suitability for use in making medical decisigns;
—| assume that known medically significant bias is eliminated;
—| assistin identifying technical steps to reduce\MU;

—| allow combination with other sources of-uhcertainty;

—| can be used to determine if medically allowable analytical performance specificatiops can be
achieved;

— | supportinterpretation of patient results close to medical decision limits.

Tol|enable fulfilment of the-rfequirement of ISO 15189 for estimation of MU, it is essential that medical
laHoratories be provided.with a coherent, standardized, and best practice approach to the tefminology,
principles and statistical’methods required for estimation of MU. Evaluation of measuremept data —
Gufde to the expression of uncertainty in measurement (GUM) JCGM 100:2008, a definitive|reference
on| the topic of MU; provides in-depth information regarding the mathematical and mdgtrological
siderations‘appropriate for a detailed estimation of elements to be considered in the estjmation of
MU for a broad range of measuring systems, across many disciplines in science and engirfeering. In
the¢ Scope;-GUM subclause 1.2, states that “This document is primarily concerned with the gxpression
of [ungertainty in the measurement of a well-defined physical quantity that can be defiped by an
esgentially unique value.” GUM, Scope subclause 1.4, goes on to say that “...(GUM) provides general rules
fo i i i i ited; y-specific
instructions. (GUM) ... does not discuss how the uncertainty of a particular measurement result, once
evaluated, may be used for different purposes, for example, to draw conclusions about the compatibility
of that result with other similar results, to establish tolerance limits in a manufacturing process, or
to decide if a certain course of action may be safely undertaken. Therefore, it may be necessary to
develop particular standards based on (GUM) that deal with the problems peculiar to specific fields of
measurement or with the various uses of quantitative expressions of uncertainty. These standards may
be simplified versions of (GUM) but should include the detail that is appropriate to the level of accuracy
and complexity of the measurements and uses addressed.”

This document is therefore concerned with practical approaches to estimation of MU, to be applied
in medical laboratory settings for the purpose of estimating MU of values produced by measurement
procedures intended to measure a broad range of biological measurands. The measurands of interest
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are subject to measurement for the purpose of providing medical diagnostic information to health care
practitioners and are typically present in complex biological fluid and tissue matrices. In contemporary
medical laboratory settings, the vast majority of these measurements are performed with commercial
devices, including automated instrumentation and packaged reagent kits. Characterization of the
performance of these measurement procedures in an end-user laboratory environment is typically
limited to the gathering of empirical performance data using surrogate quality control samples designed
to emulate the intended patient samples. Such data, commonly known as internal quality control (IQC)
data, may be appropriate for characterization of repeatability and long-term imprecision of a given
measurement procedure. Additional uncertainty information regarding higher order elements of the
calibration hierarchy for a given measurement procedure should be available from the manufacturer,

and shoul
top down
outlined i

[l be accounted for in the medical [aboratory’s process for estimation of MU. As such, a_G
approach is appropriate, and a particular application for use in medical laboratorieq
n Clause 6.
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Medical laboratories — Practical guidance for the
estimation of measurement uncertainty
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thd analyte (and “nrass” is the property.) In "amount of substance concentration of glucose in plasma",
thg analyte (and{amiount of substance concentration” is the property.)

[SOURCE: 1SO'18113-1:2009, modified]

No
dis

anplyte
Ey

rertainty (MU) of quantitative measurand values produced by medical laboratories, ‘Qy
asurand values produced near the medical decision threshold by point-of-care testing sy
0 included in this scope. This document also applies to the estimation of MU for results pr
hlitative (nominal) methods which include a measurement step. It is not recommended that
MU be routinely reported with patient test results, but should be available ontequest.

TE See Annex B for an example of application of the MU.

Normative references

ere are no normative references in this document.

Terms and definitions
" the purposes of this document, the following ters and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: availableat https://www.iso.org/obp

IEC Electropedia: available at http:/fwww.electropedia.org/

ponent represented in theyname of a measurand
Le 1 to entry: Constituent of a sample with a measurable property.

AMPLE In the-medsurand (measured quantity) "mass of total protein in 24-hour urine", "total

«

fe 2{t0 entry: JCGM 200:2012, 5.4, states that a primary measurement standard may be “..p

Rre—egsurement

antitative
stems are
bduced by
estimates

resses:

protein” is
glucose" is

epared by

s6lying a known amount of substance of a chemical component to a known volume of solution”.

3.2

calibration
operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with associated measurement uncertainties provided by measurement standards (calibrators)
and their corresponding indications and, in a second step, uses this relationship to establish a
measurement result from an indication (for an unknown sample).

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated MU.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration.

©lI
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Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE:
3.3

JCGM 200:2012, 2.39, modified]

calibrator
measurement standard used in calibration

[SOURCE:

JCGM 200:2012, 5.12]

Note 1 to entry: In this document, calibrator is synonymous with calibration material.

Note 2 to €
to a specifi

3.4

commutability of a reference material

ed measurement procedure.

property

among tlrle measurement results for a stated quantity in this material, obtainéd,according to t

measure
materials

Note 1 to g
usually roy

[SOURCE:

Note 2 to ¢
among all 4

Note 3 to ¢
reference 1

Note 4 to
particular

3.5
compone

constituent of a mixture the amounter concentration of which can be varied independently

[SOURCE:
Terminold

Note1toe

3.6
coverage
k

number 19

pf a reference material, demonstrated by the closeness of agreement betWween the relat

ent procedures, and the relation obtained among the measurement results for other specif

ntry: The reference material in question is usually a calibrator and thie other specified materials
tine samples.

JCGM 200:2012, 5.15]

ntry: It is typical that there are more than two measurement procedures available and compari
pplicable measurement procedures is desirable.

ntry: The requirement for the closeness of agreement shall be appropriate for the intended use of
naterial.

entry: The commutability statement is restricted to the measurement procedures as specified i
Comparison.

nt

gy (Gold Book) Version 2.3.3 2014-02-24, modified]

htry: See also analyte (3.1).

factor

rgerthan one by which a standard uncertainty value (u) is multiplied to obtain an expand

uncertaint

htry: A calibrator is a measurement standard used in the calibration of a measuring system accordling

on
WO
ed

are

bon

the

International Uniop~of“Pure and Applied Chemistry (IUPAC) Compendium of Chemifal

led

¥, (3.9)

Note 1 to entry: A coverage factor is usually symbolized k.

[SOURCE:

3.7
coverage

JCGM 200:2012, 2.38, modified]

interval

interval containing the set of true quantity values of a measurand with a stated probability, based on
the information available

Note 1 to entry: A coverage interval does not need to be centred on the chosen measured quantity value (see
JCGM 101:2008).
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Note 2 to entry: A coverage interval should not be termed “confidence interval” to avoid confusion with the
statistical concept (see GUM:1995, 6.2.2).

Note 3 to entry: A coverage interval can be derived from an expanded MU (see GUM:1995, 2.3.5).
[SOURCE: JCGM 200:2012, 2.36]

Note 4 to entry: The term ‘true’ is considered redundant by GUM. For this document the term ‘value of the
measurand’ is used.

3.8
pa | 1:L '
EIIE user—cattorator

enfd-user in vitro diagnostic medical device (IVD MD) calibrator
reference material used as a measurement standard (calibrator) intended for use with ong or more
mgasurement procedures intended to examine a particular measurand in human samplés

3.9
expanded measurement uncertainty
U
expanded uncertainty

(mpltiplication) product of a u by a (coverage) factor k larger than thenumber one

[SOURCE: JCGM 200:2012, 2.35, modified]
Note 1 to entry: A measured value x + [k x u(y)], with coverage factor k = 2, means that the laboratofy believes

(=95 % level of confidence) that the value of the measurand lies in the interval of values defined by the following
formula:

x+ [kxu(y)]

where
X is the measured value;
K is the coverage factor (usually 2 for'=95 % confidence);

u(y) isthestandard uncertainty ¢f a measured value, y.

3.10

external quality assessment
EQA
intlernational, national ‘or local program designed to provide regular, external, independent quality
asgessment of a medical laboratory’s analytical performance, and assist in detecting bias of reported
regults comparedto-Other laboratories.

Nofe 1 to entryiAlso known as Proficiency Testing (PT)[12-21],

Note 2 to-entry: EQA is the term used in this document.

3.1%
indication
quantity value provided by a measuring instrument or a measuring system

Note 1 to entry: An indication may be presented in visual or acoustic form or may be transferred to another
device. An indication is often given by the position of a pointer on the display for analog outputs, a displayed or
printed number for digital outputs, a code pattern for code outputs, or an assigned quantity value for material
measures.

[SOURCE: JCGM 200:2012, 4.1]
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3.12

intermediate precision condition of measurement

condition of measurement, out of a set of conditions that includes the same measurement procedure,
same location, and replicate measurements on the same or similar objects over an extended period of
time, but may include other conditions involving changes

Note 1 to entry: The changes can include new calibrations, calibrators, operators, and measuring systems.

Note 2 to entry: A specification for the conditions should contain the conditions changed and unchanged, to the
extent possible.

[SOURCE:|JCGM 200:2012, 2.22]

Note 3 to pntry: For this document, the term long-term precision (ug,,) is used to mean precision,daba fdr a
given meagurement procedure obtained over an extended period of time that at some point includes the effects
of all or mpst changes in measuring conditions, for example, consumable lot changes, re-calibrations, etc. Stich
changes should be defined for each measurement procedure [see 3.33 repeatability condition~of measuremgent
(JCGM 200{2012, 2.20); see 3.40 uncertainty component under conditions of within-laboratoty precision (ug,,)].

Note 4 to eptry: Changed conditions may include instrument maintenance where appropriate.

Note 5 to eptry: ug,, is often the major contributor to the combined standard uncertaihty of a measurement reqult
in the med|cal laboratory.

3.13
internal quality control
IQC
set of prdcedures and specified materials used by laboratory-staff for the repetitive monitoring of
analyticall performance of measuring systems

3.14
long-term precision

URw
see 3.12,3.40

Note 1 to eptry: Both the term ‘long-term precision’ and the symbol ug,, are used in this document when referfing
to an unceftainty estimate based on data gbserved under intermediate precision conditions of measurement.

3.15
maximurm allowable measurement uncertainty
target mgasurement uncertainty

maximum fit for purpose MU-for measurement results produced by a given measurement procedyre,
and specified as an upperlimit based on an evaluation of medical requirements

[SOURCE:|JCGM 200:2012, 2.34 and 4.26, modified]

Note 1 to pntry: JCGM 200:2012, 4.26, defines maximum permissible measurement error. In modern English
usage, the|difféerénce between the terms ‘allowed’ and ‘permitted’ is analogous to the difference between fhe
concepts df ¢elerance (allowed) and authorization (permitted). Authorization implies a statutory, mandated,
or legal requiTemMENt FOI TMOSt MEASUTAIAS 1T [aboTatory IMedicine there are o tegat Hmits of performmarnce,
therefore allowable is the preferred adjective in the context of this definition.

Note 2 to entry: The maximum allowable MU is considered to represent fit-for-purpose performance based on
use of a measurement result for a medical decision.

3.16
measurand
quantity intended to be measured

Note 1 to entry: Specification of a measurand requires knowledge of the kind of quantity, description of the

state of the phenomenon, body, or substance carrying the quantity, including any relevant component, and the
chemical entities involved.
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Note 2 to entry: In the second edition of the VIM and in IEC 60050-300:2001, the measurand is defined as the
“particular quantity subject to measurement”.

Note 3 to entry: The measurement, including the measuring system and the conditions under which the
measurement is carried out, might change the phenomenon, body, or substance such that the quantity being
measured may differ from the measurand as defined. In this case, adequate correction is necessary.

EXAMPLE The length of a steel rod in equilibrium at ambient Celsius temperature of 23 °C will be different
from the length at the specified temperature of 20 °C, which is the measurand. In this case, a correction is
necessary.

Noge 0 mes used for

H A ooyt B o t o O t 5
‘m¢asurand’. This usage is erroneous because these terms do not refer to quantities.

[SOURCE: JCGM 200:2012, 2.3]

Note 5 to entry: In laboratory medicine, the description of the measurand includes the name of the quantity
(e.g. amount of substance concentration), the component/analyte (e.g. 3-D-glucose), aidjthe biological system in
whiich it is found (e.g. blood plasma.)

[SQURCE: ISO 18113-1:2009, 3.39]

3.17

me¢asurement
process of experimentally obtaining one or more quantity values that can be reasonably attributed to a
qupntity

Nofe 1 to entry: Measurement does not apply to nominal properties.

Note 2 to entry: Measurement implies comparison of quantities or counting of entities.
Note 3 to entry: Measurement presupposes a description of the quantity commensurate with the intended use of
a npeasurement result, a measurement procedurejand a calibrated measuring system operating accor|ding to the

spégcified measurement procedure, including the measurement conditions.

[SOURCE: JCGM 200:2012, 2.1]

~

Note 4 to entry: A measurand is the quantity intended to be measured by a medical laboratory. See 3.17

3.18
me¢asurement bias
esfimate of a systematiC measurement error

[SQURCE: JCGM 200:2012, 2.18]

Nofe 1 to entry: Bifference between the accepted value of a commutable reference material and the nean value
of replicatemgasurements produced under repeatability conditions by a medical laboratory megasurement
pracedure

Nofe~2“to entry: Difference between the mean value of replicate measurements produced by g4 reference
mefasurement procedure and the mean value of replicate measurements produced under repeatabilitylconditions
by a medical laboratory measurement procedure.

Note 3 to entry: Because of measurement imprecision, values for measurement bias cannot be exactly known.

3.19
measurement error
measured quantity value minus a reference quantity value

[SOURCE: JCGM 200:2012, 2.16]
Note 1 to entry: In general, a measurement has imperfections that give rise to an error in the measurement result.

Traditionally, an error is viewed as having two components, namely, a random component and a systematic
component.

© IS0 2019 - All rights reserved 5
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Note 2 to entry: Error is an idealized concept and errors cannot be known exactly.

[SOURCE:
3.20

JCGM 100:2008; 3.2.1, Notes 1 and 2]

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

Note 1 to entry: Measurement methods may be qualified in various ways such as:

— substitution measurement method;

— differg
— nullm
— direct
— indire
Note 2 to e
[SOURCE:
3.21

measurement precision

precision
closeness

measurenients on the same or similar objects under specified conditions

Note 1 to {
variance, s

Note 2 to
intermedisg
ISO 5725-1

Note 3toe
precision,

[SOURCE:

Note 4 to

dispersion
imprecisio
medical de

3.22

measurement procedure

detailed d

ntial measurement method;
easurement method;
measurement method;

ct measurement method.

htry: See [EC 60050-300:2001.

JCGM 200:2012, 2.5]

of agreement between indications or measured quantity values obtained by replic

ntry: Measurement precision is usually expressed humerically by measures of imprecision, such
tandard deviation (SD), or coefficient of variation;{C}) under the specified conditions of measuremsg

entry: The ‘specified conditions’ can be,-for example, repeatability conditions of measuremsé
te precision conditions of measurement, or long-term conditions of measurement
1994).

htry: Measurement precision is used-to define measurement repeatability, intermediate measurem
ind long-term measurement imprecision.

JCGM 200:2012, 2.15]

entry: Imprecision denotes the statistical measure or metric related to the degree of closenesg
such as SD, CV, rangg, etc. In this context, a measurement procedure is of good precision when
h is low, and ofdad’precision when the imprecision is high relative to the precision needed to m
Cisions based{on-the value of the quantity measured.

esCription of a measurement according to one or more measurement principles and t

hte

as
nt.

nt,

see

ent

or

the
hke

given med

surement method, based on a measurement model and including any calculation to obtai

measurement result

Note 1 to entry: A measurement procedure is usually documented in sufficient detail to enable a competent
operator to perform a measurement.

[SOURCE:

Modified - added “competent”]

Note 2 to entry: A measurement procedure can include a statement concerning a target MU.

Note 3 to entry: A measurement procedure is sometimes called a standard operating procedure, abbreviated SOP.

© ISO 2019 - All rights reser
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[SOURCE: JCGM 200:2012, 2.6]

Note 4 to entry: Target MU as described in Note 2 of JCGM 200:2012, 2.6, is referred to as maximum allowable
measurement uncertainty in this document. See 3.15.

3.23
measurement repeatability
measurement precision under a set of repeatability conditions of measurement

[SOURCE: JCGM:200:2012, 2.21]

NofeTTo entry: See 3.33.

3.24

measurement result
sefl of quantity values being attributed to a measurand together with any othér ‘availablg¢ relevant
information

Nofe 1 to entry: A measurement result generally contains ‘relevant information” abeut the set of quangity values,
sugh that some may be more representative of the measurand than others. This\may be expressed in fhe form of
a pfobability density function (PDF).

Note 2 to entry: A measurement result is generally expressed as a single. measured quantity value ajnd a MU. If
thd MU is considered to be negligible for some purpose, the measupement result may be expressed|as a single
mefasured quantity value. In many fields, this is the common way of expressing a measurement result

[SQURCE: JCGM 200:2012, 2.9]

3.25

me¢asurement standard
reglization of the definition of a given quantity,with stated quantity value and associated MU, used as
areference

EXAMPLE1 1 kg mass measurement standard with an associated u of 3 ug.

EXAMPLE 2 Set of reference solutions of cortisol in human serum having a certified quantity valye with MU
for|each solution.

EXAMPLE 3  Reference material providing quantity values with measurement uncertainties fof the mass
corjcentration of each of ten different proteins.

Nofe 1 to entry: A “realization of the definition of a given quantity” can be provided by a measuring system, a
malterial measure, or.awreference material.

Note 2 to entry: Aymeasurement standard (calibrator) is frequently used as a reference in establishing measured
quantity values,and associated MU for other quantities of the same kind, thereby establishing mjetrological
aceability thyough calibration of other measurement standards, measuring instruments, or measuring systems.

Note 34o¢entry: The term “realization” is used here in the most general meaning. It denotes three pr¢ocedures of
“replization”. The first one consists in the physical realization of the measurement unit from its definjtion and is
redlizationsensustricto-Thesecond termed— HetioR -consists-notinrealizingthemeasuremedt unit from
its definition but in setting up a highly reproducible measurement standard based on a physical phenomenon, as it
happens, e.g. in case of use of frequency-stabilized lasers to establish a measurement standard for the metre, of the
Josephson effect for the volt or of the quantum Hall effect for the ohm. The third procedure consists in adopting a
material measure as a measurement standard. It occurs in the case of the measurement standard of 1 kg.

Note 4 to entry: A standard MU associated with a measurement standard is always a component of the combined
standard MU (See JCGM 100:2008, 2.3.4) in a measurement result obtained using a procedure calibrated with
the measurement standard. Frequently, this component is smaller when compared with other components of the
combined standard MU.

Note 5 to entry: Quantity value and MU must be determined at the time when the measurement standard is used.

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

© IS0 2019 - All rights reserved 7
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Note 7 to entry: The word “embodiment” is sometimes used in the English language instead of “realization”.

Note 8 to entry: In science and technology, the English word “standard” is used with at least two different
meanings: as a specification, technical recommendation, or similar normative document (in French « norme
») and as a measurement standard (in French « étalon »). This vocabulary is concerned solely with the second

meaning.
[SOURCE:
3.26

JCGM 200:2012, 5.1]

measurement uncertainty
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3.27

- characterizing the dispersion of the quantity values being attributed to a measurandjbas
prmation used.

bntry: MU includes components arising from systematic effects, as in the case of corrections to
hantity values of measurement standards. Sometimes estimated systematic effects-are not correc
fead, the associated MU components are incorporated.

htry: The parameter may be, for example, a SD called standard MU (or a specified multiple of it), or
of an interval, having a stated coverage probability.

entry: MU comprises, in general, many components. Some of thesé may be evaluated by Typ
of MU from the statistical distribution of the quantity values from ‘séries of measurements and
brized by SD. The other components, which may be evaluated by-Type B evaluation of MU, can alsg
red by SD or evaluated from probability density functions basé€d ‘en experience or other informatio

entry: In general, for a given set of information, it is uiderstood that the MU is associated wit
htity value attributed to the measurand. A modification,of this value results in a modification of
uncertainty.

JCGM 200:2012, 2.26]

under repeatability conditions generally produce different values for the same measurand. Beca
ht values could all be reasonably attributed to the same amount of measurand, there is uncertainty
ilue should be reported as the value of the measurand.
ntry: Based on available datawabout the analytical performance of a given measurement procedy

bd level of confidence.

ntry: Available dataZabout the analytical performance of a given measurement procedure typic:
ncertainty of calibfator assigned values and long-term imprecision of IQC materials.

ntry: In medical laboratories, most measurements are performed in singleton, and are taken to be
estimate(of the value of the measurand, while the MU interval indicates other results that are 4

ed

the
ted

the

b A
fan
be

h a
the

ntry: All measurements have bias and imprfecision. For example, replicate measurements of a samlple

lise
as

re,

on of MU provides an interval of values that is believed to include the actual value of the measurand,

11y

an
Iso

measurin

Sucto

l‘g J]at\-m

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 values within specified
intervals for quantities of specified kinds.

Note 1 to entry: A measuring system may consist of only one measuring instrument.

[SOURCE:

JCGM 200:2012, 3.2]
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3.28

metrological traceability
property of a measurement result whereby the result can be related to a reference through a
documented unbroken chain of calibrations, each contributing to the MU

Note 1 to entry: For this definition, a ‘reference’ can be a definition of a measurement unit through its practical
realization, or a measurement procedure including the measurement unit for a non-ordinal quantity, or a

me

asurement standard.

Note 2 to entry: Metrological traceability requires an established calibration hierarchy.

No
est]
ref]

No
ing
ab
qu

No
be

qu
the
rod

No
giv
No

comparison is used to check and, if necessary, correct the quantity value and MU attributed to

me

No

cofjfirming metrological traceability to bé_an unbroken metrological traceability chain to an in

me

prd
ILA

No
we

«

m
tral

IS¢

3.2

pr
PT
als

fe 3 to entry: Specification of the reference must include the time at which this reference. wj
ablishing the calibration hierarchy, along with any other relevant metrological information
brence, such as when the first calibration in the calibration hierarchy was performed.

fe 4 to entry: For measurements with more than one input quantity* in the measurement model,
ut quantity values should itself be metrologically traceable and the calibration hierarchy involved
ranched structure or a network. The effort involved in establishing metrological ttaceability for
intity value should be commensurate with its relative contribution to the meastrement result.

Fe 5 to entry: JCGM 200:2012, 2.50 defines input quantity in a measuremehtymodel as the quantity
measured, or a quantity the value of which can be otherwise obtainéd;in order to calculate 4
intity value of a measurand. Example: length of a steel rod at a specified temperature is the measu
ambient temperature, the observed length of the steel rod, and the thermal expansion coefficient
are the input quantities in the measurement model.

Le 6 to entry: Metrological traceability of a measurement result does not ensure that the MU is ade
en purpose or that there is an absence of mistakes in metrelogical traceability implementation.

fe 7 to entry: A comparison between two measurehient standards may be viewed as a calibrg
Asurement standards.

fe 8 to entry: The International Laboratety Accreditation Cooperation (ILAC) considers the el
hsurement standard or a national measurement standard, a documented MU, a documented md
cedure, accredited technical competence, metrological traceability to the SI, and calibration int
.C P-10:2002).

Le 9 to entry: The abbrevijated term “traceability” is sometimes used to mean ‘metrological trac
1 as other concepts, such-as ‘sample traceability’ or ‘document traceability’ or ‘instrument trac
terial traceability’, where the history (“trace”) of an item is meant. Therefore, the full term of “m
ceability” is preferred.if there is any risk of confusion.

URCE: JCGM~200:2012, 2.41]
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o‘’kmown as External Quality Assessment (EQA)

Note 1 to entry: See 3.10.

3.30

property
attribute of a substance, body or phenomenon e.g. color, nucleotide sequence, length, mass, light
emission wavelength

©lI
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3.31

quantity

property of a phenomenon, body, or substance, where the property has a magnitude that can be
expressed as a number and a reference

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

EXAMPLE1 “Plasma (Blood) - Sodium ion; amount-of-substance concentration equal to 143 mmol/l in a given
person at a given time”.

[SOURCE:[JCGM 200:201Z, T.T]

EXAMPLER  Number concentration of erythrocytes in blood sample (Whole Blood - erythrocytes; numper
concentratfion equal to 5 x 106/ul in a given person at a given time).

Note 2 to eptry: "Quantity” is not to be confused with "analyte", see 3.1.

Note 3 to pntry: Measurement procedures for which the measurement is expressed in-a_qualitative manper
(e.g. “presqnt” or “not present”) against a ratio or counting scale with a pre-determined\decision threshold, are
consistent with this definition of the term quantity.

3.32
relative standard measurement uncertainty

Upe]
standard measurement uncertainty (u) divided by the absolute valte‘of the measured quantity value

[SOURCE:|JCGM 200:2012, 2.32]
Note 1 to eptry: This general calculation is commonly termed aoefficient of variation (Cy).

Note 2 to eptry: In this document, relative standard measurement uncertainty (u,.;) is used to distinguish it from
other uses|jof CV.

3.33
repeatabjlity condition of measurement
condition |of measurement, out of a set of\conditions that includes the same measurement procedyre,
same operator, same measuring system, 'same operating conditions and same location, and replichte
measurenpents on the same or similar'objects over a short period of time

[SOURCE:|JCGM 200:2012, 2.20}

Note 1 to| entry: A repeatability study is usually conducted when verifying the analytical performance
characterigtics of a measutement procedure before introduction to service as it indicates the best precisfon
achievable|in the hands©fthe laboratory. A repeatability study may also be performed if an apparent bias of an
in-service measurementprocedure based on minimal replication requires further evaluation.

3.34
selectivitly of\a'measuring system
property pf2@ measuring system, used with a specified measurement procedure, whereby it provigles
measured quantity values for one or more measurands such that the values of each measurand are
independent of other measurands or other quantities in the phenomenon, body, or substance being
investigated

EXAMPLE 1 Capability of a measuring system 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 is usually obtained for quantities 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.
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[SOURCE: JCGM 200:2012, 4.13, modified]

EXAMPLE 2 Capability of a measuring system to measure the amount-of-substance concentration of
creatinine in blood plasma by a Jaffé procedure without being influenced by the glucose, urate, ketone and
protein concentrations.

3.35

standard deviation

SD

<for a series of measurements of the same measurand> quantity characterizing the dispersion of
the results

[SOURCE: JCGM 100:2008, B.2.17, modified]

Nofe 1 to entry: A measure of the variability (dispersion or spread) of any set of numerical vdlues gbout their
arithmetic mean (average), defined as the positive square root of the variance.

Note 2 to entry: Quantitative measure of the variation or dispersion of values, from the-same procesg, about the
true but unknown value.

Note 3 to entry: SD, as used in this document, refers to long-term precision (sée'8.21).

Nofe 4 to entry: SDs are used in many different situations to quantify the dispersion of values of diff¢rent types
of ¢lata sets. In the context of MU, the SD quantifying the dispersion,of'quantity values obtained from precision
studies under repeatability or long-term precision conditions is termed standard MU (u) to distingyish it from
other applications of SD.

Note 5 to entry: SDs cannot be added or subtracted. Such caleulations require use of variances (see 3.39).

3.36

standard error
SE
qupntitative measure of the variation or dispersion of sample means or sample averages

Nofe 1 to entry: Sometimes known as SD of\the mean.

Nofe 2 to entry: A value of a measurandfor example in a reference material requires calculation of a jnean value
using a small number of measured values obtained under repeatability conditions. If the repeatahility study
wefe to be repeated many times slightly different mean values would be obtained, so that the mean value also
hag a MU. Instead of performing’/multiple repeatability studies, the u of the mean value obtained fr¢m a single
regeatability study can be-quantified by calculating [see formula] the SD of the mean value (SD,,,,):

SD mean = SD/‘/E

where

SD oS is calculated by dividing the SD of the n contributing observations in the series (from a repgatability
study) by the square root of n.

EXAMPLE To evaluate the bias of a serum creatinine measurement procedure, a reference material for sefum creati-

llilll: wdd IIITdsul Uc‘l 20 tillle uudc1 I Cpcdtd]l)i‘lity LUllditiUllb.
Mean value 122,0 pmol/1, SD 0,63 pmol/I; n = 20
SD =0,63/v20 = u = 0,15 pmol/l, U= 0,30, k = 2

mean

Note 3 to entry: The expanded uncertainty, U, for the creatinine concentration in the reference material (with a
mean value of 122,0 umol/1) as measured by an end-user measurement procedure is: 122,0 + 0,30 pmol/1 (=95 %
level of confidence). It should be noted that the measurand values assigned to higher order reference materials
also have stated uncertainties provided with their certificates that must be combined with the u of the mean
value obtained as described above to correctly estimate the MU of the end-user measurement procedure.

Note 4 to entry: It can be seen that as n increases, the SD
mean value of the measurand in the reference material.

mean decreases, providing a more reliable estimate of the
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measurement uncertainty

uncertainty

measurement uncertainty expressed as a standard deviation

[SOURCE:

JCGM 200:2012, 2.30]

Note 1 to entry: A value for u is non-negative i.e. stated without a sign, for example 0,14 mmol/1. See also 3.40.

3.38

trueness
closeness

values andl a reference quantity value

[SOURCE:

3.39
variance
square of

Note 1 to

generally 4
individual
distance f1
variance nj

are far from the mean and from each other.

Note 2 to

of agreement between the average of an infinite number of replicate measured guant

JCGM 200:2012, 2.14]

the standard deviation (SD?; u?)

bntry: Sufficient measurement results obtained from precision studies\are dispersed in a way t
pproximates a Gaussian distribution. Like SD, variance (SD?; u?) is a’statistical parameter of how
values are spread out from the mean value of all the contributing‘results. While the SD is the aver
om the mean value, the variance is the average of the squared/distance to the mean value. A |
eans contributing values are close to the mean and to each other, while a high variance means val

entry: The spread of values typically obtained from’performing replicate measurements un

calculated
value, divi

repeatabil}y or intermediate precision studies using IQC materials can be characterised by variance. Varianc

SD? =

Note 3 to ¢
unit is the

variance njust first be converted either'to a SD or to a standard uncertainty (u), calculated by the follow

formula:
SD= \/

so that the

Note 4 to ¢
uncertaint

er formula below as the sum of the squares of the difference of each individual value from the m
ed by the degrees of freedom (total number of\values minus one):

[Z(x—?)z}/n—l

ntry: The measurement unit of variance is impractical for laboratory use because its measurem
bquare of the measurement unit'applicable to the data (see 3.35). For laboratory calculation purpof

kD2 or u=u?

dispersionof measurand values can be expressed in the same measurement unit.

entryASD or u values cannot be added or subtracted. Such calculations using independent stand
es’(u)' or relative standard uncertainties (u,,) require the values to first be converted to th

ity

hat
far

hge

lles

Her
e is
ban

ent
es,

ing

hrd
eir

respective

variances (SD?; CV?), and then summed per Formula (1):

estimat

ed total variance = (u21 +u22 + ...uzn) M

Once the total variance is calculated per Formula (1), the estimated total (combined) standard uncertainty is

calculated

estimat
(2)

Similarly, t

12

per Formula (2):

ed total standard uncertainty, u(y) = v/ total variance [from Formula (1)]

he total relative variance may be calculated per Formula (3):
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total relative variance = (u; / value; )2 + (uy / value, )2 + ...(u, /value, )2 (3)

and total relative standard uncertainty (u,,) is calculated per Formula (4):

Upl = J total relative variance. [from Formula (3)] 4)
For worked examples see A.2.4.

3.40
uncertainty component under conditions of within-laboratory precision
u

R
esfimate of standard uncertainty for a given measuring system in the same laboratory oyer.an extended
time period that includes routine changes to measuring conditions, for example, lot chahges of reagents,
calibrators, instrument maintenance

Note 1 to entry: Also termed long-term precision (which is used in this document; see 3.12, 3.21, 3.23]

4 | Abbreviated terms and symbols

k coverage factor applied to u to obtain an expanded confidence interval U

SD|yean standard deviation of the mean value of a measurand obtained from a repeatability study.
Taken to be the uncertainty of measured value y 0fmeasurand Y

u measurement uncertainty expressed as a standard deviation

Upils u of a bias value

U u of the value assigned to an end-us€’calibrator

U de u of the value assigned to a reference material

Upl, u for long-term imprecisioh of measured values obtained under defined conditionf in same
laboratory for a period sufficient to include all routine changes to measuring conditions,
e.g., different lots ef reagents, operators, and environmental conditions.

u. 40 relative u of a measured value y [u(y)/y]; also expressed as a percentage % u,(y)| Used in
this guide toé distinguish from other uses of CV

U4 relative-€xpanded uncertainty of measured value y of measurand Y

% U,e(¥) percent relative expanded uncertainty of the measured value y of measurand Y

u(y) u of mean value of replicate measurements of Y performed under repeatability(r) ¢onditions
u) expanded uncertainty of the measured value y of measurand Y

u(y) standard uncertainty of a measured value, y, of measurand Y

X mean value

5 Measurement uncertainty for medical laboratories

5.1 Measurement uncertainty concept

All measurement results include some error. Because of measurement imprecision, the magnitude of
error in an individual result cannot be exactly known. The measurement uncertainty (MU) concept
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recognises that a single measurement result is the best available value for a measurand and that other
values are possible if the measurement were to be repeated on the same sample.

Based on the known analytical performance of the measurement procedure used, a measurement result

of x units

can be stated as having an uncertainty of u units.

This can be expressed as an interval of possible values for a measurand (see 5.4), with the interval
defined as x * u units. The value of the measurand is assumed by the laboratory to lie within the interval
X - u to x + u units, with a stated level of confidence.

Medical 1
(IQC) and
statistics.
their mea

aboratory measurement procedures are well-suited to utilizing internal gquality control

other available data to estimate MU without the need for measurement models and comp
The following sections describe a practical method for medical laboratories to estimate.

with the assigned value of calibrators and the uncertainty of any bias corrections introduced.

Figure 1 i

estimatio

1 of MU, and identifies the inter-relationships among major sources of-MUY that should

accounted for by the laboratory when estimating MU for a given measuring system.

MU only

ronsiders uncertainties arising from sources within the technicalybounds of a measur

system arnd assumes that:

— uncerj

— meas

interferences) affecting measurement procedures.

14

surement procedures that utilizes available 1QC data in addition to uncertainty dssociaf

s a flow chart that illustrates the overall process to be followed by a medigal laboratory

tainties due to pre- and post-analytical steps are minimised-by standardising these process

ired human samples are typical and do not have.unusual sample-specific factors (¢.

lex
for
ed

in
be

ng
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Highest order available
metrological reference

Measurement uncertainty (u)

Per ISO 17511, u., combines:
e All calibration hierarchy

Metrological

traceability
uncertainties @

e Uncertainty of bias correction

A

IVD MANUFACTURER

at each step (if applied) ®

Provides Measurement
Procedure elements...
Calibrators
Reagents
Measuring Systéms |

MEDICAL LABQ@@\TORY

End-user calibrator; assigned

End-user IVD measurement procedpre

correction uncertajrty = uy;,’

value uncertainty = u, ¢ [ |.\{fheasurand Y); long-term imprecision [u, %)
Define/ 1mp1e.ment bias NO Bias within
correction; B

specification? ¢

:

YES ¢

Measgurement uncertainty

/I(Y) < \/(uzcal + quw + uzbias) "

Measurement uncertainty

UU’) = \/(uzcal + quw) &

Expanded uncertainty U, k = 2

Final resu

U=2xu(y)
Its: y £ U; >95% confidence !

© IS0 2019 - All rights reserved

15


https://standardsiso.com/api/?name=17e1773af1087154fa615acfbfb371fb

ISO/TS 2

a  (Calibra

0914:2019(E)

tion hierarchy uncertainties: Depending on the measurand, there can be multiple value

assignment steps and associated uncertainties from the end-user calibrator back to the highest
available reference. See I1SO 17511.

b Uncertainty of calibrator bias correction: Note that an end-user calibrator manufacturing process
already includes correction of any medically significant measurement bias relative to the highest
order reference used, and therefore estimation of a bias by the end-user laboratory and subsequent
estimation of a uy,;,, is rarely required. If further bias correction is required by the end-user medical
laboratory, then the uncertainty of the bias correction, uy;,; needs to be combined with the manu-
facturer’s estimate of u,.,, prior to calculating u(y). See 6.6, C.6 and NOTES 5, 6 and 8.

¢ Uncert
their e

d  Calculdg
system
estima
more ¢
tem sp
and ca
others

e Measur

1inty of the value assigned to an end-user calibrator: Calibrator manufacturers need to provi
btimates of u.,, to end-users on request.

tion of long-term imprecision, up,,: Short-term estimates of the imprecision of anieasuring
can underestimate u because required information can be lacking. Long-terfmyimprecisior

Les from 1QC data collected across important changes to measuring condjtions is usually

pbmplete. The time required to collect sufficient data is mainly governed.by’measuring sys-

ecific factors such as measurement frequency, calibration frequency/frequency of reagent

ibrator lot changes, shelf-life of consumables, variable environmental conditions, among
equipment maintenance procedures. See 5.3.

ement bias verification: The laboratory needs to ensure thatthe magnitude of any measure

ment b

(EQA) performance is often used for this purpose, but cautionneeds to be exercised. In addition

to acc

depending on how the value is assigned to the material. Where there are doubts concerning valid
of a bigs observed for an EQA material, the laboratory,needs to consider assessing bias with humz
samplds.

f Bias cofrection: Appearance of a medically unaceeptable measurement bias can be detected by EQ
ance providing that the EQA schemes. fulfil some mandatory requirements, as described[2

survei
[21] 1f

uncert

u(y).u

g Calculd
the un

h Calculd
the un
tainty

i Human
2 topr
associd

as does not exceed the acceptable specification for medicalvuse. External quality assessmg

nting for the commutability of the EQA material, the’EQA target value can itself be biased

nresolved by the manufacturer, the'aboratory can introduce a correction factor. If so, the

5e of bias correction factors are not permitted by some national regulations.

ertainty of the valueassigned to the calibrator, u , and long-term precision, ug,,.

tion of MU of a final-result, u(y); bias exceeds specification: This calculation takes into accou
ertainty of the value assigned to the calibrator, u, long-term precision, ug,,, and the unce
pf any bias cotrections, uy;,,, introduced by the end-user medical laboratory.

sample-résults: It is usual practice to expand u by multiplying it by a coverage factor (k) of
pvide'an expanded uncertainty, U, with a level of confidence of approximately 95 % when
téd,with human sample results. Uncertainties are not required to be routinely reported to

hinty of the correction factor, upy¢ needs to be estimated and included in the calculation of

tion of MU of a final result,u(y); bias within specification: This calculation takes into account

de

nt

ity
\n

A

=
—_

Nt

medica

tpractitionerswith resutts; but should-beavaitabte orrequest-—See 5476

Figure 1 — Process for estimation of measurement uncertainty for a typical in vitro diagnostics

measuring system

5.2 Maximum allowable measurement uncertainty

The magnitude of MU should be suitable for a result to be used in a medical decision and ideally as
small as technically possible. For a given measuring system, estimating the expanded uncertainty of
the results produced is of very limited value unless it can be compared with an upper limit of allowable

expanded

16

uncertainty based on the quality of results required for medical use.
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Such limits should be based on models defined by the 2014 European Federation of Clinical Chemistry
and Laboratory Medicine (EFLM) consensus conferencel22] including clinical outcome studies, a selected
proportion of biological variation, or, when information derived from the first two models are lacking,
state-of-the-art of the measurement performance. The chosen approach is guided by factors such as
the biological behaviour of the measurand, medical applications of results, and analytical performance
characteristics of available measurement procedures. If a measurement procedure exceeds the upper
allowable uncertainty limit, it may be possible to reduce the uncertainty by identifying and modifying
a technical step that makes a relatively large contribution to the total uncertainty of results. If the
uncertainty cannot be sufficiently reduced, a decision must be made as to whether the measurement
procedure is to be changed or if the quality goal should be reconsidered.

Thle value selected by a laboratory for the maximum allowable MU and its justification forms

MU

5.]

Fo
is

process. If a procedure requires a pre-measurement sample preparation step and IQC mat

un
sin
pre
est
un

So
wi
pa
or
arg

samples.

Co

| record for the measurement procedure.

3 Sources of measurement uncertainty

Feach measurement procedure, it is important to identify the technical pointifrom which ui
[o be estimated. Generally, this will be the point at which 1QC materials enter the mes:

Hergo this step, the laboratory must demonstrate that human ganiples and 1QC materi
hilarly. If IQC material does not undergo such a step, or is subjeéted to the pre-measureme
bparation step, but behaves differently from human samples/the’laboratory should design
imate a typical uncertainty associated with the sample préparation process and combine

Certainty of the measurement step.

irces of uncertainty may arise from interfering substances that modify the interaction of t
Lh the measuring system and/or the signal generatéd by the measurement process. Exampl
fient antibodies to an analyte or reagent, spectrophotometric interference by free hae
cross-reactivity of structurally related molecules. These pre-measurement sources of uj
 generally individual sample-specific and\not included in the estimation of MU for typid

mmon sources of MU are:
sample inhomogeneity;
reconstitution procedutries for lyophilised materials, e.g. calibrator and reagents;
uncertainty of calibrator values, re-calibrations;
instrumentatién; e.g. electro-mechanical fluctuations, maintenance, parts replacement;
reagent and.calibrator instability;
reagentand calibrator lot-to-lot variability;

fluetuations in laboratory environment;

part of the

wcertainty
surement
brials also
al behave
nt sample
a study to
t with the

he analyte
es include
moglobin,
certainty
al human

operator bias introduced by reading analogue instrument indications;
variable manual dexterity for manual and semi-automated methods;

measurement bias vs. an accepted calibration hierarchy scheme;

measurement formulae, e.g. approximations, assumptions, inexact values for constants,

of digits;
more than one of the same measuring system for the same measurand;

more than one measurement procedure for the same measurand that may have different
performance characteristics.
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For most measuring systems in medical laboratories, the most significant uncertainty contributions to
the overall MU are captured by:

— long-term imprecision data obtained for IQC materials for a period sufficient to include all changes
to measuring conditions (ug,,);

— uncertainty of end-user calibrator values (u.,;) - obtainable from the manufacturer or established
by a laboratory that develops its own measuring system.

Occasionally a medically significant measurement bias may be corrected (if permitted by national
regulations), in which case the uncertainty of the correction factor applied (u,;..) must be considered.
Guidance |n accounting for uncertainty associated with bias correction is provided in 6.6 and C.5 and\(.6.

This docyment is not intended to describe guidance on performing an exhaustive accounting of|all
possible yncertainties, but is focused on the major foreseeable sources of MU for measuring’systems
used in mpdical laboratories, to provide practical estimates of MU that help ensure thatpatient resylts
are fit forl medical use. A record of uncertainties applicable to results produced by\each applicaple
measuring system should be maintained by the medical laboratory, including data seurces, assumptigns
and statisfical processes used in calculations, maximum allowable MU and general action to be taken if
the maximum allowable MU is exceeded (see 5.2).

5.4 Expression of measurement uncertainty

Shown in Figure 2 is a histogram of 1485 successive reported valuesfop serum sodium ion concentratjon
measured in an internal quality control (IQC) material, tested within a single laboratory using a single
measuring system for a time period sufficient to include all anticipated routine changes in measurjng
conditiong. The calculated mean of the reported values (x =A40,3 mmol/1) is considered to be the bfst
available ¢stimate of the amount of the measurand (sodium ion amount of substance concentration] in
this IQC mjaterial. All of the individual IQC values repogted represent possible values for the measurgnd

in this mafterial, but with lesser probability than the-calculated x .
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Figure 2 — Frequency of reported values for a measurand (serum sodium ion concenfration,
mrnol/1) in an internal quality control (IQC) material

When repeatability.of long-term precision data for a well-controlled measurement procgdure are
pldtted in a histogfam as shown in Figure 2, the dispersion of values is approximately] Gaussian
(ngrmal). Assumiing Gaussian behaviour of the data, the magnitude of the dispersion of values around

th¢ mean value (x) can be quantified by calculation of the standard deviation (SD), in|this case
+1/34 mmel/l. An SD obtained from such long-term precision data is termed a standard uncertainty (u),
to |distinguish it from other uses of SD. If the data are obtained for a period sufficient to Include all
routine changes to measuring conditions, the u is designated uy,,, or the standard uncertainty under
within-laboratory conditions.

Standard uncertainty, u, is always a positive value and has the same units of measurement as the
measurand. When attached to a measurement result it has a sign of + to define an interval of possible

reported values for the measurand with a stated level of confidence. The interval, x * Ug,y» defines a

range of possible measurand values distributed around the mean value, including approximately 68 %
of possible values for the measurand. Standard uncertainty, u, can be multiplied by a coverage factor k,

typically 2, to provide an expanded uncertainty U, so that x + U provides a coverage interval that

includes approximately 95 % of possible values for the measurand in this IQC material, with the stated
measuring system.
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In the same way that SD can be expressed as a percentage relative to the mean value as a percent
coefficient of variation (% Cy), it is also of practical use to express standard uncertainty, u, as a
percentage relative to the mean value (% u,,) and expanded uncertainty, U, as percentage relative
expanded uncertainty (% U,)).

The measurement uncertainty of the measurement procedure determines the number of significant
figures in the reported values of the measurand. The measurement uncertainty of a measurement
procedure should be consistent with the medical requirements. In all cases, the number of significant
digits in the reported values for a given measurement procedure shall not imply a smaller uncertainty
than warranted by the uncertainty of the measurement procedure.

When mdgking statistical calculations such as estimation of measurement uncertainty, it is ©ften
necessary| to round the numbers, since it may not be possible, practicable, or reasonable torecord
all numbdrs calculated to the last available digit. To simplify presentation, statistical series are offen
rounded tp make the information easily understood and comparable to other data. In thisicehtext, data
rounding [is acceptable provided that an adequate level of accuracy is retained and a-s€t of rounding
rules is established and consistently applied.

When performing a set of sequential calculations, as is typical when estimating standard measurement
uncertainfy, expanded uncertainty and relative uncertainty, rounding should be)performed only on the
final calcylated estimates; never on intermediate calculated values that comprise inputs to subsequent
and final ¢alculations.

To simplify reporting of data, biostatistics experts recommend obsérving the following conventigns
with respgct to reporting significant digits(23]:

a) When calculating a mean, use only the number of decimal digits in the final reported value plus qne
additjonal decimal digit.

LE Reported values (for serum sodium ion-concentration) for five replicate determinations|on
e sample are given only in whole integer nufabers such as 122, 123, 124, 122, 125. The calculated
mean [value (n = 5) is 123,2 (i.e., the mean is reperted with one more significant digit than the individual
reported values.)

b) For rgporting calculated SD’s, use the ;mumber of decimal digits in the reported values plus two. For
% CVJ|one decimal digit (for example, 3;1 %) should be sufficient.

There are|three accepted approachésapplicable to data rounding[24]. These approaches include:
Option A [even/odd method) +ayoids bias in mean values over the long term.

EXAMPLE [L 1,35 is rounded'to 1,4; 1,25 is rounded to 1,2.

Option B [computer/attomated spreadsheet approach, e.g. Microsoft Excel).

The right-most digitto be rounded is not changed if followed by a digit less than 5. If the right-most digit
to be rounded is-followed by a digit greater than or equal to 5, it is increased by one. This approach is
also known.ds\conventional rounding.

EXAMPLE 2 1,25isrounded as 1,3; 1,35 is rounded to 1,4. 1,23 is rounded to 1,2.

Option C (round-up method) - the most conservative approach; has advantages for evaluating
compliance of uncertainties against maximum permissible errors, tolerances, or risk assessments.

EXAMPLE 3 1,23 isrounded to 1,3.

Because many medical laboratories are likely to use automated spreadsheets to perform the types of
calculations described in this technical specification, it is recommended for simplicity that laboratories
select Option B as their rounding convention when calculating measurement uncertainty. Regardless
of which rounding option is selected, each laboratory should document the data rounding method they
use to perform calculations of the estimated measurement uncertainties.

EXAMPLE 4
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For the IQC frequency data displayed in Figure 2, the measuring system reports values in whole numbers with
three significant digits and no decimal places; applicable units are mmol/l. The arithmetic mean [sodium] of
1 485 consecutive reported values is 140,3 mmol/l. Based on these data, u for [sodium] is 1,34 mmol/l. For a
coverage factor k = 2, the expanded uncertainty, U, is therefore 2 times 1,34 mmol/l, or 2,68 mmol/l. The coverage

interval, x * U, is [140,3 - 2,68 mmol/l] to [140,3 + 2,68 mmol/l]; or x * U= 137,62 to 142,98 mmol/I.

Because the coverage factor, k = 2, was applied in estimating the expanded uncertainty, we are 95 %
confident that the true mean value lies in the interval [137,62 to 142,98] mmol/I.

Allowing for roundmg to one 51gr11f1cant digit to the right of the dec1mal point the 95 % coverage interval
ol/1. Or, in

accuracy
Option B

reported serum sodium value with the stated measuring system can be rounded {pe
nding rules as specified above) to 138 to 143 mmol/1.

e interval
lute value
" material

lieu of reporting the 95 % coverage interval as a range of absolute values, the coverag
y be reported as the relative percentage expanded uncertainty (% U_4). USing the abso

the expanded uncertainty (2,68 mmol/l) based on k = 2 and the mean value for the 1Q
0,3 mmol/1), % U,,, is calculated as follows:

Urel = (Ury/ x) x 100 = [(2,68 mmol/1)/(140,3 mmol/1)] x 100 = 1,91 % (rounded to
% U,e = x 1,9 %, k=2,~95 % confidence.

1,9 %) or,

Tolavoid misunderstanding, it is recommended that a statement be included in all presentatiqns of data
where data rounding might lead to discrepancies between calculations performed with and without
rofinding[23],

Ex
md
un

hmple (statement): Data rounding: Figures presented in tables have been rounded, and distrepancies
y occur between sums of component items<and totals. All percentages have been calculgited using
rounded figures.

5.%

b Use of relative standard uncertainty for calculating uncertainty estimates

Unl

1Q
thg

certainty can be estimated using the absolute SD (u), the relative SD . (u,]) or the % Cy, (% y
[ values at a particular concentration. The choice to use SD or % C}, should be made as appf|
uncertainty information‘required as applicable to a particular test result.

o) of the
opriate to

Relative uncertainties-should be used under two conditions:

b)

when the % (1S approximately constant over a substantial portion of the measuring in
estimated MU/can be extrapolated to all concentrations in that portion of the measurin
(see A.8);

when'the measurand is a calculated result and the components of the calculation are muy

rerval, the
g interval

Itiplied or

divided (see A.2.4, Rule 2, Examples 1 and 2).

Because MU can be estimated at only the concentrations at which IQC values are available, extrapolating
the available MU estimates to other concentrations requires an assumption that the uncertainty
or relative uncertainty is approximately constant over all or a portion of the measuring interval. To
construct a precision profile, it may be necessary to augment routine IQC samples with additional 1QC
samples at other concentrations to obtain % C), or SD estimates over the full measuring interval of
interest.

With data sufficient to construct the precision profile for a measuring system, the question of whether
the % Cy, or SD is constant over a concentration interval can be assessed using one of two possible
methods. In the first method, measurement procedure comparison data can be plotted using a
difference plot as described in CLSI EP09c, 374 edition. In the second method, data from an imprecision
study can be used to create a precision profile as described in CLSI EP05-A3.
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5.6 Reporting measurement uncertainty

MU estimates provide a quantitative indication of the reliability of results for human samples based on
available information. MU is not routinely reported with patient test results, but MU information should
be made available to laboratory users on request. In some medical situations it may be important for
the laboratory to communicate the degree of MU associated with a test result.

6 Steps for estimating uncertainty of measurand values

6.1 Measurand definition

Definition of a measurand requires at least three pieces of information:

— syste

— identity of the analyte, e.g. rubella antibody, digoxin, subunit of human chorionic-gonadotrophi
HIV-1{RNA, CCG tri-nucleotide;

— quantity,e.g.amountofsubstance concentration, number, mass concentratidgnynumber concentrati
numbler fraction, amount of substance rate concentration.

An exam
additiona

Biological
additiona

concentraftion of a serum enzyme is affected by changes.jni¢the temperature, pH and co-factors ug

in perfory
included i

EXAMPLE
reference 1

EXAMPLE

Another ¢

measurenient procedures to measure the ‘same’ glycoprotein hormone e.g. different antibodies n

recognise
captured
the measy

Although

measurement unit.

containing the analyte, e.g. venous whole blood, urine, red blood cells, renal stone;

e of a measurand is the number concentration of white blood cells in whole venous blood. }
examples of definitions of measurands, see Table 1.

analytes can be complex (isoforms, fragments); therefore, the definition of a measurand n
ly depend on the specific measurement procedure ‘ised. For example, the catalytic actiy

hing the measurement. In such cases, identification of the measurement procedure must
h the measurand definition.

I Table 1: serum enzyme - alanine aminotransferase: catalytic activity concentration by I}
heasurement procedure.

P Table 1: serum IgG paraproteinrieagent kit manufacturer Y.

bxample is the different epitope selectivity of antibodies used by different commer

different isoforms, or bind them to different extents. The differences in measurand may
by providing the particular measurement procedure used, e.g. tumor marker X, measured
rement procedure éf manufacturer.

not part of-the formal definition of a measurand, it is usual practice to identify

For

1ay
ity
ed
be

cC

ial

jay
be

by

he
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6.2 Measurement precision

Ideally, measurement conditions should be kept constant at all times, but in practice changes are
unavoidable (see 5.3). Within-laboratory imprecision during a period sufficient to include most changes
to measuring conditions (ug,,) is, in the majority of cases, the largest contributor to the uncertainty of
measurement results.

IQC materials should, where possible, be used for the collection of imprecision data. Use of EQA data
for calculation of ug,, is not recommended due to the relatively small number of values obtainable in a
typical EQA cycle IQC protocols capture a much larger number and broader range of uncerta1nty events
so that, p3 : st
be collected for a suff1c1ently long -time 1nterval to reflect most of the 1mportant sources of varidbility
mentionedl in 5.3. In addition, IQC data must be partitioned and treated separately to avoid ificludjng
variability that only affects IQC results and does not reflect typical variability expected for results frpm
human samples.

It is genefally assumed that for a given measurement procedure the magnitude of imprecision [for
both IQC and typical human samples is similar, so that a standard uncertainty calculated for an IQC
material is considered applicable to human samples with similar measurand values. This assumptjon
should be|validated by a performing a precision study of representative human samples and relevant
IQC matefial(s) and their variances compared (F-test). If statistically ‘significant differences are
not detected, equivalent performance is confirmed. Use of IQC materials for long-term imprecisjon
estimates|is encouraged.

The assurpption that IQC and typical human samples behave similarly with respect to measurement
precision [should also be carefully considered where a pre-treatment step is required for humnjan
samples bjut not for IQC materials, for example, haemoglobinATc assays, where clinical samples requfire
haemolysis, but IQC material can be provided as a haemolysate.

NOTE1 |MU isideally estimated using IQC materials with;mean measurand values close to important medjcal
decision lifnits.

NOTE 2  |Calculation of MU only uses IQC data ‘produced when the measuring system is meeting analytjcal
performange criteria. IQC data generated when-a.technical error or deviation from the SOP has occurred need to
be excludefl.

NOTE 3 |More than one level of IQC caiibe'used to monitor precision across a measuring interval, in which cpse
the uncertgainty for each level needs to\be calculated and compared to decide if the uncertainties are essentiglly
the same fcross the measuring interval, or sufficiently different as to be only applicable to the interval of
results manitored by each 1QC.concentration level. Relative uncertainty (u..,) can be more consistent acrpss
concentratfion intervals than is.dbsolute uncertainty (u).

NOTE 4 |Dissolving a lyophilised IQC material introduces a spurious contribution to the estimation of MU. The
laboratory|should intrediice adequate procedures to minimise this uncertainty contribution.

Additional attributés to be considered in selection of suitable IQC materials for estimating uy,, inclyde
but are ndt limited to:

matetialprevidedpreferably-by-athi

of the measuring system);

neoad +a ~hacly 4-}.

arm-that a
JUIIT LITdU UoLuUu LU LIICUIv LIICe o

Henment

— material that closely resembles authentic clinical samples (ideally a commutable material);

— material(s) with an amount of substance (measurand concentration) appropriate to the intended
medical application of the analytel2el,

6.3 Effect of reagent and internal quality control lot changes on estimating uncertainty

The assumption that human samples and IQC materials behave similarly in a measuring system with
each different lot of reagent is not always valid. Differences are typically due to changes in the matrix-
related influence of IQC with different reagent lots that is not observed for human samplesl2Zl, In
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addition, different IQC lots can have different amounts of a measurand caused by IQC manufacturing
processes.

A lot change of either IQC or reagent that causes a significant shift in IQC absolute values without a
matching change in human sample results may produce an over-estimate of MU not applicable to
human samples. Such an over-estimation occurs if the IQC values obtained before and after such a lot
change are treated as a single data set for calculation of uy,,. Therefore, in this situation, the IQC values
obtained before and following such a lot change must be collected separately and the ug,, for each
calculated separately, and only if assessed as compatible, can they be combined to obtain an overall
Ug,, (see A.3). It is therefore essential to demonstrate that both IQC and human sample results behave
sir an sample
res A.

li‘ldl ‘l_y fU}}UVVills d 1 cagt:ut lut L}ldllsc. Ful t}l';'l guiddubc Ull VvCl1 lfy ills lJCl fUl IIIdI1ICT fUl Ilulll
ults following reagent lot changes is available in CLSI documents C24, 4th edition and EP24

MU is typically estimated for:

Precision under repeatability conditions (u.). Usually undertaken durin@,verificatign of IVD
manufacturer claims for analytical performance, or validation of perfarnmance for a laboratory
developed measuring system, and documents the smallest uncertainty achievable by the measuring
system when operated by the laboratory (see A.2.3). This uncertainty\will be an underestimate of
the actual MU expected during daily or regular use of a measuring'system.

—| Within-laboratory precision for a period sufficient to include mest changes to measuring ¢onditions
(ugy), also called long-term precision. This uncertainty wilkbe d suitable estimate of the uncertainty
expected during daily or regular use of a measuring system. It may take some time to agcumulate
sufficient IQC data to capture the uncertainty effects of most changes in measuring confitions. In
such situations interim estimates are appropriate, buit will require re-calculation as fufther data
become available (see A.2.2).

6.4 Laboratories using multiple measuring systems for the same measurand

A busy laboratory may use more than one-of the same measuring system for the same meagurand, so

th{t human samples can be analysed on any one of them. It is reasonable to estimate an averjage u that

cap be applied to the results irrespective of the measuring system used. For this purpose,|ug,, must
be|estimated separately for each mieasuring system, and then a pooled average can be calcylated (see

A.3). Medically significant systematic bias in results for human samples between several feasuring

5%

tems should be eliminated{iand the uncertainty of the mean residual bias should be comljined with
th¢ imprecision uncertainty(see C.6 and C.5 and C.6).
6.5 Uncertainty gfend-user calibrator values (u_,)
Engd-user calibrator values have uncertainty (u.,) because their assignment require§ the use
of [measurement procedures (see C.4). Values for u, should be obtainable on request |[from IVD
mgnufacturers. In cases where the laboratory is the manufacturer, the laboratory is respqnsible for
defermining u,;.
Whete a manufacturer provides a value for u.,, it must be a combination of all uncertainties iptroduced
by i i i ITTTT i i i reference

(calibrator or measuremement procedure) down to the assigned value of the calibrator for the end-user
IVD medical device.

A change of the I[IVD-medical device calibrator lot may systematically change IQC mean values due to lot-
to-lot variability of the assigned value of the calibrator, resulting in an increase in the overall MU which
should be captured by ug,,. Generally, the values obtained for human samples will similarly change with
a change in an IVD-medical device calibrator lot that results in a shift of IQC values. The u_,, provided
by manufacturers typically does not include the calibrator lot-to-lot variability, consequently, the IQC
values obtained before and after several calibrator lot changes have to be treated as a single data set
to ensure that the estimate of up,, includes the calibrator lot-to-lot component of uncertainty. In some
cases, a single lot of calibrator may be used for an extended time interval and the initial estimate of ug,,
for the measurement procedure is based on available IQC data without a calibrator lot change. In such
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cases, the value of up,, may be underestimated and should be revised after one or more calibrator lot

changes h

NOTE 1

NOTE 2

ave occurred that reflect similarly shifted results for human samples.

If calibrator lot-to-lot variability has been included in the u_,, value provided by the manufacturer, MU
can be calculated as in example A.3

For some calibrators a comprehensive u_, is technically unavailable. For example, some international
conventional biological reference materials are characterized by a specified biological activity, and their assigned
values are expressed in arbitrary measurement units, e.g. International Units (IU), without a stated uncertainty,
which may produce an underestimate of the applicable MU.

6.6 Measurement bias

IVD manufacturers are responsible for ensuring that their end-user measurement procedures-exh

minimal,
should re
availablel

medically acceptable measurement bias relative to the appropriate reference.,Laborator

bularly monitor measurement bias by participation in an appropriate EQAG¢heme wh
1]

It is impaortant to consider how results are used medically for a given measufand, as this can h
guide how comprehensive the MU estimates need to be. If results are intendédyto monitor changeg
an individual over time, or are interpreted relative to in-house determined reference intervals, th
bias corrdction may be unnecessary for appropriate medical interpretation. If results are interpref
relative tq externally determined biological reference or decision limits, then elimination of medica

significan

Any resul
be captur

[ measurement bias is important to ensure appropriate médical interpretation.

f variability due to small changes in bias that may occuyr in laboratory service over time V
ed by ug,,. If ongoing EQA surveillance indicates thé 'introduction of a medically signific

measurenfent bias, it is the responsibility of the IVD manufacturer, or the laboratory in the c

of labora
manufact
manage s
calibraton]

fory-developed measurement procedures, te ‘take immediate corrective action. If
irer is unable to rectify an unacceptable bias, the laboratory may, if local regulations pern
lich measurement bias by applying a cornection factor to the results or by re-assignin

have uncg¢rtainty (uy;,;). When the laboratory-implements a correction for a medically signific
measurenpent bias, the laboratory should-eéstimate and account for uy;,¢ in the estimate of u(y). T
circumstance is discussed further in C.5.anhd C.6.

NOTE

Some national regulations require measurement procedures to be performed exactly according

manufactulrer’s instructions and thefefore may prohibit the adjustment of end-user calibrator values or the

of correcti

n factors for the purpgse of eliminating medically significant measurement bias.

6.7 Prdcess overview for estimation of measurement uncertainty

Combinin

b the concepts introduced in 6.1 to 6.6, provides a stepwise procedure for estimating MU

shown in Figure 3
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) MEASURAND
) MAXIMUM ALLOWABLE MU

y

6.8 Re-estimation of measurementuncertainty

Apprt from updating interim estimatgs, there is no need to re-estimate MU if IQC and EQA pel
refain within specifications. Re-estimation of MU should be undertaken if there has been a 5
chiinge in a measuring systeniior a new measurement procedure is introduced.

6.9 Qualitative results based on numerical results

Sone measurement-procedures incorporate a measurement step that generates a measured

is ¢
for

if fhe sample)is reported as positive or negative for serum hepatitis B surface antigen. For ¢
of impredision (ug,,) of the measurement step, the output data generated by the appropri
handléd'in the same way as described for procedures that report quantitative results. The
expanded uncertainties may be used to delineate ‘uncertainty zones’ around the negative/pqg

™| LABESTIMATES ug, = B uly) =V(uk)
L | LABREQUESTSu, Uy O

FROM IVD — PROVIDED? yes B u(y) =p(ub + u,

MANUFACTURER N
MEDICALLY
SIGNIFICANT no
BIAS >
PRESENT?
no
* yes
MANUFACTURER iMa LA J
| ESTIMATES & < u(y) = V(i + 2
—_— bias ¢
yEs . RESOLVES BIAS? =~ STIMATES Sos :ESTIUMATES —_— 1
BIAS ) bias

Figure 3 — Overview — Typical pathway for estimating measurement uncertair

ompared withra/cut-off limit, the outcome of which is reported as text; e.g. rate of fluoresce
mation by a,human sample relative to that by an index calibrator, expressed as a ratio, to

2019(E)

—

|+ U

Ity

-formance
ignificant

value that
ht product
letermine
stimation
ate 1QC is
ralculated
sitive cut-

offs, e.g. negative, probably negative, probably positive, positive. In these cases, estimating uncertainty
at measurement signal values other than those near the decision limits is unnecessary.
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6.10 Uncertainty of counting entities

Counting of entities is a measurement (JCGM 200:2012, 2.1, Note 2). As such, MU associated with
counting of entities should be estimated, e.g. number concentration of particular types of blood cells

per volum

EXAMPLE

e of blood; number of tissue cells per amount of sample.

If a microscope with a counting chamber is used to manually perform a differential count of white
cells in a stained blood smear, the counts obtained may conform to a Poisson rather than a Gaussian distribution
if the cell type is a small proportion (usually <10 %) of the total cells counted. In such situations, the cells to be
counted are randomly distributed in the counting squares, so that each count of a specific cell type is assumed to
occur randomly in space and time and to not interact with each other e.g. clumping. For a Poisson distribution,

the varian

e of a count is equal to the count. Therefore, the SD = Vcount.

6.11 Limitations of measurement uncertainty estimates

The magn
under-est
for compa
results pr

bduced by different measuring systems for the same measurand.

itude of the estimated MU, u(y), for results produced by a given measuring System may|be
mated due to incomplete information. A u(y) known to be underestimatedycan still be uged
ring results produced by that specific measuring system, but should not’be used to compare
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Annex A
(informative)

Worked examples of estimating measurement uncertainty

A.f—Imtroduction

Following are worked examples for the estimation of measurement uncertainty (MU) for'med

surement

procedures typically undertaken by medical laboratories across a range of medical laboratory
diqciplines. The examples selected were chosen because they are illustrative of comihonly enfountered

challenges in performing calculations to estimate MU in medical laboratories.(The included
ar¢ not intended, nor is it possible, to provide in this technical specification.a comprehensive
of [MU calculations across the full range of medical laboratory disciplinés and technol

examples
overview
gies. The

alipnment between concepts discussed in Clause 6 and the worked examples in Annexes A and C is

sh¢wn in Figure A.1.

As| stated in 5.4, rounding should be performed only on the final calculated estimates;

never on

intermediate calculated values that comprise inputs to subse€quent and final calculationg. All final
percentages (estimated relative uncertainties and estimated relative expanded uncertdinties) as

reported in the following worked examples were calculated using un-rounded figures. Due td

rounding

of [the final percentages, discrepancies may thereforé<eccur between sums of component jtems and
totjals reported for final relative uncertainties. To cleaply illustrate the proper calculation of component
items in the worked examples, component uncertainties have been reported in the workedl example
tables with additional decimal places to the extent necessary to eliminate the impact of intermediate

rofinding on final uncertainty calculations.
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It should
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standard
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An estimatte of expanded uncerfainty, U, provides an interval of values that are possible for a measura
h an actual measurement result and based on the information available about the analytical
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performa
confidenc
is considd
represent
although

v Annex A.2.2. A.3.3,A.7,
B REQUESTS u,, A.8,A.12,A.13

cal

u
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\NUFACTURER A

MEDICALLY:
SIGNIFICANT no
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~ >

) * es no QO
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LAB- LAB )

ANUFACTURER ESTIMATES & VO 1 i
ESOLVES BIAS? ———#= CORRECTS > yas ™ | ESTIMATES e u) = VW i )
BIAS U,

e A.1 — Overview of typical pathway for estimating measurement uncertainty with
reference to specific worked examples in Annexes A and C

be noted that to ensure a consistent approach the worked examples all commence W
the basic parameter of the standard measurement uncertainty (u) without a sign.

in 5.5, users may find it more practical to perform MU calculations by direct use of relat
incertainty (u,) for eachrcontributing standard uncertainty (See worked examples A.7, A
/).

ice of the megsurement procedure used. Estimates must be accompanied by a stated leve

red Gaussian, so that a measurement result is assumed to have the highest probability
ng théwvalue of the measurand, and other values in the interval have lower probabilit
bne‘ofithem could be correct. Uncertainties may be under-estimated if required informat

ith

jve
.8,

nd,

of

b, typically-dpproximately 95 % confidence’ when k = 2. The distribution of possible valyies

of
ies
on

is incomp

etel

The following clauses illustrate the basic statistics required for estimating uncertainties, and their
application in a variety of commonly encountered medical laboratory situations. It is not possible to
cover all combinations of uncertainty sources that arise in medical laboratories, however the principles
illustrated below can be applied as required.

It is important to note that meaningful comparison of results produced by different measurement
procedures for the same measurand may not be possible due to differences in the metrological
traceability of the values reported on patient samples for the different measurement procedures.
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A.2 Basic calculations

A.2.1 Standard deviation and variance (see 3.36, 3.40)

Variance (02) is a measure of the spread between numerical values in a data set, indicating how far each
is from the mean, and is calculated by taking the difference between each value and the mean of the
data set, squaring each difference (to make them positive) and then dividing the sum of the squares by
the number of values in the set minus 1 (degrees of freedom).

The square root of variance is termed the SD, whlch has the practlcal advantage of having the same
mqa ' | flivided or
myltiplied together, and therefore SD2 (varlance 02) is the necessary calculatlon when fombining

different components of MU.
The calculation of a variance is performed according to Formula (A.1)

sD?= 62 = [z(x,.—i)z}/(n - 1) (A1)
where

n  =sample size (number of values in the series);

¥ - sample mean;

x; =individual values of x in the data set;

0?2 =variance;
¥ =summation of all values in the seriés.

A Yariance of 0 indicates that all the values in the data set are identical, while a large variance means
sofmne of the individual values are far.from the data mean and from each other. The use of yariance is
linjited by the fact that the unit asSociated with variance is the square of the measurement yinit of the
data used. However, the statistical advantage of variances is that they can be added, subtractdd, divided
anfl multiplied together.

A.2.2 Example — Calculation of uy, under long-term precision conditions

A given measurement procedure operated within manufacturer’s specifications, using the sgme lots of
redgent and calibrator, produced 342 values over several months for the same lot of IQC materfal. Having
demonstrated.that the 1QC material behaves similarly to typical human samples in the megsurement
procedure,swe are interested in quantifying the dispersion of the 342 results obtained by ilepeatedly
mgasuring-the same lot of IQC material under long-term precision conditions. Because the laboratory
haj evidénce that the measurand in human samples and the measurand in the IQC material bghave very
sithilarly in the employed measurement procedure, the SD calculated for the IQC values can reasonably
be Taken as the u of results produced for typical human samples. Calculation of u to be applied to human
sample results is presented in Table A.1.

NOTE The SD is used for the IQC results as a measure of the uncertainty expected for human samples.

Table A.1 — Example calculation of u under long-term precision conditions

Component (Analyte) Sodium
Measurands Amount of sodium concentration in serum, plasma, urine
Measurement unit mmol/1
Measurement method sodium selective electrode - Indirect
Measurement procedure Model P2, consumables: X Pty Ltd. See Quality Manual.
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Table A.1 (continued)
Component (Analyte) Sodium
Calibrator traceability SItraceable - SRM 919b
Calibrator uncertainty (u,)) 0,71 mmol/1
Bias Assessed by EQA- commutable material with target value set by ISO 15195
accredited reference laboratory: Average bias not medically significant
Intermediate precision Plasma IQC Level 1 Plasma IQC Level 2 Urine 1QC
Lot 576 Lot 586 Lot 884
Data colleftion period 2012-02-09 to 2013-05- [2012-02-09 to 2013-05- [2012-02-09 to 2013-01-
13 13 13
N 342 338 122
Mean value mmol/1 134,8 149,8 86,4
Up.,(Na) mimol/I 0,85 0,87 0,99
u(Na) = V(pu2g,, + u?.,)) mmol/l [V(0,852+0,712) =1,11  |v(0,872+0,712) =1,12  [V(0,99%% 0,712) = 1,22
U(Na); k =[2; mmol/I 2,22 2,24 2,44
% U, (Na] 1,6 % 1,5% 2,8 %
Applied to patients’ results +1,6 % +1,5% +2,8%
(=95 % copfidence)

A.2.3 Example — Calculation of u (y) under repeatability.conditions

A medica

same pati

ent produced in the same analytical runt

application for estimation of u, under repeatability’conditions is presented in Table 4.2.
For the iftra-operative comparison of parathyroid hormené (PTH) results for patients undergo
parathyrd

ng

idectomy, results for the same patient on sequential independent samples can be compared
within th¢ same analytical run. Three different concentrations of IQC material are measured to obt
the u. undler repeatability conditions. Bias evaluation is not required for comparing results from

hin
he

20 aliquots of each of three levels of matrix-matched IQC material were evaluated. The mean and ST} of
the 20 IQ( values were calculated for each.dQC level. The SD value is taken as the standard uncertainty

under reppatability conditions, u,.(PTHg, for each level. The estimated value for u,(PTH) was considefed
by the labjoratory to apply to the same’intervals of PTH values as the measurand ranges monitored|by
the respegtive levels of IQC.
Table AL2 — Estimation of4 (y) under repeatability conditions for a new plasma parathyroig
hormone measurement procedure
Component (Analyte) Parathyrin — Intact (Parathyroid hormone; PTH)
Measuranf Amount of intact parathyrin concentration in serum
Measuren]entunit pmol/1
Measuren]entimethod Two site sandwich chemiluminescence immunoassay
Measurement procedure Manufacturer Z Ltd.; Instrument AB, Manufacturer Z Ltd. See Proce-
dure Manual for antibody specificity.
Calibrator traceability Assigned value traceable to WHO 1stIRP 95/646
Calibrator uncertainty (u.,) Not required for comparing several results from same patient obtained

in same analytical run

Bias Not medically significant based on EQA performance
Repeatability study: Human serum IQC measured in same analytical run
Level 1 Level 2 Level 3
IQC monitors interval: pmol/1 <10,0 10 to <50 =50
N 20 20 20
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Component (Analyte) Parathyrin — Intact (Parathyroid hormone; PTH)
Mean: pmol/l 2,1 21,4 122,0
u.(PTH), pmol/1 0,044 0,40 3,15
U.(PTH) pmol/L; k=2 0,088 0,80 6,30
% U, (PTH); k=2 4,2 % 3,7% 52%
Applied to patients’ results (95 % 4,2 % +3,7 % 52 %
confidence)

The repeatability standard uncertainty, u,, provides useful initial guidance on the resut
evaluating if the measuring system will be suitable for wider medical use. Because_the v3
MU under repeatability conditions does not include variability from additional expected
variability in routine use, the u(y) estimated in this example is not applicable tosthe unce
lorjg-term precision conditions for other medical uses of PTH values.

A.2.4 Combining independent standard measurement uncertainties

Two or more different sources of uncertainty within a measurement process may sig
contribute to the overall MU of a result, so there can be a need, te"combine two or more
unfertainties to estimate the overall (combined) uncertainty of a measurement result.

SDk (u) cannot be summed, subtracted, multiplied or divided,/To combine the standard ung
arising from different components of the overall measurement process the standard uncer
eath of the contributing components must first be converted to variances, where variance
Nojte that u values are always positive.

MU when
lue of the
ources of
tainty for

nificantly
standard

ertainties

tainties of
= SD2 (u?).

Stgndard measurement uncertainties are combined according to one of two rules, depending on how

the contributing measurements relate to each.@ther in the formula that calculates the desirec

Rule 1: Combining independently estimated absolute standard uncertainties
The combined uncertainty is calculated’as the square root of the sum of the contributing vari

EX
un

prd
acq

AMPLE 1 Calculatien’ of the overall standard uncertainty, u(y), for measurand Y
fertainties determined for the-calibrator (u.,), a bias correction (uy;,) and imprecision under
cision conditions (ug,,): The.contributing uncertainties are first expressed as variances prior to thg

ording to Formula (A.2).
2 2 2
\/(u cA T U pias TU Rw)

where

u(y)vis the overall standard measurement uncertainty;

result.

ances.

comprising

long-term
ir addition

(A.2)

i r\nd to thn Ca]i}'\rafnr;

—cal

Up;,s IS the uncertainty of any bias correction;

Ug,, I1stheimprecision of the measurement procedure under long-term precision conditions.

For a given measurement procedure let: u 0,11; uy,;,s = 0,090; up,, = 0,43 mmol/l. Perfo

calculation per Formula (A.2):
u(y) = V(0,112 + 0,0902 + 0,432)

cal =

u(y) =(0,012 1 + 0,008 1 + 0,184 9) =/0,205 1
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u(y) = 0,45 mmol/1
EXAMPLE 2 Standard uncertainty of a measurand value calculated by addition and/or subtraction
of several measurand values - e.g. Plasma anion gap (AG), where AG is calculated per Formula (A.3):
AG mmol/l= ([Naﬂ mmol/l + [KJ“J mmol/l) - ([cr} mmol/l + [Hcog] mmol/l) (A.3)
Let plasma:
— [Na+][= T43 mmol/I
— [K+] 44,0 mmol/]
— [Cl-] § 104 mmol/]
— [HCOB-] =22 mmol/1
AG = (143+ 4,0) - (104 + 22) = 21 mmol/]
Let:
— u(Na4) = 0,90 mmol/I
—  u(K+)|= 0,040 mmol/];
— u(Cl-)|= 0,78 mmol/1
— u(HC(Q3-) = 1,22 mmol/]
NOTE The u value for each electrolyte should include ug;; and u ), and uy,;,, if relevant.
Step 1. Each contributing u is first expressed as agariance (u2).
u?(Na*) =,81; u?(K*) = 0,001 6; u?(Cl) = 0,6084; u?(HCO;5") = 1,488 4
Step 2. The variances are added together; regardless of whether the absolute measurand values are
added or gubtracted in the calculation.of AG. The sum of the variances gives the combined variance ffor
the calculpted AG.
Step 3. The square root of the €ombined variance gives the overall u for the calculated anion gap, u(AG).
u(AG) = V{0,81 + 0,001 6 +0;608 4 + 1,488 4) =/2,908 4 = 1,705 4 mmol/I
Step 4. If ¢overage factork = 2 is selected, then expanded uncertainty (95 % confidence) is determined
as: U(AG)# 2 x 1,705 = 3,41 mmol/]
Applied tq patients’ results: U = £3,41 mmol/l = £16,2 % at an AG = 21 mmol/]
Result: AG=21+3 41 mmol/lor+162 % =[21 - 341 t0 21 + 3 41] = [1759 ta 24 24] = [18t0 24] (k 2 2;
%95 Y% level of confidence)
EXAMPLE 3  Calculated plasma osmolality, where plasma osmolality (Osmo) is calculated per Formula (A.4):
Osmo/l = [2 X Na+mmol/l} + [ureammol/1] + [glucose mmol/l] + 9 (mOsmo/1) (A.4)

Measured

values and standard MU values (u) for each component in human sample A:

Plasma Na = 130 mmol/l, u(Na) = 0,98 mmol/]; plasma urea = 6,5 mmol/l, u(urea) = 0,19 mmol/I; plasma
glucose = 5,2 mmol/l, u(glu) = 0,090 mmol/1
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Plasma Osmo_,;. = (2 x 130) + 6,5 + 5,2 + 9 = 280,7 = 281 mOsmo/1

calc —

The contributing MUs for each measured component propagate through to the final measured values
and the calculation of Osmo according to their mathematical relationship in the formula for the

calculated results. For the calculation of u(Osmo):
Step 1. Convert each component u to its variance (u2)

where

u2(Na) =0982 = 0960 4;

u?(urea) =0,192=0,0361;
u?(gly)  =0,0902 = 0,008 1.

St¢p 2. Calculation of plasma osmolality per Formula (3) multiplies the sodiuntconcentrati
ac¢ount for matching anions, but the variance for sodium is not similarly treated because t}
copcentration cannot be independent of itself, and therefore the varianee w2(Na) is multip
ThL additional factor 9 is assumed to have no uncertainty. Therefore; u(Osmo

Formula (A.5).

calc

u(0smo . ) = \/(ZZXUZ(Na) +u” (urea) +u2(glu))

u(0smocyc) = V(22x 0,9604) + 0,0361 + 0,0081) = V3,8858 = 1,9712mOsmo/I
U(Osmo ) = 3,94 mOsmo/l (k= 2; =95% level of confidence)

%U e (Osmo ) = (3,94/280,7)x100 = 1,4%

man sample A, Osmo_,. = 280,7 *+ 3,94 mQsnio/l or + 1,4 % = [280,7-3,94 to 280,7 + 3,94] =
28,64] = [277 to 285] (k = 2; 295 % level aficonfidence)

bn by 2 to
he sodium
ied by 22.

) is calcyilated per

(A.5)

[276,76 to

Rule 2: Combining independently 'estimated absolute standard uncertainties, when the

me¢asurement formula requires the component uncertainties to be multiplied or dividg

If 3 measurement formula requires contributing independent standard uncertainties to be
or [divided, the component-uncertainties must be expressed as relative standard uncertaint
applying rule 1.

EXAMPLE 1< “)Calculation of a standard uncertainty involving division (ratio) of two independent

Sppturine calcium to urine creatinine ratio is calculated per Formula (A.6) as:

d.

multiplied
ies before

E 1 When'users are comfortable combining contributing standard uncertainties to obtain an overall

y for each

measurand

urine calcium to urine creatinine ratio = [U ca ] / |:U Crea]

where
[Ucal is the urine calcium amount of substance concentration in mmol/l;
[U.rea] is the urine creatinine amount of substance concentration in mmol/l.

Patient sample: [U_,] = 6,40 mmol/]; [U,..,] = 2,30 mmol/], [U_]/[U,

crea

1=2,78

Because the calculation involves division, the two contributing uncertainties are expressed a
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Let:

— u[U_.,] = 0,040 mmol/I (calculated for IQC mean concentration 2,71 mmol/I)

— Y% u.glU.] = (u[U,]/[U.,]) x 100 = (0,040 0/2,71) x 100 = 1,476 0 % = 1,5 %

— u[U,¢,] = 0,150 mmol/I (calculated for IQC mean concentration 6,17 mmol/1)
— % Up[Uereal = W[Ucreal /[Ucrea]) x 100 =(0,150/6,17) x 100 = 2,431 1% =2,4 %
— % Upgy[U..]/[Uereal = V(1,467 02 + 2,431 12) = 2,839 4 % = 2,8 %

— % U [Ual/[Ucreal = (2,839 4 %) x 2=%5,7 %, k=2 (=95 % level of confidence)

For a humjan sample result, expanded percent uncertainty, % U for U_,/U. .,
of confidepce), or if the absolute expanded uncertainty value is required:

=2,78+5,7 % (95 % leyel

Conversiopn from % u,.[U.,]/[U. eal to ulU.,]/[U,

rea] 1S performed as follows:

— u[(l)]c(;d/[ Z‘rea] ((% urel[Uca]/[ crea])/loo) [ ]/[ crea] for the human sample (2 839 4’/100) x 2)78
— UU}/[Ueren]; k=2,=0,078 94 x 2 = 0,157 9 = 0,158;

— Humgn sample result: U[U_,]/[U e.l = 2,78 = 0,158 (%95 % level of.confidence);

crea.

— % U, [U.a)/[Ucrea] = (0,158/2,78) x 100 = 5,683 = 5,7 % (95 %.level of confidence).

EXAMPLER  Calculation of combined standard uncertainty ‘involving multiplication and division| of
contributifjg independent uncertainties.

Creatining¢ clearance is calculated from measurements of serum/plasma and urine creatinjne
concentraftions in a timed (usually 24 h) urine collection as shown in Formula (A.7).

U x Uy
Creatinine clearance (Cly.e, ) = Werea °L ml/min A7)

[ crea]Xt

Let:

—  [Perea] = 146 pmol/I1

— [Uqreal =2 900 pumol/1

— Uy =[2 421 ml

— t=24h x 60 min=1 440 min

— (I —M:33’4 m]/mln

creal ~ 146 x 1440

Step 1. Calculation of creatinine clearance involves multiplication and division of the measured values;
the standard uncertainties of the measurand values must first be expressed as relative standard
uncertainties (u,,)

Let the standard uncertainty (u) from IQC data for each measured value be:

P

crea*

—  U(P.res) = 1,438 pmol/I for mean IQC value of 70 pmol/1; % u,.j(P.eq) = (1,438/70) x 100 = 2,05 %
U,

crea*

— u(U

crea)

=138,0 pmol/lfor meanIQCvalue of 6 060 pmol/1L; % u,.. (U,

crea)

=(138,0/6 060) x 100 = 2,28 %
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U

vol*

— Measurement error subjectively assessed by laboratory as 2 421 ml + 100 ml

The above estimate of volume error of +100 ml (range of 200 possible values) is a professional ‘estimate’
by the laboratory and not a standard uncertainty by experimentation. Therefore, a decision is required
as to whether the actual measured volume is likely to be:

— any value between -100 ml and +100 ml of measured value (rectangular distribution), or

— more likely to be close to the stated measured value (triangular distribution).

A Jnore complete discussion of rectangular and triangular distributions is available in\EURACHEM/
CITAC Guide CG4:2012.

Th[ laboratory considers the first option to be more credible.
ThE SD of a rectangular distribution = (range of possible values/2)/v/3

u(y0) = (200/2)/V3 = 57,7 ml; % u,(Uyo)) = 57,7/2 421 = 2,40 %

—

(Ifla triangular distribution is thought more likely, calculation would be (200/2)/V6).

t (fime): Error assessed by laboratory as 24 h + 0,5 h, assumed rectangular distribution
0,9 h = 30 min, range = 60 min u(t) = (60/2)/v3 = 17,32 min

% Yo () =17,32/1 440 = 1,20 %

rel(CIcrea) = \/[uzrel(Pcrea) + uzrel(Ucrea) + uzrel(Uvol) + uzrel(t)] = \/(2'052 + 2'282 + 2r4'02 T 1'202) =
4,074 4% =41%

% .oy (Cl.c.) = 8,148 8 % = 8,1 %, k = 2
U(€l....) = 33,4 x (8,148 8/100) = 2,721.7 ml/min = 2,72 ml/min

Patient result: 33,4 + 2,72 ml/min (R95 % level of confidence).

A.B Measurement uncertainty across changes to measuring conditions

A.3.1 General approach to calculation

To|collect adequateQC data under long-term precision conditions it is likely that one or mpre lots of
reggent, calibrater’and IQC are exhausted and new lots are introduced. It is essential that uncertainty
esfimates should account for the impact of such changes to measuring conditions.

Laporatoeries with large workloads may use two or more identical measuring systems for|the same
mdgastrand, so that human samples could be analysed on any one system. In such situations, Jt is useful
to estimate a MU that is applicable to all results regardless of which measuring system is use

A change in measuring conditions that introduces a significant measurement variation relative to values
obtained under previous conditions that is not also observed for human samples could inappropriately
increase the SD if the IQC values were treated as a single set.

When a new IQC lot is introduced, it is likely to have a mean value different from the previous lot.
Therefore, when IQC lots are changed, the IQC data must be collected, calculated and evaluated
separately prior to combining the data with that of previous IQC lots.

When a new lot of reagent(s) is introduced, it is essential to check that if a change in IQC values occurs
it is matched by a similar magnitude of change in values obtained for a panel of typical human samples.
If the values for both IQC and the human sample panel are not significantly changed, or show the same
magnitude of shift in values, then the IQC values obtained for the old and new reagent lots can be
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treated as a single data set. However, if only the IQC values show a significant change, then the old and
new IQC values must be collected and SDs calculated separately prior to determining how the data
should be pooled.

Introduction of a new lot of calibrator is expected to cause only small changes in measurement results
for both human and IQC samples within a specified interval. Therefore, separate collection and
calculation of IQC data is not required unless the calibrator manufacturer introduces a significant
change in absolute values for human samples through a process of re-standardisation of the calibrator
value. Calculation of the IQC data as a single set across the calibrator lot change will capture, as a
random error, the variability of human sample results due to the calibrator change.

It is therefore essential:
— for eafch different condition of measurement, to determine if IQC values require separate freatment

— to calfulate the mean and SD for each separate IQC data set if IQC values among different conditigns
of mepsurement require separate treatment

— tocalgulate the SD (ug,,) either by using a single data set comprised of all IQC valués or by calculatjng
SD (ug,,) by pooling the individual SDs from the IQC data for each conditionte.obtain an average yz,,
if IQCJvalues among different conditions of measurement do not requireSeparate treatment

EXAMPLE
Over time 4 measuring system had two changes of IQC lot, and one lot change of reagent that caused a changg in
measured Values for IQC but not for the human samples. A change in calibrator lot and a preventive maintenahce

of the megsuring system did not affect IQC or human sample values:'In summary, there were a total of flive
changes tojmeasuring conditions, three of which required separate cellection of IQC data.

Let:
— IQCLptl=uy

— IQCLpt2=u,

— Reaggnt Lot change = u3

— Calibgator Lot change, maintenance

If the number of IQC values obtained for each measuring condition (n;, n,, n3) are reasonably similar
(balanced]), Formula (A.8) cambe used to calculate the average standard uncertainty across the
changing measuring conditigns:

\/ uzl +u22 +u23

; (A.8)

Poolefl average up,y

Under cirpumstances where there are very large differences in the number of IQC data points |(n)
between ¢lifferent measuring conditions (e.g. among multiple instruments, among multiple IQC Iqts,
among multipte—reagentiots—etef—caleutation—of-the—pooled—average—up,,may beperfoermed—with
weighting of ‘n’ for each logical sub-group of data. In this circumstance, alternative approaches may be
applicable.

A.3.2 Estimation of u(y) using multiple lots of reagent, where internal quality control
shifts are observed without a corresponding shift in patient values

EXAMPLE
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An immunoassay for intact parathyroid hormone (iPTH) was evaluated prior to each new lot of reagent entering
service, using both a panel of human samples and IQC materials, and including both the outgoing and new reagent
lots. At each reagent lot changeover it was found that results for patient panels were not significantly changed,
but the IQC values were at times significantly changed. To guard against obtaining a misleading estimate of the
IQC SD by analysing as a single IQC data set across all reagent lots, the IQC data were collected and analyzed
separately for each reagent lot, as shown in Table A.3. Since the number of IQC data points, n, obtained for each
reagent lot was similar, the contribution of each IQC data set to the pooled average variance was treated equally
(balanced) in calculating the ug,,, without weighting for n, and calculated according to Formula (A.8).

Table A.3 — Evaluation of IQC data among multiple reagent lots, with no significant shift in

patient data
il |

Parathyrin — Intact (Parathyroid hormone; iP'l|H)

Component (Analyte)

pasurand Amount of iPTH concentration in serum

Pasurement unit pmol/l1

pasurement method Two site sandwich chemiluminescence imniuhoassay

M
M
M
M

pasurement procedure Manufacturer Z Pty Ltd. See proceduredanual for antibody

selectivity and limitations
Assigned value traceable to WHO-1st' IRP 95/646

Callibrator traceability

cdlibrator uncertainty (% U,)), k=2 21%

Bigs Not medically significant relative to EQA peer group
IQC matrix: Human serum Level1 Level 2 Level 3
IQC monitors interval: pmol/1 <10,0 10,0 - <50,0 >50,0
Rgagent Lot no. 66 Data collection:'5/03/15-29/11/15

N 138 118 106
Mg¢an: pmol/l 2,13 16,85 58,45
ugl,(66) pmol/1 0,094.0 0,504 1,726
Rgagent Lot no. 67 Data collection: 30/11/15-21/05/16

N 142 139 142
Mg¢an: pmol/l 2,11 18,08 62,00
ugl,(67) pmol/1 0,0880 0,558 2,033
Rdagent Lot no. 68 Data collection: 22/05/16-03/09/16

N 129 126 120
M¢an: pmol/] 2,17 18,69 64,26
ugl,(68) pmol/l 0,092 0 0,643 2,157

Level 1: V[(0,094 02 + 0,088 02 + 0,092 02)/3] = 0,091 37 = (,091 4
Level 2: V[(0,5042 + 0,5582 + 0,6432)/3] = 0,571 2 = 0,571
Level 3: V[(1,7262 + 2,0332 + 2,1572)/3] = 1,980 3 = 1,980

Pdoled averageup,,(PTH) pmol/1

4 4440

U 1Ll L o o o Lol Y
Rw plIlUl/ I, K =4 \(~79 70 LUlllluCllLC} -
2 X Upy,

AdQa =4 N aon
O, Toz 74 —=10;1T00

4 440
B P A I e 7

acsn 2ok
3;9606—3;961

% Ugy» k= 2,295 % confidence

= (URW/)?an) x 100

8,5525%=8,6%

6,3916%=64%

6,432 7 %=6,4 %

% U(PTH), k =2, =95 % confidence
= \/(% Uzcal + % Usz)

V(2,12+ 8,552 52)
8,806 5% =8,8%

V(2,12 + 6,391 62)
6,727 7 % = 6,7 %

V(2,12 + 6,432 72)
6,766 8% = 6,8 %
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A.3.3 General approach for estimation of uy,, using multiple lots of internal quality

control

The general approach to calculation of up,, when IQC data has been accumulated across multiple lots of
IQC material and the number of results for each lot is approximately the same is the same as described
in A.3.1. An example of a ug,, calculation of this type is shown below.

IQC Level

L Lot 47: Feb-May: n=168, X = 4,32 mmol/l, ug,, = 0,230 mmol/!

Lot 48: June-Sept: 4 -

Average X

Ugy (lots

U, (lots 4

% Upy = (

The poolg
calibraton

=186, x = #,43Tmmot/1, Uy, = 0;270 ot /1

Lot 49: Oct -Mar: n=172, X =3,96 mmol/l, ug,, = 0,210 mmol/I

: 4,24 mmol/]

2 2 2
47,48,49) = v | 2230°F 0’2;0 * 02107 1_ ) 23797759 mmol /14 0238 mmol/I

7,48,49) = 2 x ug,, = 0,475 955 18 = 0,476 mmol/1; k = 2, %95 % confidence

d average value of up,, can be combined with the stahdard uncertainty estimate for
assigned value (u,), if available, to calculate the overall Uand %Ugg; .

A.4 Pooled average standard uncertainty among several identical measuring

systems

Laboratorn
measuran
situations
any of the

The sever
value is ¢
different I
standard
calculated

EXAMPLE

IQC level
measurem
regular chg

, accounting for different internal quality control mean values

ies with large workloads may use several copies of the same measuring system for the sa
d, so that a human sample could be-analysed with any particular measuring system. In s

it is useful to estimate a single g()?) that can reasonably be applicable to results produced
several measuring systems.

hl measuring systems will usually be monitored by the same IQC lot at the same time. The ¢

hlculated separately foreach of the several measuring systems. There is the possibility d

QC mean value being obtained by each measuring system for the same IQC lot. Therefore,

incertainty of thesméan values for the IQC lot across the several measuring systems must
and included jn the calculation of the pooled average uncertainty.

| lot 50-is” concurrently used on three identical measuring systems A, B, C. It is assumed t
ent bias-for human samples between the three systems is medically irrelevant, being monitored
cks using a panel of typical human samples, and that IQC and human samples have similar imprecis

Urw/ X avg) % 100 = (0,475 955 18/4,236 7) x 100 = 11,234 1 % £ 11,2 %; k =2, =95 % confidence

he

me
ich

by

Rw

fa
he
be

hat
by
ion

in the seve

alteoacuring cuctome
cH oot T S oy o c e THoT

Step 1: For IQC data obtained under long-term precision conditions of use, calculate for each measuring
system the mean, x (A), x (B), x (C)) and ug,,(A), ug,(B), ug,,(C) of the IQC values produced by each of

the three systems. For each measuring system (A,B,C), tabulate the IQC mean (x ), number of data
points collected (n), and SD values (ug,,), as shown in Table A.4.

Table A.4 — Example matrix for tabulation of internal quality control data among multiple

identical measuring systems

Measuring system A B C

n na ng ne

40
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Table A.4 (continued)
Measuring system A B C
X X, X, X .
SD uRW(A) uRw(B] uRW(C)

Step 2: From the SDs, based on the data obtained for IQC lot 50 for each measuring system (A,B,C),
calculate the variances [u2g,, (A), u2g,,(B), ug,,(C)] for each system (A,B,C).

St

p 3: Calculate the variance, u?(A.B.C). of the three mean values among the three measuri

g systems

(A

Ste
va

wh

u

lamn)

W
sy

St

Ste
av

Iooled) is then combined with the relevant u_,, to calculate the @verall combined u(y).

B,C) for IQC lot 50.

riance, ug,,(A,B,C),

ere

pooled average combined variance = u?(A,B,C) + u?g,,(A,B,C), and

u(pooled) = V(u2(A,B,C) + u?y,,(A,B,C)).

rked example — Pooled average standard uncertainty among several identical n
stems, accounting for different internal quality control mean values

tps 1 & 2: Data matrix and calculated variances arg,shown in Table A.5.

[able A.5 — Worked example — Data matrix and calculated variances (steps 1 & 2) -

average standard uncertainty among several measuring systems, accounting for 1Q(
differences
QClevel 1,]lot 50
Measuring System: A B C
n 280 190 400
— 5,15 493 5,28
X (mymol/1)
SD 0,160 0,190 0,200
up, 0,025 6 0,0361 0,0400

bp 3: Calculatevariances for (a) among-measuring system differences in mean values and
brage imprecision variance

Caleulation of the variance, u%(A,B,C), among the three measuring system’s (A, B, C) mé
(5515, 4,93, 5,28 mmol/1) for IQC lot 50 is performed as follows:

p 4: Combine the variance of the three mean values u?(A,B,C) with the pooled average imprecision

leasuring

pooled
. mean

[b) pooled

an values

b)

X (AB,C) = (5,15 + 493 + 5,28)/3 = 5,12

= 0,176 918 = 0,177 mmol/I = u(A,B,C)

u2(A,B,C) = (0,176 918)2 = 0,0313

SD(A,B,C) =V [X(x- X)2/n-1=V X [(515-512)2 + (493 - 5,12)2 + (5,28 - 5,12)] /2

Calculation of the variance, u?g,,(A,B,C) for pooled average imprecision within measuring system is

performed as follows:
— ug,(A,B,C) =V((0,1602 + 0,1902 + 0,2002)/3) = /0,034 = 0,184 12 mmol/I
— u’w(ABC)=0,184122=0,0339

© IS0 2019 - All rights reserved

41


https://standardsiso.com/api/?name=17e1773af1087154fa615acfbfb371fb

ISO/TS 20914:2019(E)

Step 4: Combine the variances of the among-measuring system mean values, u2(A,B,C), and the pooled
average imprecision variance, u%z,,(A,B,C)

Calculatio

n of the combined variance is performed as follows:

— u(pooled) = V(u2(A,B,C) + u?y,,(A,B,C)) = V(0,031 3 + 0,033 9) = 0,255 343 = 0,255 mmol/I

— % u g (pooled) = [u(pooled)/ X (A,B,C)] x 100 = (0,255 343/5,12) x 100 = 4,987 2% = 5,0 %

— %Ure

j(pooled) = 2 x % u,(pooled) = 9,974 3 % = 10,0 %; k = 2, 95 % confidence

For an es
relevant),
measurin

A.5 Un

An altern
IQC electr
samples,

timate of the overall uncertainty, u(pooled) can now be combined with u_, and u,,
and is applicable to results monitored by IQC level 1, irrespective of whether measured
b system A, B or C.

certainty of anion gap (AG) results using internal quality control data

plyte values obtained under long-term precision to calculate AG in the-same way as for humn
vhich may better reflect the uncertainty of AG results as reported bya medical laboratory.

Step 1: IQC data is accumulated for serum/plasma electrolytes (sodium, petassium, chloride, total C

(if
on

htive to combining contributing uncertainties illustrated earlier (A.2.4¢ Example 2) is to yise

an

2)

for a time|period sufficient to include all changes to measuring conditiens.
Step 2: The laboratory’s selected formula for AG calculation and 4ll sets of IQC electrolyte values are
entered infto an appropriate spreadsheet capable of calculating AGyresults from the IQC electrolyte valyes.
The sample spreadsheet below (Table A.6) shows the firstsix’of 1 374 entries for IQC level 1 electrolyte
values angl the formula used by the laboratory information technology (IT) system for calculation of
human sample anion gaps. This approach will include; for example, small uncertainties introduced|by
automatidrounding of values by a laboratory IT system.
Tablg¢ A.6 — First six of 1374 1QC level 1 jelectrolyte data entries for calculated AG values
Hp - & :{DE{J:ES‘j—l{F5+GSj
A B c (™D E F G H
% serum QC
seqna_< ) date level 1
S Na K Cl HCO3  anion gap
)1 28/07/2014 123.3 4.09 85.9 18.4 23.09
\ 2 29/07/2014 125.6 4.17 86.6 16.9 26.27
4 3 29/07/2014 124.0 4.11 86.2 16.5 25.41
' 4 31/07/2014 123 3 409 859 16 4 2509
5 29/07/2014 123.1 4.08 85.9 16.5 24.78
6 30/07/2014 124.2 4.13 86.2 17.2 24.93

Step 3: Calculate the mean and imprecision for successive AG values for the IQC material.

Using the successive AG values shown in Table A.6, Column H, calculate the mean and imprecision
uncertainty ug,, (AG). The resulting calculated parameters are shown in Table A.7.

42
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Table A.7 — Mean anion gap value, uy,,(AG) and U (AG) for internal quality control level 1

Time period | 28/07/14-21/08/15
IQC level 1
N 1374
Mean AG (mmol/1) 25,8
Ugw(AG) mmol/] 1,45
U (AG); k=2, mmol/1 3,0

Theexpamdeduncertainty (0 foramAGresuttis =3, 0mmmot/ ]

A.p Uncertainty of results for estimated glomerular filtration rate (eGFR)

Estimated glomerular filtration (eGFR), calculated using an estimation formula requirirlg serum/
plgsma creatinine concentration, age, sex and ethnicity (Caucasian or African-American) maly improve
detection of asymptomatic chronic kidney disease (CKD). The currentCEKD-EPI formulge for the
calculation of eGFRI28] used by laboratory computing systems are shown'inTable A.8.

Table A.8 — CKD-EPI formulae for calculating eGFR, by ethnicity and sex

Ethnicity sex | S ol g/ X O /min per 15373 ]
Black Female <62 (20,7) 166 x (S./0,7)70:329 x (0,993)A8e
Black Female >62 (>0,7) 166 x (S,/0,7)71209 x (0,993)Ase
Black Male <80 (£0,9) 163 x (S./0,9)~0411 x (0,993)Ase
Black Male >80.60,9) 163 x (S,,/0,9)"1:209 x (0,993)Ase

White or other Female <62 (<0,7) 144 x (S,/0,7)70:329 x (0,993)Ase
White or other Female >62 (>0,7) 144 x (S,,/0,7)71.209 x (0,993)Ase
White or other Male <80 (<0,9) 141 x (S.,/0,9)~0411 x (0,993)Ase
White or other Male >80 (>0,9) 141 x (S,,/0,9)71.209 x (0,993)A8e

A.6.1 Estimation of uncertainty of estimated glomerular filtration rate, u(eGFR}

The uncertainty of eGFRxesults, u(eGFR), as determined with any of the published estimating formulae
is [due predominately-to’ the measurement of serum/plasma creatinine. Medical laboratpries may
th¢refore choose tO-estimate u(eGFR) by combining the uncertainties for ug,(crea) and ., (crea).
Alfernatively, lableratories may choose to directly estimate u(eGFR) as calculated and reported to reflect
the¢ expected uariability of eGFR results as reported by the laboratory. This approach will require IQC
values for sehum or plasma creatinine measurements to first be converted to eGFR values, yhich will
capture_the uncertainty of creatinine measurement under long-term precision conditions, yg,,(crea),
as well as the uncertainty of the values assigned to the creatinine calibrator, u_,(crea), and will also
captuve any uncertainties caused by the mathematical calculation of results and how the labpratory IT
system handles number rounding.

An estimate of the laboratory measurement contribution to u(eGFR) can be achieved by utilising serum/
plasma creatinine IQC data applied to a ‘phantom’ individual. An estimate of u(eGFR) can be obtained by:

— Selecting one of the above eGFR formulae (Table A.8) and creating a ‘phantom’ subject by randomly
choosing ethnicity, gender and age;

— Enter the selected formula and ‘phantom’ subject parameters into an appropriate spreadsheet;

— Copy across from the IQC record sufficient serum/plasma creatinine values obtained for a selected
IQC level obtained under long-term precision conditions;

— Calculate the eGFR for all the IQC serum/plasma creatinine values;
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— Calculate the mean and SD of the eGFR values. Take the SD as being the ug,, (eGFR);
— Combine ug,, (eGFR) with u_,(crea) in the usual manner.

This approach does not consider contributing uncertainties associated with determining the eGFR
formula itself, such as subject age and effect of multiplier terms applied in the eGFR formula. The
formulae to calculate eGFR also have an uncertainty for an individual result when compared to a
measured GFR that is in addition to the uncertainty from the creatinine measurement in the medical
laboratory. Inspection of the data for individual subjects measured GFR values used to estimate the
best-fit function to calculate eGFR reveals very significant scatter, so it should be understood by medical

of the megdsured GFR value. Consequently, the uncertainty of the eGFR for the laboratory measurément
contributjon to a given eGFR value on an individual subject underestimates the overall uncertainty in
that it dods not account for the uncertainty of the estimating formula.

A.6.2 Examples of estimated glomerular filtration formulas in a format suitable for
processipg with a typical commercial spreadsheet

For the complex calculation of u(eGFR), the process is best conducted using a commercial spreadshget,
an example of which is shown in Table A.9. For specific table columns referenced.in the worked examplles
below, alsp refer to Table A.9.

eGFR formula for females (caucasian):

IF(C2463, 144*(C2*0,011 3/0,7)"-0,329*0,993"40, 144*(C2*0,041 3/0,7)-1,209*0,993740)  (A.9)
Formula (JA.9) calculates eGFR for a caucasian female aged.40 years where a set of IQC serum/plasma
creatining concentrations are <62 pumol/l, and separately calculates for a set of IQC serum/plasma

creatining concentrations >62 umol/l (the first part;of each formula is triggered if the creatinjne
concentrIion is <stated value; otherwise the second part of the formula is activated).

eGFR formula for males (caucasian):

IF(C2481, 141*(C2*0,011 3/0,9)*-0,411*0;993"40, 141*(C2*0,011 3/0,9)*-1,209*0,993740)  (A.10)
Formula (JA.10) calculates eGFR forrajcaucasian male aged 40 years where a set of IQC serum/plasma
creatining concentrations are <80)umol/l, and separately for a set of IQC plasma/serum creatinjne

concentrations >80 umol/1 (thé first part of each formula is triggered if the creatinine concentration is
<stated v4lue; otherwise the'second part of the formula is activated).

Explanatpry Notes - Table A.9
a) Ifseryim/plasnra‘creatinine concentration is reported in:

— pmol/Fuse Formulae (A.9), (A.10) as presented here

— mg/dl, omit factor 0,011 3 from Formulae (A.9) and (A.10)

b) C2*0,011 3 = conversion of IQC creatinine values (expressed as pmol/1) located in each cell of
column C by factor 0,0113 to express creatinine value as mg/dl for use with the other components
of the formula.

c¢) Formula notation C2 in the below example identifies the data cell that happens to contain the first
result of a set of IQC serum/plasma creatinine concentrations in pmol/I.

d) Column C: The spreadsheet was set up to calculate the eGFR for each of 1 699 1QC level 1 creatinine
values collected over approximately one year for a ‘phantom’ female subject aged 40 with a serum/
plasma creatinine 263 pmol/I.

e) Column D: The eGFR calculated for the first five IQC creatinine values is shown.
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f) Column E: The formula was replaced (not shown) by that for males (Caucasian) aged 40 years, and
the eGFR calculated for the same IQC data set.
g) Column G: 1741 values for serum/plasma creatinine 1QC level 2.
h) Column H: Calculated eGFR values using the same formula as for column D.
i) Column I: Calculated eGFR values using the same formula as for column E.
Table A.9 — Example spreadsheet for calculating u(eGFR)
SUM »(© X & £ =IF(C2<63,144*(C2*0.0113/0.7)2-0.329%0.993440,144* (C2*0.0113/0.7)1-1.209%0.993429
A B C D E F G H | J o
serum eGFR eGFR serum eGFR eGFR
1QC creat female male 1QC creat female male l
1 |seqno  date Levell >62sCr >80sCr Level2 >62sCr  >80sCr O\
2 1 28/07/2014 79.9 79.9 106.3 ss2.4 7.7 10.2
3 2 29/07/2014 82.3 77.1 102.3 537.0 8.0 106
43 29/07/2014 82.2 77.2 102.5 5402 7.9 10.5 £~
5 4 29/07/2014 82.9 76.4 101.4 5425 7.9 105,
6 5 29/07/2014 80.9 78.7 105.8 5401 7.9 (105
Table A.10 shows the mean serum/plasma creatinine values and the mean of the eGFR values

as

ralculated

nbove from 1699 estimations of creatinine IQC level 1 and4741 estimations of creatinine |QC level 2

obfained under long-term precision conditions over approximadtely one year.
Tdble A.10 — Mean creatinine and mean eGFR values for IQC level 1 and level 2, with associated
uncertainties
I1QC level 1 | IQC level 2
Period 28Jul2014-21Aug2015
N 1699 1741
Plasma cre- | eGFR«female, eGFR male, Plasma cre- | eGFR female, eGFR male,
atinine 40'yrs 40 yrs atinine 40 yrs 10 yrs
Mean 82,0 umol/I_[%77,5 ml/min | 103,0 ml/min | 533,9 umol/1| 8,0 ml/min 10,f ml/min
1,73 m2 1,73 m2 1,73 m2 1,73 m?
Upw 1,80 umol/l | 2,00 ml/min | 2,70 ml/min | 9,10 umol/1 | 0,20 ml/min | 0,2Pp ml/min
1,73 m2 1,73 m2 1,73 m2 1,73 m?
V2w (€GFR) ml/ 4,00 5,00 0,40 0,40
min 1,73 m?; k=2,
=95 9% confidence
% Ugeg 2,00/77,5 x 2,7/103,0 0,20/8,0 x 100 0,20/10,7
100 =2,580 65 x 100 = =2,50000% 1100 =
%=2,6% 2,621 36 % = =2,5% 1,869 16 % =
2,6 % 1,9 %
Yo Hrgte6FRImt/ 56+13-%="T524272%— 5660-60-%6=13,73831 % =
min 1,73 m?; k = 2, 52 % 52 % 5,0 % 3,7 %,
%95 % confidence

The results of the example are listed below.

Patient (female, caucasian):

eGFR result = 80 ml/min 1,73 m2.

U(eGFR) = 80 x 5,161 3/100 = +4,129 0 ml/min 1,73 m? = +4,13 ml/min 1,73 m?2 (k = 2; 95 % level of

confidence)

Patient (male, caucasian):
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eGFR result = 11 ml/min 1,73 mZ2.

U(eGFR) = 11 x 3,738 31/100 = +0,411 2 ml/min 1,73 m? = +0,41 ml/min 1,73 m?2 (k = 2; 95 % level of
confidence)

As noted above, this estimate of uncertainty only represents the contribution of the laboratory
measurement itself and does not include uncertainty from the formula parameters derived from a large
population, which would contibute significant additional uncertainty when applied to an individual
subject. Estimation of u(y) for eGFR based on creatinine IQC values alone is a minor component of the
overall uncertainty of eGFR as used for medical applications.

A.7 Estimation of expanded uncertainty for number concentration of white-blopd
cells in whole blood
Table A.11 shows a worked example for the calculation of estimated uncertainty of white blood ¢ell
counts in whole blood.
Table A.11 — Worked example - Uncertainty of white blood cell counts

Component (Analyte) White blood cells (WB€)
Measuranfl Number concentration of white blood cells iftyWhole blood
Measurenient unit 109/1
Measuren]ent method Impedance
Measuren]ent procedure Instrument 2; TY Manufacturerssee'Method manual
Calibrator|traceability ICSH recommended referencemeasurement procedure
Calibratorfuncertainty u_, 0,038 x 109/1 - provided by manufacturer

Bias: Assessed by EQA: averdge bias within target
Long-term precision
IQC materjal: Stabilised WBE.E.supplied by XYZ IVD manufacturer
Level 1 Level 2 Level 3
Period August 2015
1QC lot 880200 870100 868800
N 66 62 60
Mean; 10°f1 9,1 19,7 3,8
Upy 109/1 0,105 0,280 0,115
u(WBC) = \/(uzCal + u?p J10Y)/1 0,111 66=0,112 0,282 57 =0,283 0,12112=0,121
Period September 2015
IQC lot 880800 870700 869100
N 64 66 69
Mean, 109/1 9,0 21,2 3,5
Ug,,» 109/1 0,125 0,275 0,130
u(WBC) = \/(uzCal +u?p,,)10%/1 0,130 66 =0,131 0,277 613 =0,278 0,13544 =0,135
Period October 2015
1QC lot 889900 879700 869700
N 63 68 65
Mean, 109/1 9,2 20,4 3,5
Upyy 109/1 0,130 0,255 0,115
u(WBC) = \/(uzCal +u2p,,)10%/1 0,13544 =0,135 0,257 82 =10,258 0,12111=0,121

Pooled average uncertainty (unweighted)

u(WBC): Aug, Sept, Oct: 109/1

0,112,0,131,0,135

0,283, 0,278, 0,258

0,121,0,135,0,121
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Table A.11 (continued)

Component (Analyte)

White blood cells (WBC)

Variance = u2(WBC) 0,012 468; 0,017 072; 0,079 846; 0,077 069; 0,014 670; 0,018 344;
0,018 344 0,066 471 0,014 668

Sum of variances 0,047 884 0,223 386 0,047 682

Average variance 0,015 961 0,074 462 0,015 894

Po

oled average u(WBC) = Vaver-

age variance

0,126 34 x 109 /1

0,272 88 x 109 /1

0,126 07 x 109 /1

JaNRa Y~ 2o WaYaWiaVa Wl 100

%
mg

L FaVWal 1 L 2
Llrel dl YL dINNUITg TOLU(I1'="0])

an values of 9,1; 20,4 and 3,6

aN- la W I FaW= Y 100
0126547 7, 1) < 100—=

1,38835=1,4%

L Fat nY
(05272 007 207 < 100U =

1,33764=13%

O 126-074376) x 100 =

3,501 98<3,5 %

Al

owable u,,;(WBC) based on

within-individual biological vari-

Meets optimum perfor-
mance specification of

Meets optimum perfor-
mance specification of

Meets\desirable per-
formance specifica-

atjon (CVy,) <12,0 %. <3,0% <3,0 % tion of <6,0 Po
Popled U, k=2 0,126 34 x2=0,25268= [0,27288 x 2 =0,545 76,510,126 07 x 2=

0,253 0,546 0,252 14 =0}252
% Urel; k=2,%=59% level of confi- [1,38835%x2=2,7767= |1,33764x2=2,67528= [3,50198x 2=
dence 2,8% 2,7 % 7,00396 = 7|0 %
Agplied to patients’ results +2,8 % +2,7 % +7,0 %

A.
in
VS

Ca
is
Ta

B Estimation of uncertainty of amount of substance concentration of alpumin
serum/plasma - comparing uncertainty estimates using relative uncertainties
standard uncertainties

ition should be exercised when combining standard uncertainties, where the amount of substance

significantly different among the uncertaintyteomponents being combined. As illustratefl in A.8.1,

pldg

no
us

In
thd
the

ng relative uncertainties).

ple A.12 and A.8.2, Table A.13, different unéertainty estimates % U, for measurement
sma albumin are obtained when uncertainty is calculated by combining standard undertainties
compared to combining relative uncertainties. The differences in the estimated % U, are

this example, the calibrator’s*assigned value (=24 g/1) is much closer to the Level 1 IQQ
in the Level 2 IQC (=42-g/dl). When combining the standard uncertainties (Table A.12)
relative uncertainties ‘(1able A.13), the same absolute standard uncertainty associatec

pf serum/

especially

ficeable for albumin >35,0 g/1 (#4,7% when estimated using standard uncertainty vs. £6,2 % when

(=28 g/1)
instead of
with the

calibrator (0,58 g/1)is‘combined with the standard uncertainty for both levels of IQC, even though the

an]

co

ount of substaneenis quite different. Combining standard uncertainties from different upcertainty
ponents acra$s)significantly different concentrations of substance assumes that absolutsg

variation

is dpproximately-constant across the range of concentrations. Combining relative uncertainties instead
asjumes that(relative variation is approximately constant. With the relative uncertainty method
of lestimation as shown in Table A.13, a better estimate of overall uncertainty is achievefl because
the¢ U gy is similar (0,020 and 0,019 g/l respectively) at both levels of 1QC, suggesting that the
mgaSurement procedure exhibits a constant CV. The standard uncertainty method (Table A.12), which

as

for albumin >35,0 g/1.

ion of the

uncertainty of the calibrator at higher albumin concentrations, leading to underestimation of the % U,

A.8.1 Uncertainty of amount of substance concentration of albumin in serum/plasma
calculated with standard uncertainties

Table A.12 describes a method for estimation of % U,

albumin in serum/plasma using standard uncertainties, u.
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for the amount of substance concentration of

47


https://standardsiso.com/api/?name=17e1773af1087154fa615acfbfb371fb

ISO/TS 20914:2019(E)

Table A.12 — Estimating % U, for serum/plasma albumin using standard uncertainties, u

Component (Analyte) Albumin
Measurand Amount of albumin concentration in serum/plasma
Measurement unit g/l
Measurement method Colorimetric: Bromocresol purple end-point spectrophotometry

Measurement procedure

Instrument 2 and commercial kit from manufacturer Y

Calibrator traceability

ERM-DA470k/IFCC reference preparation

Bias (g/1) Assessed by EQA using commutable material with target value set by accred-
ited reference laboratory: average bias within target (<0,2 g/1): no corregetipn
required

Long-tern] precision

Period February 2014 - March 2015

Calibrator|lot; concentration 4570; 23,7 g/1

Calibrator|uncertainty u,, 0,583 g/1 (from manufacturer)

1QC Level 1 Level 2

Monitors interval (g/1) <35,0 >35,0

IQC lot 6792 5389

N 1390 1414

Mean albumin value, g/1 28,32 42,16

Ugy, 8/1 0,586 0,780

U(Alb) = \/(uzcal + quw) g/l

V(0,5832 + 0,5862) = 0,826 61 = 0,827

V(0,5832 + 0,7802) =
0,973 80 = 0,974

Period April 2015 - March 2016

Calibratorlot; concentration 4779; 23,8 g/1

Calibratorjuncertainty u,, 0,574 g/1 (from manufacturer)

IQC lot 6913 5876
N 1216 1290
Mean albumin value, g/1 27,14 41,22
Upy, 8/1 0,624 0,811

u(Alb) = \/“'lzcal + quw) g/l

V(0,5742 + 0,6242) = 0,847 85 = 0,848

V(0,5742 + 0,8112) =
0,993 58 = 0,994

Pooled avgrage uncertainty #(Ab) - unweighted

Pooled av¢rage u(Alb) g/I V(0,82 6612 + 0,847 852)/2)) V(0,973 802 + 0,993 582)/2)) =
- 0,837 30 = 0,837 0,983 74 = 0,984

% Uy at IQC mean'value (0,837 30/27,7) x 100 (0,983 74/41,69) x 100 =

=3,02274=3,0%

2,35965=2,4%

Allowable|% .., (Alb) based Not acceptable Borderline acceptable

on <75 % of within-individual

biological variation (CV;) <3,2 %

=<2,4%

% U, k=2;295% 3,02 274 x 2 2,35965%x2=4,71930=4,7%
confidence =6,04548=6,0%

Applied to patients’ results +6,0 % 4,7 %

A.8.2 Uncertainty of amount of substance concentration of albumin in serum/plasma
calculated using relative standard uncertainties, v,

Table A.13 describes a method for estimation of % U

48

r
rel

o for the amount of substance concentration of
albumin in serum or plasma using relative standard uncertainties, u
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for serum/plasma albumin using relative standard

Component (Analyte)

Albumin

Measurand

Amount of albumin concentration in serum/plasma

Measurement unit

g/l

Measurement method

Colorimetric: Bromocresol purple end-point spectrophotometry

Measurement procedure

Instrument 2 and commercial kit from manufacturer Y

Calibrator traceability

ERM-DA470k/IFCC reference preparation

0,033321=0,0333

Bijs Assessed by EQA using commutable material with target value sef|by
accredited reference laboratory; average bias within target (<0,2°g/1); no
correction required

Lagng-term precision

IQC Level 1 Level 2

Mg¢nitors interval - (g/1) <35,0 >35,0

Pdriod February 2014 - March 2015

Callibrator lot; concentration 4570; 23,7 g/1

Clibrator uncertainty u 0,583 g/1 (from manufacturer)

Rdlative standard uncertainty of |0,583/23,7 = 0,024 599 = 0,024 6

cajibrator U (can

IQL lot 6792 5389

n 1390 1414

Mg¢an albumin value, g/1 28,32 42,16

ugl, g/1 0,586 0,780

Rdlative standard uncertainty 0,586/28,32 =0,020 692 = 0,020 7 |0,780/42,16 = 0,018 501 = 0,018 5

Urgl(Rw)

Ui (AID) _ y(Ureiican? + Ureirwy®) | V(0,024 5992 + 0,020 6922) = V(0,024 5992 + 0,018 5012) =
0,032 445=0,0321 0,0307798=10,0308

Pdriod April 2015-March 2016

quibrator lot; concentration 4779; 23,8 g/1

Callibrator uncertainty u, 0,574 g/1 (from manufacturer)

Relative standard uncertainty’of |0,574/23,8=0,024 118 =0,024 1

cajibrator uy.(cay

IQL lot 6913 5876

n 1216 1290

M¢an albumin‘value, g/1 27,14 41,22

ugly 8/1 0,624 0,811

Relative 'Standard uncertainty 0,624/27,14=0,022992=0,0230 |0,811/41,22=0,019 675=0,0197

Urd1(Rw)

U, (Alb) _ \/(urel(cal)z + urel(RW)Z] V(0,024 1182 + 0,022 9922) = V(0,024 1182 +0,019 6752) = 0,031 125

=0,0311

Pooled average uncertainty u .,

(Alb) - unweighted

Pooled average % u,. (Alb)

V(0,032 1452 + 0,033 3212)/2)) =
0,032 738 x 100 = 3,273 8=3,3 %

V(0,030 779 82 + 0,031 1252)/2)) =
0,030 952 9 x 100 = 3,095 29 =

31%

Allowable % u,; (Alb) based

on <75 % of within-individual
biological variation (CV|) <3,2 %
=<2,4%

Not Acceptable

Not Acceptable

% U_.., k=2; %95 % confidence

6,547 6 =6,5%

6,1906=6,2%

rel’
Applied to patients’ results

6,5 %

+6,2 %

© IS0 2019 - All rights reserved
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A.9 Calculating % U, for international Normalised Ratio

el

A worked example for calculation of % U, for international normalised ratio (INR) measurements is

given in Table A.14. For the example shown in Table A.14, the following notations apply:

— INR = (Sample prothrombin time/Mean Normal Prothrombin time)!S!

— u(INR) = V[ISI2 x (W2(MNCT) + u2g,,)]

— Relative standard uncertainty: u,.(INR) = V[ISI x (u2,,,(MNCT) + U2 e1(rw))]- [see A.2.4, Rule 2.]

Table A.14 — Worked example — % U, for INR measurements
Component (Analyte) Biological activity of clotting factors VII, X, V, 1], fibrinogen
Measuranf Tissue factor-induced relative time to form clot in citrated plasma
Measurenjent unit Second
Measuren]ent method Mechanical clot detection
Measuren]ent procedure Instrument 1; commercial kit from manufacturer T
Allowable[standard measurement |Minimum < % CV; performance specification £2;4%
uncertainty derived from pro-
thrombin fime (PT) within-individ-
ual biological variation in adults
Calibrator|traceability Human recombinant thromboplastin WHO 4th IS 2009
Period July 2013- Jan 2014
Thromboplastin lot no. 1112 1113
Internatiojal Sensitivity 1,31
Index (ISI
Bias EQA derived: within'alowable specification: no action
Mean Normal Clotting Time n=20
(MNCT); sec 13,3
u(MNCT), sec 0,53
% u,.o;(MNCT) (0,53/13,3) x 100 = 3,984 96 = 4,0 %
Long-term precision
1QC Level 1 Level 2
Monitors interval - sec <20 >20
IQC lot 3167 3168
n 1682 1671
Mean PT tjme; sec 13,2 25,3
Up(PT); dec 0,30 0,48
% Upei(rw) {PT) (0,30/13,2) x100 =2,272 73 = 2,27 %(0,48/25,3) x 100 = 1,897 23 = 1,90(%
Goal: <2,4'% Aceeptable Aceeptable
u?.,(INR) = 1,312 x (3,984 962 + 2,272 732) 1,312 x (3,984 962 + 1,897 232)
ISI2 x [u2,,(MNCT) + u?_] =36,115 68 =33,428 58
% u,(INR) V36,115 68=6,00963 % =6,0% |V33,42858=5,78175=58%
% U(INR), k=2 12,00193=12,0% 11,563 50=11,6 %
Applied to patients’ results +12,0 % +11,6%
Period Feb 2014-March 2015
Thromboplastin lot no. 1245 1246
International Sensitivity Index (ISI)|1,26
Bias EQA derived: within allowable specification: no action
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Table A.14 (continued)
Component (Analyte) Biological activity of clotting factors VI, X, V, II, fibrinogen
Mean Normal Clotting Time n=20
(MNCT); sec 13,0
u(MNCT); sec 0,51
% u,.o;(MNCT) (0,51/13,0) x 100 = 3,923 08 =3,92 %
Long-term precision
IQC Level 1 Level 2
Mg¢nitors interval - sec <20 >20
IQL lot 3336 3338
n 2 865 2 854
Mg¢an PT time (sec) 13,1 25,0
ugf, (PT); sec 0,32 0,51
%[Urel(rw)(PT) % (0,32/13,1) x 100 = 2,44 275 = (0,51/25,0) x 100 =2,040 0P = 2,04 %
2,44 % Acceptable
Borderline acceptable
u?l,(INR) = 1,262 x (3,923 082 + 2,442 75%) = 1,262 x (3,923 082 + 2,040 02) =
IS]2 x [u?,;(MNCT) + u?,] 33,907 30 31,041 00
u(INR) % = Vu? ,(INR) /33,907 30 = 5,823 00 = 5,8 % V31,041 00 = 5,571 45 = 5,6 %
%|U(INR), k=2 11,646 00 =11,6 % 11,14290 % =111 %
Applied to patients’ results +11,6 % +11,1 %

A.10 Uncertainty for a human immunodeficiency virus type 1 viral load

measurement

Table A.15 shows a worked example- for calculation of the estimated uncertainty
immunodeficiency virus type 1 (HIV*1Jviral load measurements.

Table A.15 — Worked\example — Uncertainty of HIV-1 viral load measurements

bf human

Component (Analyte)

Human immunodeficiency virus type 1 (HIV-1) RNA

M¢asurand

Number of HIV-1 RNA copies concentration in plasma

Mg¢asurement unit

Log;o HIV-1 RNA copies/ml

M¢asurement methoed

cDNA PCR amplification of cDNA and quantitation by detection by inftensity of

fluorescence emission

M¢asurement’procedure

HIV-1 Test, D Diagnostics Pty Ltd.

Allowabléstandard measure-
méentuncertainty

<#0,5log;yresult

Calibrator traceability

WHO I tInternational standard for HIV-T RNA for nucleic acid-based tech-
niques (NIBSC 97/656)

Calibrator uncertainty, u_,;

Not stated

Bias

<0,25 log;y EQA peer group weighted mean: - acceptable

Reported values

Whole number

Reference values

<1,602 1 (40 copies/ml) not detected
1,602 1 to 1,00E+7 (40 copies =10 million copies/ml) result value reported

>1,00E+7 (10 million copies/ml) reported as >10 million copies/ml

Long-term precision

Level 1 |Level 2 |Level 3

© IS0 2019 - All rights reserved
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Table A.15 (continued)

Component (Analyte) Human immunodeficiency virus type 1 (HIV-1) RNA
IQC lot No. 443 453 463
N 34 73 19
Mean log,, copies/ml 2,66 3,18 4,21
Copies/ml 457 1514 16 218
Log;ou 0,120 0,160 0,230
LogioUpel 0,120/2,66 = 0,045 0,160/3,18 = 0,050 0,230/4,21 = 0,055
U, log, copies/ml, 0,120 x 2 =0,240 0,160 x 2 = 0,320 0,23x2=0,46
k =2,=95 Po level of confidence |2,66 + 0,240 3,18 £ 0,320 4,21 + 0,460
U, copies/l =2,42-290 =2,86 -3,50 =3,75-4,67

263 - 794 724 -3 162 562346 774

Allowable[U: < + 0,5 log;, of 2,66 +0,5 3,18 +0,5 4,21# 0,5
mean IQC 2,16-3,16 2,68-3,68 3,71-4,71
Range logj, copies/ml 145-1 445 479 - 4786 5129 - 51 286
Copies/ml
Fit for purjpose Acceptable Acceptable Acceptable

A.11Un¢ertainty of BCR-ABL1 measurement using one lot of internal quality

control material

BCR-ABL1|is an abnormal gene fusion whose protein produet is an activated tyrosine kinase that caufes

chronic myeloid leukaemia. Measurement of the BCR-ABL1 RNA transcript level during treatment:ﬁ?s
medical r¢levance for patient outcome and the BCR-ABL1 level is used for change of treatment decisi

S.

The following worked example for MU estimationt (Table A.16) is for a molecular test measuring BCR-
ABL1 fusipn gene transcripts on an international reporting scale (IS) by qRT-PCR. The measurement
procedurg involves extraction of RNA, convérsion of RNA to complementary DNA (cDNA) using revefse
transcription and quantitative polymerase chain reaction (QRT-PCR). BCR-ABL1 RNA is extracted frpm
white cells derived from peripheralblood or bone marrow. BCR-ABL1 transcripts rapidly degrade gnd

RNA stabilisation is required to limit'degradation after sample collection.

BCR-ABLI1|transcripts are reported as a percentage ratio to a second transcript termed a control gefne.
A control |gene is measured-to compensate for differences in the degradation status between sampjles
and for differences in the)reverse transcription process. IQC samples undergo all processes requifed
to generate the reportable BCR-ABL1 value except for lysis of red cells, which is not applicable since
cells are ysed thatare pre-stabilised in an RNA stabilisation solution. However, the major sourceq of
variability related-to characterisation, potential between-unit heterogeneity, and potential degradatjon
during transport and long-term storage were combined to estimate the relative expanded (k =|2)
uncertainfyA(% U,.)) and are captured by including QC in every batch.

Table A.16 — Worked example — Uncertainty of BCR-ABL1 gene transcript measurement

Component BCR-ABL1 fusion gene transcripts (RNA)
Measurand % ratio of BCR-ABL1 fusion gene transcripts to a control gene (ABL1) transcript
level in peripheral blood or bone marrow
Measurement unit % ratio on the International Scale (IS)

Measurement method

Reverse transcription followed by fluorescence-based quantitative real-time
PCR of cDNA

Measurement procedure

Manufacturer X BCR-ABL1 assay kit
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Table A.16 (continued)

Component

BCR-ABL1 fusion gene transcripts (RNA)

Allowable standard meas-
urement uncertainty: BCR-
ABL1 biological
variation-based

<2-fold at the medically relevant level of 0,1 % IS, which is a major molecular
response; <5-fold at lower levels

Calibrator traceability

Certified reference materials: ERM®-AD623a, ERM®-AD623b, ERM®-AD623c,
ERM®-AD623d, ERM®-AD623e, ERM®-AD623f

Calibrator uncertainty

Not applicable. Calibrator contains the sequence for both of the genes in order

[cp/u]

to measure the raw transcript values. The calibrator uncertainty cannot be ex-
pressed as a ratio and is omitted from the measurement uncertainty.calculation.

Bifs

Corrected to the IS by kit manufacturer and traceable to the 1st WHO Infernation-
al Genetic Reference Panel for quantitation of BCR-ABL translocation by RQ-PCR
(NIBSC code: 09/138WHO).

Bias medically irrelevant based on EQA performance

Rgported values

Deep molecular responses are reported according torécommended con
cut-off values[22]

rol gene

Rdference values

The dynamic range of the IS is 10 % IS and below:According to internatipnal

recommendations, values below 10 % IS, 1 % 1S and 0,1 % IS at 3, 6 and 12 months
of tyrosine kinase inhibitor therapy indjcdte an optimal response and a fhange of
therapy is not required

1QC Level 1 low control |Level 2 high control
Pefriod 1/12/12t09/6/13

Lgt No. L/11 H/11

N 150 150

Mg¢an 0,06 15,00
(BCR-ABL1/ABL1 % IS)

u(BCR-ABL1/ABL1 % IS) 0,012 2,200
U(BCR-ABL1/ABL1 % IS) |0,024 4,400

k § 2,295 % level of confi-

deince

%|Ue1 20,0 % 14,7 %

Fit for purpose Acceptable Acceptable

A.12 Uncertainty of rubella IgG antibody measurement

For rubella-tlgG antibody measurement, values obtained for each successive 1QC lot were

separately

collected<for“calculation of ug,,(Rub). The full worked example and calculations for the undertainties

ar¢ shewmrin Table A.17.

Table A.T7 — WorKked example — Estimation of uncertainty of rubella IgG antibody

measurement

Component (Analyte)

IgG antibodies to rubella virus

Measurand

Reactivity of IgG antibodies in plasma/serum to rubella virus antigen

Measurement method

Sandwich immunoassay with detection by direct chemiluminescence

Measurement proce-
dure

Manufacturer E, according to manufacturer’s instructions - see method manual

Measurement unit

kIU/1 - arbitrary units

Calibrator traceability

WHO 15t IS for human anti-rubella immunoglobulin (RUBI-1-94)

a  Selected % U value applied dependent on patient result relative to IQC interval covered.
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Table A.17 (continued)

Component (Analyte)

IgG antibodies to rubella virus

Bias

0,28 kIU/1 - assessed relative to EQA peer group mean (cycle 1/01/15-30/06/15).
Acceptable - No action

Reference values

<5,0 IU/ml - Not detected; 5,0-9,9 IU/ml - Equivocal; 210,0 IU/ml - Detected

Maximum allowable
standard measurement

Within best 20 % of EQA peer group

uncertainty

Long-term precision

Period 11/12/15- 14/03/16

Calibrator|lot 378 Cal1:7,0,U.,; = 0,188 kIU/L, k=2, % U_,; = 2,685 71 = 2,7 %

Reagent Iqt 640 Cal 2: 400, U, = 5,607 kIU/L, k=2,% U_.;;=1,40175=1,4 %

1QC Level 1 Level 2 Level 3

Monitors 5,0-9,9 kIU/ml 10,0-50,0 kIU/ml >50,0 kIU/ml

IQC lot 51333 53655 54778

N 68 68 68

Mean, kIUfml 8,11 19,97 122,33

Ug,,(Rub) kIU/ml 0,610 1,440 8,440

Upys k=2 1,220 2,880 16,880

% Upy (1,22/8,11) x 100 = (2,88/19,97) x 100 = (16,88/122,33) x 100 =
15,043 16 = 15,0 % 14,421 63 = 1444.% 13,798 74=13,8 %

% U(Rub)|= V(%U2.,, |V(2,685712+ 15,043 162) V(2,685 712¥14,421 632) = |V(1,401 752 + 13,798 742) 3

+ % U2z) =15,28100% =15,3 % 14,669 58<14,7 % 13,869 76 =139 %

=95 % level of confi-

dence

Period 15Mar16-13Junl6

Calibratorlot 413 Cal1:74, U, = 0,198 klU/}, k=2, % U, = 2,675 68 =2,7 %

Reagent Idt 765 Cal 2: 357, U, = 5,310kIU/l, k=2,% U_;; = 1,487 68 = 1,5 %

IQC lot 52661 53690 54394

N 85 85 76

Mean, kKIUfml 7,5 21,3 118,9

up,,(Rub) kIU/ml 0,53 1,75 10,36

Upys k=12 1,06 3,50 20,72

% Upw (1;06/7,5) x 100 = (3,5/21,3) x 100 = (20,72/118,9) x 100 =
14,13333=14,1% 16,43192=16,4 % 17,426 41 =174 %

% U(Rub) E V(% B2 + V(2,675 682 + 14,133 332) = V(2,675 682 + 16,431 922) = | /(1,487 682 + 17,426 412) %

% U2g,,) *P5 % level of [14,384 38 = 14,4 % 16,648 34 = 16,6 % 17,48980=175%

confidenc¢

Pooled % U for 2 V[(15,281 007 + vV [(14,669 584 + V(13,869 76% +

reagent Lots 14,384 382)/2] = 16,648 34 2)/2] = 17,489 80 2)/2] =
14,839 46 = 14,8 % 15,690 18 =15,7 % 15,78391=15,8%

% U(Rub)

Applied to patients’
results?

+14,8 %

+15,7 %

+15,8 %

a  Selected % U value applied dependent on patient result relative to IQC interval covered.

NOTE

The statistical treatment of u

cal

contribution to % U(Rub).
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is complex when a calibration curve is based on more than a single
calibrator value. For practical purposes, as in the above case, a professional judgement can be made on selecting
the calibrator that is considered to be most applicable to each level of IQC. It shows that u_, makes a trivial
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A.13 Uncertainty of hepatitis B surface antigen measurement

This automated measurement procedure for hepatitis B surface antigen (HBsAg) uses matched
calibrator and reagent lots which, depending on workload, are changed at 2 to 4 month intervals. In
this worked example (Table A.18), there is one IQC lot change for each level, necessitating the separate
collection and calculation of IQC values. If the same IQC lot had been used for both lots of calibrator and
reagent, the IQC data could have been treated as a single data set.

Table A.18 — Worked example — Estimation of uncertainty for Hepatitis B surface antigen

measurement
Component (Analyte) HBsAg

Mg¢asurand Reactivity of HBsAg in serum/plasma to hepatitis B virus surface antibody

Mg¢asurement unit Sample/Cut-off ratio (S/Co) = Index value

M¢asurement method Sandwich immunoassay with detection by direct chemiluminescencé¢

M¢asurement procedure Manufacturer F

Cdlibrator traceability Traceable to WHO IRS 00/588

Bigs, Index value 0,17 - assessed relative to EQA peer group mean (cycle 1/03/15-30/1/1/15):
Acceptable - No action

Rgference values S/Co <1 Negative
21 to <50 - Positive

Allowable standard Within best 20 % of EQA peergroup

m¢asurement uncertainty

Lgng-term precision

Pdriod 09 Mar 15-15 Jun 15

Callibrator lot 431 % Ueq1 = 4,0 %, ke

Rdagent lot 431

IQC Level 1 Level 2

Ldt no. 327 337

N 73 73

M¢an Index value 1,38 5,48

ugl, (HBsAg) 0,080 0,360

Udys k=2 0,160 0,720

%|Upw (0,160/1,38) x 100 = 11,594 20 = (0,720/5,48) x 100 = 13,138 69 = 13,1 %
11,6 %

%|U(HBsAg) = V(4,02 + 11,594 202) = 12,264 81 = |V(4,0% + 13,138 692) = 13,734 09 = 13,7 %

V(o U2, +960%;.) 12,3 %

=95 % levelof confidence

Pdriod 16 Jun 15-15 Sep 15

Cdlibrator lot 501 %U.,=39%,k=2

Reagentlot 501

IQC Level 1 Level 2

Lot no. 378 388

N 81 81

Mean Index value 1,40 5,37

Ug(HBsAg) 0,100 0,310

Upys k=2 0,200 0,620

% Upyy (0,200/1,40) x 100 = 14,285 71 = (0,620/5,37) x 100 =11,54562=11,5%
14,3 %
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Table A.18 (continued)

Component (Analyte) HBsAg
% U(HBsAg) = V(3,92 + 14,285 712) = 14,808 49 = |V/(3,92 + 11,545 622) = 12,186 52 = 12,2 %
V(% U2, + % Ug,,) 14,8 %
%95 % level of confidence
Pooled % U for 2 reagent lots; |V [(12,264 812 + 14,808 492)/2] = |V [(13,734 092 + 12,186 522)/2] =
% U(HBsAg) 13,596 27 = 13,6 % 12,98338=13,0%
Applied to patient results +13,6 % +13,0 %

A.14 Unc¢ertainty of number concentration of red blood cells and total WBC in
urine uging a manual method

A manual|examination of cell counts in urine may be undertaken by more than one operator. Becatise
the reliab]lity of manual counting procedures is dependent on operator skill, it is impoftant to estimpte
between-¢perator uncertainty[321[31],

As shown|in Table A.19, twelve operators on the same day performed a red cell-and total WBC countjon
each of two urines, and a total WBC count on a third urine. Each operator lgaded a counting grid wjith
sample, rgndomly used one of five microscopes and was blind to results @btained by other operatdrs.
Between-pperator estimations of the number of total red cell or WBC concentrations in urine confofm
to a Gausdian distribution, so that u is calculated in the usual manner:

Table A}j19 — Worked example — Estimation of uncertainty of urine red blood cell (RBC) anfl
WBC counts
Operator Urine 1 Urine 2 Urine 3
RBC/ul WBC/ud RBC/ul WBC/ul WBC/ul
1 11 13 116 96 250
2 13 23 77 88 153
3 26 20 119 101 137
4 27 22 113 113 348
5 28 30 108 118 290
6 28 18 103 110 230
7 16 10 155 128 240
8 13 16 121 117 280
9 14 9 130 118 248
10 12 15 175 130 297
11 25 10 130 95 255
12 13 10 110 118 230
Mea|n eells/ul 18,833 33 16,333 33 121,416 67 111,000 00 246,500 00 4
=188 =16,3 =121% =TIT,0 246,5
et O | 7171072717 | 651339 =651 | P20 | 13T 158210432 58,21
Uk=2,
cells/ul, 13,026 78= | 4999970= | 26,61510= | 116,42086 =
~95 % level of confidence | 14,342 14 = 14,34 13,03 50,00 26,62 116,42
% U,q 76,152 96 = 79,755 81 = 41,180 26 = 2397757 = 47,229 56 =
76,2 % 79,8 % 41,2 % 24,0 % 47,2 %

Within-operator uncertainty should also be estimated by each individual performing the measurement
in a short time period (a repeatability study) by preparing and counting 10 or more samples from the
same urine specimen.
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The combined uncertainty for each individual operator (u) can then be calculated as:

u = V[u?(between operator) + u?(operator)]

NOTE The highly variable uncertainty in counting low numbers of cells suggests uniform sampling of urines
is a major limitation that can or cannot impact medical interpretation.
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Annex B
(informative)

Example of applying measurement uncertainty to result
interpretation

When huipan sample results are close to medical decision limits, or changes in results over time\are
relatively|small in a monitored subject, consideration of MU can aid interpretation.

EXAMPLE[L  Determining if a measured value exceeds a medical decision limit.
Human sa[nple C: Serum prostate specific antigen (PSA) concentration = 4,3 pg/1.
i

Medical ipterpretation question: Is there a >95 % level of confidence that the,result is measuraply
higher thgn the medical decision limit of 4,0 pug/1 for a 61 year old patient?

u(PSA) was estimated to be 0,14 pg/1 based on the combined uncertainties-for u., (provided by the
manufactyirer) and ug,, obtained for an IQC mean value of 3,6 ug/I.

If the medsurement of human sample C were performed many time$ under repeatability conditionfls,
would >5 Y6 of results fall below 4,0 ug/1? This is termed a one-sided‘distribution, for which a confidence
level of 95 % requires a z-score of 1,65 (see Reference [32]).

The laborptory would have a confidence level of *95 % that’the result is measurably higher than #,0
pg/l if the result is >4,0 + (1,65 x 0,14) = >4,23 pg/l. To ensure >95 % confidence, the uncertainty is
rounded yp to the next significant digit, i.e. 4,23 is rounded up to 4,3. The PSA measurement procediire
can reliably distinguish between measurand values-of 4,0 (the medical decision limit) and 24,3 pg/l.

NOTE This example only considers the uncertainty of the measured values. Within-individual biologjcal
variation nmust also be considered when determining if the two values are physiologically different (see belowy).

EXAMPLER  Determining if sequential measured values on a single patient are different.

Two PSA tesults for Patient C one year apart were 4,4 and 4,8 pg/l. Is there a >95 % level of confidence
that these two measured PSA values are different?

NOTE This example only\considers the uncertainty of the measured values. Within-individual biologjcal
variation must also be considered when determining if two sequential values for the same subject pre
physiologigally different(see Example 3).

The remeasured value has an equal chance of changing up or down, so the distribution of other
possible values_for*each result is bi-directional. The z-score for a bi-directional distribution at a leyel
of confidencedof =95 % is 1,96. Since u(PSA) for each result is the same, the two measured results will
be differeht{z95 % level of confidence) if their values differ by > z xv/2 x u(PSA). See Reference [32] ffor
additional background.

As for Example 1, u(PSA) was estimated to be 0,14 pg/I.
Solving the formula, [z xV2 x u(PSA)] = 1,96 x V2 x 0,14 ug/1 = 0,39 pug/I.

Therefore, the second result must be 24,4 + 0,39 = 24,79 pg/l to be measurably different from the first
value. The two results are measurably different (95 % level of confidence).

EXAMPLE3 Combining measurement and pre-measurement uncertainties.

For some measurands it is useful for optimal result interpretation to take account of both MU and
within-individual biological variation. For this purpose, the u(y) is combined (see A.2.4) with the SD of
the within-individual biological variation (CV).
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