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Foreword

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

Blood-glucose monitoring systems are in vitro diagnostic medical devices used predominantly by
individuals affected by diabetes mellitus. Diabetes mellitus is caused by a deficiency in insulin secretion
or by insulin resistance leading to abnormally high concentrations of glucose in the blood, which may
result in acute and chronic health complications. When used properly, a glucose monitoring system
allows the user to monitor and take action to control the concentration of glucose present in the blood.

This International Standard is intended for blood-glucose monitoring systems used by lay persons. The
primary objectives are to establish requirements that result in acceptable performance and to specify
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mum performance criteria for blood-glucose monitoring systems were establishe
ytical requirements (precision and trueness) for individual glucose measurementresu

od-glucose monitoring system to the intended users (i.e. lay persons), whowould not
metrological terms commonly used in laboratory medicine. System acguiracy describe]
glucose monitoring system to produce measurement results that agree with true glu
h the system is used as intended. The concept of “system accuracy“includes measurem
surement precision.

Fequirements for system accuracy are based on three considérations:
the effectiveness of current technology for monitoring.patients with diabetes mellitus;

recommendations of diabetes researchers as welbas existing product standards and
buidelines; and

Lhe state-of-the-art of blood-glucose monitofing technology.

rriving at the performance requirements specified in the second edition of this Ij
dard, desirable goals had to be weighed against the capabilities of existing bl
itoring technology. The revised pérformance criteria in this edition are the result of im
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INTERNATIONAL STANDARD ISO 1519

7:2013(E)

In vitro diagnostic test systems — Requirements for blood-
glucose monitoring systems for self-testing in managing
diabetes mellitus

1 Scope
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hse concentrations in capillary blood samples, for specific design verification procedy
ralidation of performance by the intended users. These systems are intended for self-m
y persons for management of diabetes mellitus.

International Standard is applicable to manufacturers of such systems andthose other oy

International Standard does not:

fhese systems,

hddress the medical aspects of diabetes mellitus'management,

hpply to measurement procedures withN\measured values on an ordinal scale
semiquantitative measurement procedures), or to continuous glucose monitoring syste

hpply to glucose meters intended- for use in medical applications other than self-tes
management of diabetes mellitu$

Normative references

ences, only the edition cited applies. For undated references, the latest edition of thg
ment (including any amendments) applies.

| 3485, Medigcal devices — Quality management systems — Requirements for regulatory pi

| 4971, Medical devices — Application of risk management to medical devices

International Standard specifies requirements for in vitro glucose monitoring systems t]Ilat measure

ires and for
Pasurement

ganizations

regulatory authorities and conformity assessment bodies) having the responsibility for assessing
the performance of these systems.

provide a comprehensive evaluation of all possible factdks) that could affect the performance of

pertain to glucose concentration measurement for the purpose of diagnosing diabetes ellitus,

[e.g. visual,
ms,

ting for the

following referenced documents are indispensable for the application of this document. For dated

referenced

irposes

17511, In vitro diagnostic medical devices — Measurement of quantities in biological

samples —

Met

ologicat traceubitity of vatues ussigned to catibrators armd comtrot matertats

ISO 18113-1, In vitro diagnostic medical devices — Information supplied by the manufacturer (labelling) —

Part

1: Terms, definitions and general requirements

ISO 18113-4, In vitro diagnostic medical devices — Information supplied by the manufacturer (labelling) —

Part

4: In vitro diagnostic reagents for self-testing

ISO 18113-5, In vitro diagnostic medical devices — Information supplied by the manufacturer (labelling) —

Part

5: In vitro diagnostic instruments for self-testing

[SO 23640, In vitro diagnostic medical devices — Evaluation of stability of in vitro diagnostic reagents

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance
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IEC 61010-1, Safety requirements for electrical equipment for measurement, control, and laboratory use —
Part 1: General requirements

IEC 61010-2-101, Safety requirements for electrical equipment for measurement, control and laboratory
use — Part 2-101: Particular requirements for in vitro diagnostic (IVD) medical equipment

IEC 61326-1, Electrical equipment for measurement, control and laboratory use — EMC requirements —
Part 1: General requirements

IEC 61326-2-6, Electrical equipment for measurement, control and laboratory use — EMC requirements —
Part 2-6: Particular requirements — In vitro diagnostic (IVD) medical equipment

[EC 62366, Medical devices — Application of usability engineering to medical devices

EN 13612, Rerformance evaluation of in vitro diagnostic medical devices

3 Termsg and definitions

For the purposes of this document, the terms and definitions given in ISO 18113-1@nd the following apply.

31
blood-glucpse monitoring system
measuring $ystem consisting of a portable instrument and reagents used for the in vitro monitoripg of
glucose confgentrations in blood

Note 1 to enf{ry: Blood-glucose monitoring systems measure glucose iti*eapillary blood samples, but can express
measured vdlues as either the glucose concentration in capillary bleod or the equivalent glucose concentrption
in capillary glasma. Concentrations in this International Standard refer to the type of measured values repgrted
by the systern.

3.2
blood-glucpse meter
component jof a blood-glucose monitoring system that converts the product of a chemical reaction|into
the glucose concentration of the sample

3.3
capillary blood-sample
blood samp]e collected by skin punetiire

Note 1 to enffry: A finger puncturedby a lancet is commonly called a “fingerstick”.

3.4
commutabljlity of a reférence material
property of p referentéymaterial, demonstrated by the closeness of agreement between the relation arthong
the measurgmentresults for a stated quantity in this material, obtained according to two given measureent
procedures,|and the relation obtained among the measurement results for other specified materials

Note 1 to entry— Thereference mmateriabimquestion s usuatly a catibratoramd the otherspecified materiats are
usually routine samples.

Note 2 to entry: The measurement proceduresreferred tointhe definitionare the one precedingand the one following
the reference material (calibrator) in question in a calibration hierarchy. See ISO 17511 for further information.

Note 3 to entry: The stability of commutable reference materials is monitored regularly.
[ISO/IEC Guide 99:2007, definition 5.15]

Note 4 to entry: Although blood would be the ideal matrix for reference materials for blood-glucose monitoring
devices, such materials are not available at this time.
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3.5

consecutive selection method

sampling method for a research study in which all subjects that meet the enrolment criteria are accepted
in the order they volunteer for the study

Note 1 to entry: This method will provide unbiased samples as long as no confounding variables are introduced
during the trial period. For example, if a study lasts one morning, study subjects might not be representative of
the target population, since subjects who visit the clinic in the morning might not be representative of all subjects
who visit the clinic.

Note 2 to entry: Adapted from Reference.[5]

3.6
disinfection
progess of destroying pathogenic organisms or rendering them inert

Note|1 to entry: Adapted from Reference.[€]

3.7
inflience quantity
quarntity that, in a direct measurement, does not affect the quantity thatiactually measured, but affects
the felation between the measurement indication and the measurement result

EXAMPLE 1 Frequency in the direct measurement with an ammeter of the constant amplitude of an
alterpating current.

EXAMPLE 2  Amount-of-substance concentration of bilirubiin a direct measurement of haemoglpbin amount-
of-substance concentration in human blood plasma.

EXAMPLE3  Temperature of a micrometer used for measuring the length of a rod, but not the temperature of
the rpd itself which can enter into the definition of the;measurand.

EXAMPLE 4  Background pressure in the ion source of a mass spectrometer during a measuremeit of amount-
of-suppstance fraction.

Note|1 to entry: An indirect measurementjinvolves a combination of direct measurements, each of which may be
affected by influence quantities.

Note|2 to entry: Adapted from ISO/IEC Guide 99:2007, definition 2.52.

3.8
intermediate measurement precision
intefmediate precision

meapurement precision under a set of conditions of measurement that includes the same mpasurement
prodedure, sanmie-location and replicate measurements on the same or similar objects over an extended
peripd of time, and can include other conditions involving changes

Note|l to\entry: Interpretation of intermediate measurement precision requires that the changed and unchanged
condftions be specified, particularly variables such as calibrations, reagent lots, measuring systems, operators
and environmental conditions.

Note 2 to entry: In evaluating IVD medical devices, the intermediate precision conditions are generally selected to
represent the actual use conditions of the IVD medical device over an extended period of time.

Note 3 to entry: Relevant statistical concepts are given in ISO 5725-3.

Note 4 to entry: Intermediate precision can be expressed quantitatively in terms of the dispersion characteristics
of the measured values, such as standard deviation, variance, and coefficient of variation.

Note 5 to entry: Adapted from ISO/IEC Guide 99:2007, definitions 2.22 and 2.23.

© IS0 2013 - All rights reserved 3
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3.9
lay person
individual without formal training in a relevant field or discipline

Note 1 to entry: For the purposes of this International Standard, alay person is a user of a blood-glucose monitoring
device who does not have specific medical, scientific or technical knowledge related to blood-glucose monitoring.

Note 2 to entry: Adapted from ISO 18113-1, definition 3.34.

3.10
manufacturer’s selected measurement procedure

and

h the

measurement procedure that is calibrated by one or more of the manufacturer’s working calibratofs or

higher typep of calibrator and validated for its intended use

Note 1 to enftry: ISO 17511:2003, Figure 1 shows the manufacturer’s stafding measurement procedure i
traceability ¢hain.

Note 2 to enffry: See ISO 17511:2003, 4.2.2 h).

3.12
measurement accuracy
accuracy
closeness of agreement between a measured quantity value and a true quantity value of the measu

h the

rand

Note 1 to enfry: The concept “measurement aceuracy” is not a quantity and is not given a numerical quantity

value. A meafurement is said to be more accurate'when it offers a smaller measurement error.

Note 2 to ephtry: The term “measurement accuracy” is not used for measurement trueness and the
“measuremeht precision” is not used fof ntf€asurement accuracy, which, however, is related to both these cond

Note 3 to entry: “Measurement accuracy” is sometimes understood as closeness of agreement between meas
quantity valyles that are being attributed to a measurand.

[ISO/IEC Gyide 99:2007{definition 2.13]

3.13
measurempent bias
bias

term
epts.

ured

estimate ofja Systematic measurement error

Note 1 to entry: Bias is inversely related to trueness.

Note 2 to entry: An estimation of bias is the average value of a series of measurements minus a reference

quantity value.

Note 3 to entry: Adapted from ISO/IEC Guide 99:2007, definition 2.18.

4 © IS0 2013 - All rights res

erved


https://standardsiso.com/api/?name=d93b684e6ad3083b525190f7c48da7ee

ISO 15197:2013(E)

3.14

measurement precision

precision

closeness of agreement between measurement indications or measured quantity values obtained by
replicate measurements on the same or similar objects under specified conditions

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

Note 2 to entry: The “specified conditions” can be, for example, repeatability conditions of measurement,
intermediate precision conditions of measurement, or reproducibility conditions of measurement (see ISO 5725-3).

Note|3 to entry: Measurement precision is used to define measurement repeatability, intermediateaheasurement
precision, and measurement reproducibility.

Notel4 to entry: Replicate measurements means measurements that are obtained in a mannernot influenced by a
prev]ous measurement on the same or similar sample.

Note|5 to entry: Adapted from ISO/IEC Guide 99:2007, definition 2.15.

3.15
measurement repeatability
repeatability

meapurement precision under a set of conditions of measurementthat includes the same mpasurement
prodedure, same operators, same measuring system, same operating conditions and same Ipcation, and
replicate measurements on the same or similar objects over:a short period of time

Note|1 to entry: In clinical chemistry, the term within-run precision or intra-series precision is sometimes used
to designate this concept.

Note|2 to entry: In evaluating an IVD medical device,fépeatability conditions are generally selected|to represent
essemtially unchanged conditions (called repeatability conditions) resulting in the minimum yariability of
meagured values. Repeatability information cahbe useful for troubleshooting purposes.

Note|3 to entry: Repeatability can be expressed quantitatively in terms of the dispersion charactefristics of the
meagured values, such as repeatability standard deviation, repeatability variance and repeatability poefficient of
varidtion. Relevant statistical termstare given in ISO 5725-2.

Note|4 to entry: Adapted from ISO/IEC Guide 99:2007, definitions 2.20 and 2.21.

3.16
measurement reproducibility
reprpducibility

meapurement precision under conditions of measurement that includes different locationg, operators,
meapuring systéms, and replicate measurements on the same or similar objects

Note|l to,entry: In clinical chemistry, the term laboratory-to-laboratory precision is sometimes used to designate
this ¢oncept.

Note 2 to entry: In evaluating an IVD medical device, reproducibility conditions are generally selected to represent
maximally changed conditions (called reproducibility conditions) resulting in the variability of measured values
that would be encountered when comparing measurement results among independent laboratories, such as
would occur in inter-laboratory comparison programmes (e.g. proficiency testing, external quality assurance or
laboratory standardization trials).

Note 3 to entry: Reproducibility can be expressed quantitatively in terms of the dispersion characteristics of
the measured values, such as reproducibility standard deviation, reproducibility variance and reproducibility
coefficient of variation. Relevant statistical terms are given in [SO 5725-2.

Note 4 to entry: The different measuring systems can use different measurement procedures.

Note 5 to entry: A specification should give the conditions changed and unchanged, to the extent practical.

Note 6 to entry: Adapted from ISO/IEC Guide 99:2007, definitions 2.24 and 2.25.

© IS0 2013 - All rights reserved 5
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3.17

measurement trueness

trueness

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

Note 1 to entry: Measurement trueness is not a quantity and thus cannot be expressed numerically, but measures
for closeness of agreement are given in 1SO 5725-1.

Note 2 to entry: Measurement trueness is inversely related to systematic measurement error, but is not related
to random measurement error.

Note 3 to entlry: Measurement accuracy should not be used for “measurement trueness” and vice versa.

[1SO/IEC Gy

3.18
measuring
set of value
measuring

Note 1 to en
have been va

Note 2 to en
[SO 18113-1:

Note 3 to en

Note 4 to en

3.19

metrologid
property of
unbroken ¢

Note 1 to en
realization,
measuremer

Note 2toentr
standards arj
A metrologic
calibrator va

Note 3 to en
establishing
such as whe

Note 4 to entrT

|

ide 99:2007, definition 2.14]

interval
5 of quantities of the same kind that can be measured by a given measuring instrume
bystem with specified instrumental uncertainty, under defined conditions

Lry: The measuring interval over which the performance characteristics of an IVD medical d
lidated has been called the reportable range.

2009, A.2.8, for further information.

ry: For a discussion of the difference between interval and range, see [SO 18113-1:2009, A.2.11

ry: Adapted from ISO/IEC Guide 99:2007, definition 4.7.

al traceability
h measurementresult whereby the result can be related to a reference through a docume
nain of calibrations, each contributing to the measurement uncertainty

'ry: For this definition, a reference can be a definition of a measurement unit through its pra
br a measurement proceduresincluding the measurement unit for a nonordinal quantity,
t standard.

y: Metrological traceabilityrequiresanestablished calibration hierarchy. The sequence of measure
d calibrations thatis.usSed to relate a measurement result to a reference is called a traceability d

Jues. See ISO 175Y1 for examples of traceability chains pertaining to IVD medical devices.
ry: Specification of the stated reference must include the time at which this reference was us

Lhe calibration hierarchy, along with any other relevant metrological information about the refer
théfirst calibration in the calibration hierarchy was performed.

[ry: The lower limit of a measuring interval is not necessarilj)the same as the detection limif.

Nt or

bvice

See

nted

tical
or a

Iment
hain.

al traceability chrain’is used to establish metrological traceability of a measurement result, inclyding

ed in
ence,

W V

quantity values should

itself be metrologically traceable and the calibration hierarchy involved can fo

f the
rm a

branched structure or a network. The effort involved in establishing metrological traceability for each input
quantity should be commensurate with its relative contribution to the measurement result.

Note 5 to entry: A comparison between two measurement standards can be viewed as a calibration if the
comparisonis used to check and, if necessary, correct the quantity value and measurement uncertainty attributed
to one of the measurement standards.

Note 6 to entry: The abbreviated term traceability is sometimes used to mean metrological traceability as well
as other concepts, such as sample traceability or document traceability or instrument traceability or material
traceability, where the history (trace) of an item is meant. Therefore, the full term of metrological traceability is
preferred if there is any chance of confusion.

Note 7 to entry: Adapted from ISO/IEC Guide 99:2007, definition 2.41.
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3.20

metrological traceability chain

traceability chain

sequence of measurement standards and calibrations that is used to relate a measurement result to a
reference

Note 1 to entry: A metrological traceability chain is defined through a calibration hierarchy.
Note 2 to entry: A metrological traceability chain is used to establish metrological traceability of a measurement result.
Note 3 to entry: A comparison between two measurement standards may be viewed as a calibration if the

comy arisonisusedtocheckand ifnecessarv correctthe q1mnfih/ valuie and measurement nincertain y attributed
to onle of the measurement standards.

[ISOYIEC Guide 99:2007, definition 2.42]

3.2
packed cell volume
volume fraction of the erythrocytes in blood

Notell to entry: Expressed either asa decimal fraction (SI) or as a percentage (cotiventional). ST units (L/L) are implied.

Note| 2 to entry: Sometimes referred to as “haematocrit” after the instrument originally used| to estimate
packed cell volume.

3.22
reagent system
in vitro diagnostic medical device that produces a signal;in response to a measurable quantity

EXAMPLE For glucose monitoring devices, the signal can be a chemical or electrochemical|response to
glucgse in a blood sample

3.23
reference measurement procedure
meapurement procedure accepted as providing measurement results fit for their intended use in
assepsing measurement trueness of-measured quantity values obtained from other mpasurement
prodedures for quantities of the same kind, in calibration, or in characterizing reference materials

[ISOYIEC Guide 99:2007, definition 2.7]

3.2

reference quantity value

reference value

quantity value used as a basis for comparison with values of quantities of the same kind

Note|1 to entry: A reference quantity value can be a true quantity value of a measurand, in whjch case it is
unkrlown, '0r-a conventional quantity value, in which case it is known.

Note 2 to entry: A reference quantity value with associated
measurement uncertainty is usually provided with reference to

— amaterial, e.g. a certified reference material,
— adevice, e.g. a stabilized laser,

— areference measurement procedure,

— acomparison of measurement standards.

[ISO/IEC Guide 99:2007, definition 5.18]

© IS0 2013 - All rights reserved 7
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3.25

system accuracy

closeness of agreement between a set of representative results from a measuring system and their
respective reference values

Note 1 to entry: The term accuracy, when applied to a set of measured values, involves a combination of random
error components and a common systematic error or bias component.

Note 2 to entry: Reference values are assigned by a measurement procedure traceable to a reference measurement
procedure of higher order.

ion ndard eI s the

measuremer|t results from 95 % of the samples eing evaluated.

conformity[testing on the basis of one or more specimens of a product representative-of the produ¢tion
Note 1 to enflry: A one-time test intended to verify adequacy of the design of a productto meet a safety stanglard.

3.27
user adjustment of a blood-glucose monitoring system
procedure described in the instructions for use in which the user enters a number, inserts a code §trip
or chip, etc.| so that the system achieves acceptable performance characteristics

Note 1 to enfry: Based on the concept of “adjustment of a measuring system” given in ISO/IEC Guide 99:R007,
definition 3.11.

3.28
user verifigation of a blood-glucose monitoring system
design featyire that allows the user to confirm the*correct functioning of the blood-glucose monitdring
system and|the correct execution of the measurement procedure

4 Desigh and development

4.1 Gengqral requirements

The requirgments specified #11\ISO 13485 pertaining to design and development apply.

4.2 Metrplogical traceability
The requirgmentssspécified in ISO 17511 pertaining to calibration and metrological traceability apply.

The manufycturer’s selected or standing measurement procedure in the calibration hierarchy |may

measure lu cotain aithar camillargy Whlaad Ay st 1oy nlacina capanlac
gltesSe-in-eithereapilary blood-ercapilaryplasmasamples:

If capillary plasma samples are used with the manufacturer’s selected measurement procedure, then
the blood-glucose monitoring system may report glucose measurement results as plasma glucose
equivalents, even though the samples being measured by the blood-glucose monitoring system are
capillary blood.

NOTE1 Plasma-equivalent results are preferred.

If measured values of the blood-glucose monitoring system are reported in units of a different sample
matrix (e.g. plasma instead of blood), the manufacturer shall provide details of the conversion and
supporting validation data to users upon request

8 © IS0 2013 - All rights reserved
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The traceability chain should include as few steps as practical to minimize the combined measurement
uncertainty.

NOTE 2  Atraceability chain foratypical factory-calibrated capillary blood-glucose monitoring system is shown
in Annex B. This example is not intended to represent the only possibility of a suitable calibration hierarchy.

4.3 Safety and risk management

4.3.1 General requirements

The requirements specified in IEC 61010-1 and IEC 61010-2-101 pertaining to safety apply.

The requirements specified in ISO 14971 pertaining to risk assessment and risk control’apply.

NOTE ISO 14971, Annex H, contains guidance for risk management of in vitro diagnostic medicql devices.

4.3.2 Risk assessment and control
Riskfs shall be assessed at a minimum from the following possible causes\of hazardous situations:

a) |nterference by endogenous and exogenous blood components, other than the measurand, including
iwhere appropriate those listed in Annex A;

b) Influence of packed cell volume on the measured values;

c) [failure to adjust the meter properly, e.g. coding;

d) pse of expired reagents;

e) |mproper test strip insertion;

f) Insufficient sample volume;

g) result beyond the measuring interval displayed, e.g. higher or lower;
h) font style and size of display for-visually impaired users;

i) misread of the measuregd value if the display has a missing segment;
j)  Impact of battery removal on stored data or values;

k) pffect of moving.the device or touching buttons during measurement;
1) hazards asseciated with transmitting data, e.g. by cable, wireless;

m) risk control measures shall be implemented where necessary to reduce or control the risks to an
hcceptable level.

4.3.3 Risk acceptability criteria

The risk acceptability criteria shall, at a minimum, take into account the following factors when
evaluating risks to users:

a) intended use of the blood-glucose monitoring system;

b) established performance criteria;

c) intended user population, e.g. users’ skills and limitations;
d) system’s ability to detect a failure;

e) consequences of an undetected failure;

© IS0 2013 - All rights reserved 9
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f) state of the art in blood-glucose monitoring;
g) contamination by bloodborne pathogens.

NOTE This International Standard does not specify criteria for acceptable risks.

4.4 Ergonomics and human factors
The requirements specified in IEC 62366 pertaining to human factors apply.

The design of the blood-glucose monitoring system shall take into consideration ergonomic and human

factors reqy trementsfor-the funuvvius.

a) ease ofpperation;
b) ease ofjmaintenance;
c) ease ofcleaning and disinfection;

d) protection from “wear and tear” that might typically be encountered in{ the use environment,
including impact of cleaning and disinfection on the equipment;

e) readablility of the measured values;
f) unambjguous messages to the user, e.g. “low battery” or “low reSult”, rather than simply “low”

NOTE1 Blood-glucose monitoring systems intended for self-testiigiare used by lay persons with different
physical and|mental abilities.

NOTE 2  These systems are often transported by the users, who need to conduct measurements in a varigty of
settings.

4.5 User|verification requirements

The design pf the blood-glucose monitoringSystem shall allow the user to check:

a) correct{functioning of the blood-glucese monitoring system, (i.e. system control); and
b) correctlexecution of the test in€luding the sequence of the procedural steps.

User verificption should be performed at the time of use.

NOTE “At the time of us€™yiieans before, during, or immediately after the execution of the test.
User verificption shouldbe integrated into the test if reasonably practicable.

User verificptionsshall give unambiguous information.

5 Safety and reliability testing
5.1 General requirements

5.1.1 Test protocol
Test design, data analysis procedure and acceptance criteria shall be described in a protocol.

NOTE1 The tests in Clause 5 are design verification activities, which are intended to provide assurance that
the product has the capability to consistently meet the safety and reliability specifications set for it.

NOTE 2  This International Standard is not intended to specify all design verification activities that may be
required to demonstrate that the design outputs meet the design input requirements for safety and reliability.
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NOTE 3  The tests described in 5.2 to 5.8 are type tests.

NOTE 4  The tests described in 5.10 to 5.12 are performance tests.

The protocol shall specify the number of meters, reagent units, and replicate measurements per meter.
For performance tests, the protocol shall include statistical rationale.

Specified testing requirements are minimum requirements.

5.1.2 Meters and reagent systems

Metg¢rs and reagent systems shall be representative of routine production units.
For fype tests, at least three meters should be used in each test.

For performance tests, at least 10 meters shall be used in each test.

5.1.3 Acceptance criteria
Pasg/fail criteria for the type tests in 5.2 to 5.8 are specified in the applicable standards.

Pasg/fail criteria for the performance test in 5.9 shall be based, oni acceptability of the ¢ffect of the
challenge on bias and repeatability of the glucose measurements: The criteria should be rdlated to the
system accuracy performance criteria in 6.3.3.

The fationale for the acceptance criteria shall be documented in the protocol.

Theblood-glucose monitoring system shall passthe aceeptance criteriain each testprotocol. AJternatively,
the dystem shall be rendered non-functional and shall not display a numerical glucose result.

Failyres to meet acceptance criteria shall bednvestigated.

5.2 | Protection against electric shock

The requirements specified in IEE 61010-1 pertaining to protection from electric shock apply.

5.3 | Protection against mechanical hazards

The requirements specified in IEC 61010-1 pertaining to protection against mechanical hazards apply.

5.4 | Electromagiietic compatibility

The [ requirements specified in IEC 61326-1 and IEC 61326-2-6 pertaining to elecfromagnetic
compatibility (EMC) apply.

If thi meter can be connected to other equipment such as a computer or cell phone, then EMC testing
shall also be performed on the meter when so connected unless the meter is incapable of performing a
glucose test when connected to other equipment.

Ifrisk assessmentindicates that exposure to higher levels of radiation or electrostatic discharge presents
an unacceptable residual risk to the lay person, then the device shall be tested at higher levels.

5.5 Resistance to heat

The requirements specified in IEC 61010-1 pertaining to heat resistance apply.

5.6 Resistance to moisture and liquids

The requirements specified in IEC 61010-1 pertaining to resistance to moisture and liquids apply.
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5.7 Protection against liberated gases, explosion and implosion

The requirements specified in IEC 61010-1 pertaining to protection against liberated gases, explosion,

and implosion apply.

5.8 Meter components

The requirements specified in IEC 61010-1 pertaining to meter components apply.

5.9 Performance test

A performance test shall be performed before and after each determination of mechanical resist|
to vibratior] and drop testing (see 5.10) and protection against exposure to temperature and-hum
levels (see 3.11 and 5.12).

Prior to each performance test the blood-glucose meter shall be equilibrated to 23 °C £'2°C.

A suitable cpntrol material should be used for the performance tests. The manufacturer’s recomme
control material may be used.

ance
idity

nded

Analytical yariability due to the sample, reagent system components and-meter components shalll be

taken into donsideration when designing the test and developing acceptdnce criteria.

A check stifip, which simulates a reagent strip after reaction with¢glucose, or similar alternatiy
analysing the manufacturer’s recommended control material, may.be used to demonstrate the imnj
on measurement system performance.

Test samplgs shall be measured in the order specified in the'protocol.

Average glucose concentration and repeatability shall be-calculated before and after each challenge
the differenjce shall be compared to the acceptance cyxiteria.

— Acceptdnce testforbias: the difference between the average glucose concentration after the chall
and thelaverage glucose concentration hiefore the challenge shall be calculated and compared t
acceptgnce criteria for bias.

— Acceptdnce test for repeatability:) the square root of the difference between the repeatal
variande after the challenge and-the repeatability variance before the challenge shall be calcul
and corppared to the acceptance criteria for repeatability. Alternatively, an F-test for equivalen|
the varjances may be performed.

5.10 Mechanical resistance to vibration and shock

5.10.1 Vibration. test

e to
pact

and

Pnge
h the

ility
ated
ce of

a) To demphnstrate resistance to vibration, the following steps shall be performed in sequence.

b) Perform the performance test described in 5.9.
c) Perform the vibration test as specified in IEC 60068-2-64.
d) After vibration testing is complete, repeat the performance test.

e) Therequirements specified in IEC 60068-2-64 pertaining to the vibration test apply.

5.10.2 Drop test
a) To demonstrate drop durability, the following steps shall be performed in sequence.

b) Perform the performance test described in 5.9.
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c) Perform the drop test as specified in I[EC 61010-1.

d) After drop testing is complete, repeat the performance test.

5.11 Equipment temperature exposure limits for storage

5.11

.1 High temperature test

7:2013(E)

a) Todemonstrate acceptable performance after storage at high temperature, the following steps shall
be performed in sequence.

b)
‘)
d)
e)
f)

5.11.2 Low temperature test

a)

b)
‘)
d)
e)
f)

5.17%

Perform the performance test as described in 5.9.

Place each meter in an environmental chamber that shall be monitored for internal’tem
ncrease the temperature to 50 °C £ 2 °C and leave at this temperature for 8, in the cha
Allow the meter to cool to a temperature of 23 °C + 2 °C and repeat the performance tes

For those systems in which the reagent system is an integral component of the meter
be separated from the device, the high temperature exposure conditions shall be limite
ronditions specified by the manufacturer.

Fo demonstrate acceptable performance after storage'at low temperature, the followin
be performed in sequence.

Perform the performance test as described in-5:9.
Place the meter in an environmental chamber that shall be monitored for internal temp
Pecrease the temperature to —20 °C#2 °C and leave at this temperature for 8 h in the c
Allow the meter to warm to a temperature of 23 °C + 2 °C and repeat the performance

For those systems in which the reagent system is an integral component of the meter
be separated from the device, the low temperature exposure conditions shall be limite|
conditions specified byythe manufacturer.

Equipmenthumidity exposure limits for storage

performed/in sequence.

Perform the performance test described in 5.9.

perature.
mber.
t.

and cannot
d to the use

b steps shall

erature.
hamber.
Pst.

and cannot
d to the use

Fo demonstrate acceptable performance after storage at high humidity, the following stieps shall be

Iace the meter In a humidity chamber.

d) Stabilize the relative humidity, non-condensing to 93 % * 3 % and a temperature of 32 °C £ 2 °C.

e) Leave the meter in the humidity chamber for 48 h.

f) Remove the meter, equilibrate it until it reaches a temperature of 23 °C + 2 °C and a relative humidity
of < 60 % for 15 min and repeat the performance test.
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6 Analytical performance evaluation

6.1 General requirements

6.1.1 Eva

luation protocol

Evaluation of analytical performance characteristics shall be conducted as part of the manufacturer’s
design and development process. The requirements specified in [ISO 13485 for design verification apply.

NOTE 1
that the devi

The evaluations in Clause 6 are design verification activities, which are intended to provide assurance

NOTE2 T
required to

The perforr
shall specif
and the nur
other releva

Where a sp
design shal

TrorS—cIrC-CorpooTITTy to-CooTSTeTry rre oot TOT et

his International Standard is not intended to specify all design verification activities that\m
emonstrate that the design outputs meet the design input requirements for analytical perform

hance verification studies shall be performed according to a written protocol.'The pro
y the acceptance criteria, the statistical design, including the number and type of san
hbers of meters, reagent units and replication measurements, experimental conditions
nt details, and the data analysis procedures including the treatment.of outliers.

ecified experimental requirement is not practicable, an alternative statistically valid s
be described and justified in the protocol.

y be
hnce.

ocol
Iples
and

tudy

The perforiance criteria for system accuracy in 6.3.3 shall not bédirectly applied to verificati¢gn of

other perfo
for these co
their contri

All compong

‘mance characteristics, such as precision, bias or influence quantities. Acceptability cri
mponents of system accuracy shall be determined by-the manufacturer, taking into acc
bution to system accuracy performance.

shall be rep

The blood-glucose monitoring system shall be adjusted according to the manufacturer’s instructiong

viacoding,
unless the

The manuf3

6.1.2 Samples

Samples shg
characteris

nts ofthe blood-glucose monitoring system, inchuding meters, reagent system and accessd

ips),ifadjustmentisrequired. No adjustments shallbe made betweenreplicate measuren
anufacturer’s instructions specify an adjustment is required before each measurement,

11l meet the requirements of the instructions for use and be appropriate for the perform
'ic being evaluated. Additional requirements for samples may be specified in 6.2 to 6.5.

If higher g
anticoagul

high concer]
alter the sa

cose concentrations are needed, blood samples may be collected with an approp
t and.then supplemented with a saline solution of 0,9 % mass concentration contain
tration-of glucose. The dilution should be as minimal as possible and shall not signific3
nple'matrix. Supplemented samples shall be allowed to stand for at least 15 min beforsg

esentative of routine production units. Any differences shall be described and justified.

feria
punt

ries,

(e.g.
ents

cturer’s specified setup andieontrol procedures shall be performed prior to each evaluation.

Ance

riate
ng a
intly
b use

to allow th

Adad o1 s blhwatra baot +h ] dxadll 4 11
[ziviviwivy SlubUDU Y ClelllllJl dlUT UUTLVWULUITL LIIT ylaoula dllu 1T CU UIUUU CU11O.

If lower glucose concentrations are needed, blood samples may be collected with an appropriate
anticoagulant and incubated to allow glycolysis to occur. The anticoagulated blood samples may be
allowed to age until glucose is depleted to the desired levels. Incubation conditions (e.g. temperature,
mixing) that produce samples compatible with the blood-glucose monitoring system being evaluated
(e.g. without haemolysis) shall be determined by the manufacturer. The maximum temperature for
aging shall be 37°C.

Commutability of modified samples shall be verified with the blood-glucose monitoring system
being evaluated.

NOTE Referencel20] provides guidelines for demonstrating commutability of a reference material.
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Unexpected results when using modified samples shall be investigated by comparison to fresh, unaltered
blood samples.

6.1.3 Data exclusion criteria

If a measurement result is generated during a performance evaluation, it may be excluded from the data

only

in the following circumstances:

— theblood-glucose monitoring system user recognizes thatan error was made and documents the details;

— the meter system error or failure requires the user to retest; if displayed, the meter error (e.g. error

6.1.4
Data
Whe

In ag

studly report:

a)
b)

‘)

d)

[TUMDer or failure type) shall be documented;
'he meter QC results are out of tolerance or not obtained;

Fhe sample was tested when QC results from the reference measurement procedure
hcceptable limits or were not obtained;

Lhe blood sample was outside the manufacturer’s specifications for an influence quan
packed cell volume;

the change between first and last reference values indicate gluegse instability in the sg
bn predetermined criteria;

EXAMPLE Reference values differ by > 4 % at glucose 25,55 mmol/1(=100 mg/dl) or >
>4 mg/dl) at glucose < 5,55 mmol/I (<100 mg/dl)

nformation required to determine that the sample met the inclusion criteria is miss
yalue for packed cell volume).

|l Data analysis and presentation of results
analysis shall be based on the statistical methods specified in the protocol.
re data have been excluded, the teason for each exclusion shall be documented in the s

[dition to the specific requikements of 6.2 to 6.5, the following information shall be inc

h summary of the study design and reference to the evaluation protocol;

h full descriptieriof the samples used, including details of any sample alteration prog
ivere used and jdentification of the samples that were altered;

Hetaileddescription ofthereference measurementprocedure,includingrelevantanalytical
haracteristics, calibration traceability and validation or verification of imprecision and bi

were out of

ity, such as

mple based

0,22 mmol/1

ing (e.g. no

udy report.

uded in the

edures that

erformance
hS;

Fésults and conclusions of the evaluation, including calculated statistical parameters with confidence

ntervals where appropriate;

e) asummary of data analysis procedures and references to the statistical methods;

f) a summary of outliers identified and excluded from statistical analysis, including the method of
identification and the results of the investigation;

NOTE [SO 5725-2 and ReferencelZ] provide guidelines for identifying outliers.

g) graphical presentation of the results, where appropriate.

© IS0 2013 - All rights reserved
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6.2 Measurement precision

6.2.1 General requirements

Measurement repeatability and intermediate measurement precision shall be evaluated in simulated
conditions of intended use.

NOTE1 SO 5725-1 and ReferencelZ] describe general principles regarding the evaluation of precision of a
measurement method.

NOTE 2 The experiments can be designed to evaluate the effect of such factors as different lots, different
sample mateyt i i ot

When multiple factors are evaluated, analysis of variance (ANOVA) is the preferred statistical method.

6.2.2 Accpptance criteria

Acceptance|criteria shall be established in the study protocol.

Criteria for bd to

the system

measurement repeatability and intermediate measurement precision should be relatg
hccuracy performance criteria in 6.3.3.

NOTE1 M
are compong

easurement repeatability and intermediate measurement precisien, along with measurement|bias,

nts of system accuracy.

NOTE2 S
Standard. TH
random erro

jonal
ts of
tion.

bparate criteria for minimum acceptable precision and bias+are not specified in this Internat]
e system accuracy evaluation in 6.3 is designed to verify acceptability of the combined effe
I (imprecision) and systematic error (bias) for the blopd-glucose monitoring system under evalus

6.2.3 Measurement repeatability

6.2.3.1 Study design

Measureme al of

time, by a si

nt repeatability shall be evaluated with a series of measurements within a short intery
ngle individual using the same meter and reagent lot.

g

NOTE
method.

140 5725-1 and ReferencelZl provide guidelines for determining the repeatability of a measurement

The measur
lots, and 5
hypoglycae
meter, reag

Measureme
andreagent

ement repeatability_evaluation shall be conducted with a minimum of 10 meters, 3 reg

samples with.glucose concentrations representing hyperglycaemic, euglycaemic
mic conditions:vAt least 10 measurements shall be performed with each combinatid
ent lot and Sample.

nt repéatability data shall be collected over a span of time not to exceed one day per 1
lotcombination. The evaluation shall be designed to minimize the effect of glucose instal

gent
and
n of

eter
ility

e

in the samp,

The evaluation may be performed by a single user. If multiple users are included in the evaluation, the study
design shall allow for the estimation of measurement repeatability using an appropriate statistical method.

Alternatively, an overall evaluation of measurement precision may be designed to estimate measurement
repeatability together with the other variance components that comprise intermediate precision
instead of following the procedure in 6.2.3.3. Analysis of variance (ANOVA) or other valid statistical
methods may be used.

6.2.3.2 Samples

The measurement repeatability evaluation shall be performed with human blood samples. The preferred
sample is venous blood collected into tubes containing an anticoagulant specified by the manufacturer.
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The packed cell volumes shall be within 0,351/1to 0,50 1/1 (35 % to 50 %).

A sample from each glucose concentration interval specified in Table 1 shall be used. The glucose
concentration values of the samples may be determined by the blood-glucose monitoring system.

A preservative that does not interfere with the glucose measurements (e.g. maleimide, fluoride,
monoiodoacetate), and is in accordance with the manufacturer’s recommendations, may be added to the
sample in sufficient amount to minimize glycolysis.

NOTE Despite the presence of fluoride, glycolysis has been reported to occur for up to 4 h.[8]

Tabtet—Blood-glucose comcentratiom intervals formeasurement repeatabitity eyaluation

Glucose concentration
mmol/I (mg/dl)

1,7 to 2,8 (30 to 50)
2,9to0 6,1 (51to 110)
6,2 to 8,3 (111 to 150)
8,4 to 13,9 (151 to 250)
14,0 to 22,2 (251 to 400)

Interval

G| W=

6.2.3.3 Evaluation procedure

The pamples shall be equilibrated to a temperature of 23*°C + 5 °C and maintained within # 2 °C of the
starfing temperature during the evaluation.

The $amplesshallbe thoroughly butgently mixed byinversionbefore takingeach portion for mg¢asurement.
The peagent system units for each meter shallbe taken from the same vial/package.
The pvaluation shall be performed in the following sequence.

a) Assign avial/package of reagent’system units to each meter.

b) [rake one reagent system unit out of a vial/package and apply the sample. Record the refsult.
c) Repeat step b) nine more times using the same meter.

d) Using the same sample, repeat steps b) and c) with each of the nine remaining meters pnd vials or
packages. Thisiresults in a total of 10 measured values per sample per meter.

e) [lake themext sample and repeat steps a) to d).

To confirmythat the glucose concentration in each sample is stable, aliquots shall be removed immediately
befofre-the' first and immediately after the last measurement by the blood-glucose monitofing system
and measured in duplicate hy the manufacturer’s reference measurement procedure

If these results exceed predetermined stability criteria (see 6.1.3), then the measured values for that
sample shall not be used and all measurements shall be repeated with a different sample.

6.2.3.4 Data analysis and presentation of results

The average, standard deviation and coefficient of variation (CV) shall be calculated for each combination
of glucose concentration and reagent lot.

The grand average, pooled variance, pooled standard deviation (with 95 % confidence interval) and
pooled CV for each glucose concentration shall be calculated using the measurement results from all
three reagent lots.
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In addition to the requirements of 6.1.4, the following information shall be reported:

a)
b)

average of the glucose measured values for each sample;

measurement repeatability standard deviation (with 95 % confidence interval) and coefficient of
variation (CV) for each glucose concentration = 5,55 mmol/I (2100 mg/dl) and standard deviation
(with 95 % confidence interval) for each glucose concentration < 5,55 mmol/I (<100 mg/dl).

6.2.4 Intermediate measurement precision

6.2.4.1 Study design

Intermediate measurement precision shall be evaluated in normal conditions of use, by an indivj?ual
using the same meter and reagent system lot over multiple days. The study design shall include-mu
users and reagent lots.

iple

The evaluatiion shall be conducted with a minimum of one measurement of each sample per day and ghall
be conducte¢d with a minimum of 10 meters, 3 reagent lots and 3 glucose concentrations representing

hyperglyca¢mic, euglycaemic and hypoglycaemic conditions, over at least 10 days.

NOTE I40 5725-3 and ReferencelZ]l provide guidelines for determining the\intermediate precision| of a

measuremer]t method.

6.2.4.2 S3mples

The intermpdiate measurement precision evaluation shall be performed with control materials{The
preferred samples are the control materials provided by themanufacturer. Alternative control matefrials

may be usedl if approved by the manufacturer of the blood:glucose monitoring system.

Samples sh3ll be prepared according to the instructions for use for the control material. Sample stability

over the evaluation period shall be validated.

Samples shall be prepared with glucose concentrations in the intervals specified in Table 2. The glucose

concentratipn values may be determined by the blood-glucose monitoring system.

6.2.4.3 Evalaatienprocedure

Table 2 - Blood-glucose concentrhation intervals for intermediate measurement precision

evaluation
Litetval Glucose concentration
mmol/1 (mg/dl)
1 1,7 t0 2,8 (30 to 50)
2 5,310 8,0 (96 to 144)
15,5 to 23,3 (280 to 420)

The reagent system units for each sample shall be taken from the same vial/package.

The evaluation shall be performed in the following sequence.

a)
b)
‘)
d)

18

Assign a vial/package of reagent system units to each meter.
Take one reagent system unit out of each vial/package and apply the sample. Record the result.
Repeat step b) for each sample.

Repeat steps b) and c) once each day with each of the nine remaining meters and vials or packages for
a total of 10 days. The same vial/package is used for each meter throughout the evaluation period.
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6.2.4.4 Data analysis and presentation of results
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The average, standard deviation and CV shall be calculated for each glucose concentration and reagent lot.

The grand average, pooled standard deviation (with 95 % confidence interval) and pooled CV for each
glucose concentration shall be calculated using the measured values from all three reagent lots.

NOTE

The pooled standard deviation and pooled CV are measures of the intermediate measurem

of a single system over multiple days.

entprecision

Analysis of variance is the preferred method for calculating intermediate precision and components of
variance.

In ag

a)
b)

6.3

6.3.]

Syst
mea
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NOTE

6.3.2

Are
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If th
not

after

True
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NOTE 1

dition to the requirements of 6.1.4, the following information shall be reported:
hverage of the glucose measured values for each sample;

ntermediate measurement standard deviation (with 95 % confidence interval) and c
yariation (CV) for each glucose concentration = 5,55 mmol/l (2100 mg/dl and standat
(with 95 % confidence interval) for each glucose concentration < 5,55"mmol/I (<100 mg

System accuracy

| General requirements

bm accuracy capability shall be evaluated with ¢resh blood samples by compar
surements from the blood-glucose monitoring system to reference glucose values.

bvaluation shall be conducted in actual conditiens of use, preferably in a diabetes mellitu
C or hospital setting. Ambient temperature;shall be maintained at 23 °C + 5 °C.

The 10 °C temperature interval includesthe temperatures that typically existin a clinic or ho

v

. Glucose reference values

ference measurement procedure that conforms to the traceability requirements of ISO
sed to assign the glucose teference values. Glucose reference values shall be the averag
icate measurements. AnVD medical device (e.g. in a medical laboratory) shown to ha
brmance characterjstics may be used to assign the reference values. Traceability and p
mation obtained-frem the manufacturer may be used to make this determination.

e glucose reference measurement procedure is not intended to measure blood samples
pecify a ptocedure to remove cells, the aliquots of the sample shall be centrifuged i
collection/to obtain plasma.

ness and precision of the reference IVD medical device shall be verified during the p

befficient of
d deviation

/d).

ng glucose

5 outpatient

Epital setting.

17511 shall
e of at least
Ve adequate
erformance

and it does
mmediately

erformance

hation. Reference materials used for verification shall be suitable for this purpose and

be qualified

ommutability and stability.

The Joint Committee for Traceability in Laboratory Medicine (JCTLM) lists reference materials,

reference measurement procedures, and reference measurement laboratories that are suitable for assigning
glucose reference values.[9]

NOTE 2

performance verification.

EXAMPLE 1

pred

EXAMPLE 2

etermined acceptability criteria for bias.

Precision is verified by comparing the standard deviation of daily measurements

glucose quality control material to predetermined acceptability criteria for intermediate precision.
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Some manufacturers of IVD medical devices provide trueness control materials intended for

Trueness is verified by comparing measurement bias using suitable glucose reference materials to

of a suitable
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6.3.3 Minimum system accuracy performance criteria

The blood-glucose monitoring system shall meet both of the following minimum criteria for acceptable
system accuracy. The system accuracy performance criteria shall apply to system accuracy studies
performed by trained operators using blood-glucose monitoring devices that have been properly
maintained, adjusted and controlled in accordance with the instructions for use.

a) 95 % ofthe measured glucose values shall fall within either + 0,83 mmol/1 (+15 mg/dl) of the average
measured values of the reference measurement procedure at glucose concentrations < 5,55 mmol/I
(<100 mg/dl) or within *+ 15 % at glucose concentrations = 5,55 mmol/1 (=100 mg/dl).
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Grid (CEG) for type 1 diabetes.[10]

Criterion A ghall be applied to each reagent lot individually. The measured values from each lot shdll be
analysed arld reported separately.

Criterion B shall be applied to the 3 reagent lots taken together. All measured values from the 3 lots fhall
be combinef before analysis and reporting.

NOTE1 The system accuracy performance criteria for design verification are minimum criteria that dp not
take into accpunt the influence of user technique. The appropriate design verification criteria for system accyracy
are determined by the manufacturer.

NOTE 2  The design validation study (Clause 8) includes the user-to-uset;variability expected from lay usprs.

6.3.4 Stugly design

The minimym evaluation shall be conducted with 100 different subjects taking duplicate measurenients
from each of 3 reagent lots. The glucose concentrations shall span the measuring interval.

NOTE1 The minimum study design to evaluate systém accuracy will result in 600 glucose measured vhlues
(200 from edch of 3 reagent lots).

The study ghall be designed so that contributors to systematic error (measurement bias) and rarjJdom
error (measurementimprecision) thatweuld normally be experienced by intended users will be inclyded.

For blood-glucose monitoring devices/that combine the skin puncture and measurement step$, an
alternative ptatistically valid study ‘design may be used.

More than ¢ne meter per subject may be used to minimize the time between replicate measuremgnts.
If more thap two meters are-used, the protocol shall specify that equal numbers of samples shafll be
measured with each meter:

NOTE 2  The evaluation procedure in 6.3.6 assumes each subject will use two different meters.

A validated|disinfection method shall be available if a meter is to be used by more than one subject| The
meter shallpetleaned and disinfected after each user to avoid the transfer of blood-borne pathoggns.

6.3.5 Samples

The evaluation of system accuracy shall be performed with fresh capillary blood samples, each with
sufficient volume for the blood-glucose monitoring system measurements and reference measurements
specified in the study protocol.

Capillary blood samples shall be collected, prepared and processed according to the instructions for use
for the glucose monitoring system, including sample pre-treatment where required. Sample containers
designed for the collection of capillary blood shall be used. Containers may contain an anticoagulant
recommended for use with the system.
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The glucose concentration of each sample shall be determined by the glucose reference measurement
procedure. The glucose concentrations shall be distributed in the bins specified in Table 3. Once a
concentration bin is filled with samples, no additional samples shall be added to that bin.

Exclusion criteria for samples, such as packed cell volume, shall be based on the instructions for use for
the glucose monitoring system.

Table 3 — Blood-glucose concentrations of samples for system accuracy evaluation

Percentage of Gl .
Bin # samples ucose concentration
mmol /] (mg/dl)
% 4 e
1 5 <2,77 (£ 50)
2 15 > 2,77 - 4,44 (> 50 - 80)
3 20 > 4,44 - 6,66 (>80 -120)
4 30 >6,66-11,10 (> 120 - 200)
5 15 >11,10 - 16,65 (> 200=300)
6 10 > 16,65 - 22,20 (>300 - 400)
7 5 > 22,20 (2400)

If the study population does not provide a sufficient numbervof fresh capillary blood s3
very|low and very high glucose concentrations, modified ¢apillary blood samples in which
condentration has been raised or lowered may be substituted to achieve the required distribu
to the following limitations. Methods for adjusting the-glucose concentration are described 1

Bin #2: at least 8 capillary blood samples shallibe unaltered.
Bins #3 to #5: all capillary blood samples shall be unaltered.

Bin #6: at least 5 capillary blood samples shall be unaltered.

6.3.6 Evaluation procedure

Allr
The

a)
b)

)

d)

e)

f)

g)

pagent system units for a'sample shall be taken from the same vial/package.
evaluation shall be performed in the following sequence.

Assign numbersto the vials or packages (e.g. 1 to 10 for each reagent lot).
Dbtain a samiple of fresh capillary blood by skin puncture (e.g. fingerstick).

Remove-an aliquot of the sample immediately before the first measurement by the bl
monitoring system and obtain glucose measurements by the reference measurement pi

mples with
the glucose
Fion, subject
n6.1.2.

bod-glucose
ocedure.

f the reference measurement prnr‘ndnrn is anignnd for p]acma camp]nc’ pnrfnrm

preparation procedure.

the plasma

Remove two reagent system units from a vial/package and measure the glucose concentration in

the sample using two different meters. Record the measured values.

Samples shall be applied to the reagent system unit as described in the instructions for use for
the glucose monitoring system (e.g. directly from the subject’s skin puncture or by an alternate

procedure previously demonstrated to provide equivalent results).

If samples were modified as described in 6.1.2, they shall be applied in a manner that simulates
the procedure specified in the instructions for use, taking into account possible influences such as

sample temperature.

© IS0 2013 - All rights reserved
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h) Change vials or packages every 10 subjects and ensure that reagent system units from each vials
are used in the evaluation.

i) Repeatstep d) for the other 2 reagent lots.

j) Remove an aliquot of the sample immediately after the last measurement by the blood-glucose
monitoring system and obtain glucose measurements by the reference measurement procedure.

k) Evaluate the first and last reference values to verify sample stability. If these results indicate an
unacceptable change in glucose concentration based on predetermined criteria (see 6.1.3), then the
results for that subject shall be excluded. The rejected sample shall be replaced with another sample
in the sprre-glucose-concentrationbin-

1) Repeatisteps b) to g) with the next subject.

6.3.7 Datp analysis and presentation of results

6.3.7.1 General requirements

The complete set of data shall be documented and the selection of data used-in the calculations fhall

be described.

Outlier datgd may not be eliminated from the data used in determining-acceptable system accuracy], but

may be excluded from the calculation of parametric statistics to aveid distorting estimates of cefptral

tendency and dispersion.

NOTE 140 5725-2 and Referencelll] provide guidelines for identifying statistical outliers.

In addition to the requirements of 6.1.4, the following information shall be included in the study report:

a) total nymber of samples analysed;

b) interval of measured glucose values;

c) scatterjplot of the data.

6.3.7.2 Graphical analysis

The averagg of the reference valuye$§ shall be plotted as the independent variable. The difference betyeen

each indiviflual measured valdeé from the blood-glucose monitoring system and the average of the

reference values shall be plotfed as the dependent variable.

Outlier datg should beepresented by a different symbol.

NOTE1  Aldifference’plot is the recommended approach for determining system accuracy because statistical

assumptions aresmifiimal and the percentage of data points meeting the system accuracy performance criferia,

as well as esf

NOTE 2

imating bias, are easily calculated. Referencesl[11] and[12] provide guidelines for difference plot

S.

for the graphical evaluation of system accuracy.

EXAMPLE

from 6.3.3.

22

Plotting percentage difference against concentration at low concentrations is generally not suitable

A plot of measured values from an evaluation of a blood-glucose monitoring system is illustrated
in Figure 1 (mmol/I) and Figure 2 (mg/dl). The two bold lines represent the system accuracy performance criteria
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6.3.7.3 Determination of system accuracy acceptability
Acceptabilify of system accuracy performance shall be determined using all samples that mef the
inclusion crjiteria regardlessiof'their glucose concentrations. All measured values from each reagent lot
shall be included in the détermination, including any measured values identified as statistical outliers,
unless one ¢f the specific.data exclusion criteria in 6.1.3 were met.
The acceptgbility eritéria specified in 6.3.3 shall be applied as follows.
Criterion A

For each lot individually, calculate the total number of acceptable values by adding the number of
acceptable values at glucose concentrations < 5,55 mmol/l (<100 mg/dl) and the number of acceptable
values at glucose concentrations = 5,55 mmol/l (2100 mg/dl). Calculate the percentage of acceptable
values based on the total number of measured values. Each lot shall pass acceptability criterion A.

EXAMPLE1  Forthefirstlot,thetotalnumber of measured valuesis200.For glucose concentration <5,55 mmol/1
(<100mg/dl),47valueswithwerewithin+0,83mmol/lofthereferencevalue.Forglucoseconcentration>5,55mmol/1
(2100 mg/dl), 146 values were within * 15 % of the reference values. The total number of acceptable values is 47
+ 146 = 193. Therefore 193 of 200 values (96,5 %) are within the system accuracy criteria defined in 6.3.3.

NOTE The number of samples in each concentration interval does not provide adequate statistical confidence
to assess system accuracy separately within the concentration intervals.

Criterion B
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For each lot, calculate the total number of values that fall in Zones A and B. Add the results from each
of the 3 lots together. Calculate the percentage of Zone A and B values based on the total number of
measured values across all 3 lots. The result shall pass acceptability criterion B.

EXAMPLE 2 The total number of measured values from all 3 lots is 600 (200 per lot). For lot 1, 198 values are
in Zones A and B; for lot 2, all 200 values are in Zones A and B; for lot 3, 198 values are in Zones A and B. The total
number of values in Zones A and B is 596. Therefore 596 of 600 values (99,3 %) are within Zones A and B.

6.3.7.4 Presentation of results for system accuracy

System accuracy results shall be presented in separate glucose concentration intervals in the
instyuctions for use:

— For glucose concentrations < 5,55 mmol/l (<100 mg/dl), results shall be expressed @s thg percentage
bf values falling within the following intervals: + 0,28 mmol/1 (+5 mg/dl), + 0,56 mmol/l (+10 mg/dl),
hnd * 0,83 mmol/1 (#15 mg/dl).

— For glucose concentrations 2 5,55 mmol/l (2100 mg/dl), results shall be expressed as thq percentage
bf values falling within the following intervals: + 5 %, = 10 %, and * 15 %.

The results shall be presented in a table for each concentration interyal.“The recommended [formats are
giveh in Tables 4 and 5. Percentage calculations shall be rounded tocthe nearest tenth of a pgrcent.

The results across the entire measuring interval may be presented in a single table. The recommended
format is given in Table 6. The interval spanning the highest dnd lowest reference concentration values
shall be given.

EXAMPLE Tables 4, 5 and 6 illustrate the presentatiomn of results from an evaluation study in which 100
subjgcts were enrolled. Three reagent lots were used, providing 600 measured values.

.

[able 4 — System accuracy results for glucose concentration < 5,55 mmol/1 (<100|mg/dl)

Within + 0,28 mmol/1
(Within + 5 mg/dl)

Within + 0,56 mmol/1
(Within £ 10 mg/dl)

Within % 0,83 mmol/1
(Within £ 15 mg/dl)

68/150 (45,3 %)

105/150 (70,0 %)

143/150 (95,3 %)

Table 5 — System accutracy results for glucose concentration > 5,55 mmol/1 (2100 mg/dl)

Withirs 5 %
2247450 (49,1 %)

Within + 10 %
383/450 (85,1 %)

Within + 15 %
439/450 (97,6 %)

Table 6 — System accuracy results for glucose concentrations between X,XX mmol/1 (XX mg/dl)
and YY,Y mmol/1 (YYY mg/dl)

Within 0,83 mmol/1 or 15 %
(Within +15 mg/dl or +15 %)
582/600 (97,0 %)

NOTE X, XX mmol/1 (XX mg/dl) represents the lowest glucose reference value and YY,Y mmol/I (YYY mg/dl)
represents the highest glucose reference value

6.4 Influence quantities

6.4.1 General requirements

The effect of influence quantities, such as packed cell volume and interfering substances in blood, shall
be evaluated and addressed in the risk management process. Effects that exceed the acceptability
criteria shall be disclosed in the instructions for use.
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Three reagent lots shall be used for the evaluation of influence quantities.

Multiple meters may be used for the evaluation of influence quantities. The evaluation shall be designed
to prevent meter-meter variation from confounding the observed effects.

6.4.2 Test sample requirements

The evaluation of influence quantities shall be performed with blood. The preferred sample is venous blood.

Samples may be collected from more than one donor.

Samples shpl-be-eqguilibratedtoatemperatareof 2326+ 5"Cand maintained—within+3—=°C—ef the
starting temperature during the evaluation procedure.
All measur¢ments by the glucose monitoring system and the reference measurement procédures ghall

be complete
that could i

NOTE F
the integrity

6.4.3 Pac

6.4.3.1 St

Evaluation

each of 3 gliicose concentrations. The glucose concentrations shall fall in the intervals specified i

2.The evalu

A multifact
designs are

Reference 1
glucose and

6.4.3.2 A
Acceptance

The packed
following p

measu]
packed

(fluence the glucose measurement results.

esh blood samples can experience changes in matrix upon aging and physical manipulation can §
of cell membranes. Such changes could affect the response of the blood-ghicose monitoring sys

ked cell volume evaluation

udy design

d within 36 h of sample collection. Further delay can lead to chemical or physical chajhges

ffect
em.

bf packed cell volume effects shall be conducted with'a-minimum of 5 packed cell volu

brial design (packed cell volume x glucose\concentration) is preferred. Other experimg
acceptable with statistical justification:

packed cell volume reference vdlues.

ceptance criteria
criteria for packed cell volume effects shall be established in the study protocol.

cell volume effects-shall be described in the instructions for use if they meet either o
erformance criferia.

For glucose concentrations < 5,55 mmol/l (<100 mg/dl), the difference between the ave

ed value at each packed cell volume level and the average measured value at the mid-
cellLvolume exceeds 0,55 mmol/l (10 mg/dl).

n Table

]l;ES at

ation may be expanded to include additional glucose concentrations and packed cell volujmes.

bntal

heasurement procedures with suitable precision and trueness shall be used to assign the

f the

rage
level

For glucose concentrations > 5,55 mmol/l (2100 mg/dl), the difference between the avd

rage

measured value at each packed cell volume level and the average measured value at the mid-level

packed

cell volume exceeds 10 %.

6.4.3.3 Sample preparation

The desired packed cell volumes may be prepared from blood by separating the plasma from the cells,
then adding aliquots of plasma to packed cells in different proportions.

NOTE

cause shearing of the cells and lead to haemolysis).

The integrity of blood samples can change upon aging and physical manipulation (e.g. pipetting can

The highest and lowest packed cell volumes shall include the range of acceptable packed cell volume
values specified in the labelling of the blood-glucose monitoring system. The mid-level sample shall be

adjusted to

26

42 % £ 2 %.
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The following procedure may be used to prepare 5 samples with desired packed cell volumes.

a)
b)

c)

Divide the pooled blood into 5 equal portions.
Centrifuge each portion to separate the cells from the plasma.

Pool the resulting plasma.

d) Resuspend the packed cells in different volumes of plasma to create a series of samples that includes

the highest and lowest acceptable packed cell volumes.

e) Assign a packed cell volume value to each sample using the reference measurement procedure.

The

Othd

6.4.

Each sample shall be gently but thoroughly mixed by inversion befere taking an aliquot for me

The

used, meters shall be rotated to avoid introducing bias due'to meter-meter differences.

a)
b)

A
d)

e)

f)

g)

6.4.

For ¢ach'glucose concentration and packed cell volume, data analysis shall be performed an
sepalrately for each reagent lot as follows

a)

b)

3.4 Evaluation procedure

3.5 Dataanalysis and presentation of results

following procedure may be used to adjust the samples to the desired glucose concentr
Pivide the blood at each packed cell volume into 3 equal portions.

Adjust the glucose concentrations to the desired values (see 6.1.2).

packed cell volume evaluation shall be conducted in the following sequence. If multiplg

Dbtain duplicate glucose measurements by the rgference measurement procedure.
Dbtain at least 10 glucose measurements using test strips from the first reagent lot.
Dbtain at least 10 glucose measurementsiusing test strips from the second reagent lot.

Dbtain at least 10 glucose measurerents using test strips from the third reagent lot.

blucose reference measurement procedure

Compare the reference glucose values from steps a) to €) to verify that the glucose conce
hot change during the évaluation.

f the results exceed predetermined stability criteria (see 6.1.3), then the measured va
sample shallnotbe used and all measurements shall be repeated with a different samp

htions.

r procedures thatresultin suitable samples for evaluating the effects of packed cell volume fnay be used.

asurement.

meters are

After meter testing is completed, obtain another set of duplicate glucose measuremlents by the

htration did

ues for that
e.

d presented

The average and the standard deviation of the measured values from the blood-glucose
system shall be calculated for each sample and reagent lot.

monitoring

From the measured values from the blood-glucose monitoring system and the reference values, the

glucose bias and % bias shall be calculated for each sample and reagent lot.

To determine the effect of packed cell volume on the measured values from the blood-glucose
monitoring system, the difference between the average glucose bias and the average bias of the
mid-level sample shall be calculated for each sample. The same calculation shall be performed for

each sample using the % bias calculated in step b).
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d)

If the effects meet the acceptability criteria and the results across the 3 lots are statistically

equivalent, all results at each glucose concentration may be averaged for presentation in the
instructions for use.

In addition to the requirements of 6.1.4, the following information shall be included in the study report:

the results and conclusions of the study, including

— the

— the

packed cell volume for each sample,

glucose reference value for each sample;

a graphiical presentation of the results, with packed cell volume plotted on the x-axis, the differ

from th
(positiy

6.4.4 Intg

6.4.4.1 St

The evaluaf]
2,8 mmol/1
19,4 mmol/

Substances
ISO 14971 ¢

Annex A co

with a glucpse measurement procedure. These substancés'shall be considered in the risk analysig

substance 1

A paired-sample experimental design that compares measured glucose values from samples wit

added subst
designs (e.g

NOTE R
recommende

Areference
reference v

6.4.4.2 A
Acceptance

The interfef
performang

e mid-level packed cell volume plotted on the y-axis, and the maximum allowable déeviat
e and negative limits) identified with a dashed line.

rference testing

udy design

ion shall be conducted at a minimum of 2 glucose concentrations, one within the intery
to 5,5 mmol/l (50 mg/dl to 100 mg/dl) and the other within the interval of 13,9 mmol
(250 mg/dl to 350 mg/dl).

to evaluate for possible interference shall be identifiedby risk analysis. The requiremer
ertaining to hazard identification apply.

htains a list of substances that could be presentin blood and have been found to inte

sted in Annex A is not evaluated experimentally, the decision shall be justified.

ance to a control sample without the added substance is recommended. Other experimg
. multifactorial) are acceptable with statistical justification.

ence
ions

al of
]l to

ts of

fere
JIfa

h an
bntal

pferencell3] provides guidelines for evaluating potentially interfering substances, incliding

d test concentrations.

measurement procedure with suitable precision and trueness shall be used to assign glu
hlues to the samples:

ceptance criteria
criteriafoy interference effects shall be established in the study protocol.

ence éffects shall be described in the instructions for use if they meet either of the folloy

cose

ving

e‘epiteria.

— For glucose concentrations < 5,55 mmol/1 (<100 mg/dl), the average difference between the test

sample

sample

and the control sample exceeds 0,55 mmol/1 (10 mg/dl).

and the control sample exceeds 10 %.

6.4.4.3 Sample preparation

For glucose concentrations = 5,55 mmol/1 (2100 mg/dl), the average difference between the test

The following procedure may be used to prepare 4 samples with desired combinations of glucose and
test substance concentration.

a) Obtain

28

2 pools of venous blood with glucose concentrations specified in 6.4.4.1.
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Adjust the glucose concentrations, if necessary, using the methods described in 6.1.2.

Divide each pool into two portions: a test sample and a control sample.

Add a concentrated solution of test substance to the test sample to create the desired concentration.

Add an equal volume of the solvent used to dissolve the test substance to the control sample.

Other procedures that result in suitable samples for interference testing may be used.

6.4.4.4 Evaluation procedure

Each sample shall be gently but thoroughly mixed by inversion before taking an aliquot for g

The

a)
b)

g)

h)

j)

k)

nterference testing shall be conducted in the following sequence:
Dbtain duplicate glucose measurements by the reference measurement procedure.
Dbtain at least 10 meters’ measurements using test strips from the first\reagent lot.

A transfer pipette capable of delivering sample volumes within the-4manufacturer’s re
nterval may be used to simulate routine sample application.

Dbtain at least 10 meters’ measurements using test strips froin the second reagent lot.

Dbtain at least 10 meters’ measurements using test strips‘from the third reagent lot.

Feference measurement procedure.

Compare the reference glucose values from steps a) to e) to verify that the glucose conce
hot change during the evaluation.

f the results exceed predeterminedstability criteria (see 6.1.3), then the measured va
sample shall not be used and all measurements shall be repeated with a different samp

f an interference effect exeeeds the performance criteria in 6.4.4.2, perform a do
bvaluation to determine the'degree of interference as a function of test substance concg

Prepare a series of test samples (n=5) by mixing the sample containing the highest conc
botentially interfering-substance and the control sample in different proportions.

Dbtain duplicate glucose measurements by the reference measurement procedure.

Dbtain at least 10 meters’ measurements from each sample using test strips from e
Feagentlots.

asurement.

rommended

After meter testing is completed, obtain another,set of duplicate glucose measurements by the

htration did

ues for that
e.

be-response
ntration.

entration of

ich of the 3

Aftér ‘meter testing is completed, obtain another set of duplicate glucose measure

nts by the

Feference measurement procedure to verify that the glucose concentration has not changed.

Compare the reference glucose values from steps h) and j) to verify that the glucose concentration

did not change during the evaluation.

If the results exceed predetermined stability criteria (see 6.1.3), then the measured values for that

sample shall not be used and all measurements shall be repeated with a different samp

6.4.4.5 Data analysis and presentation of results

le.

For each substance being evaluated for possible interference, data analysis shall be performed and
presented separately for each reagent lot as follows.

The average and the standard deviation of the measured values from the blood-glucose monitoring
system shall be calculated for each sample.
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The difference shall be calculated between the average of the test sample values and the average of the
control sample values.

If the effects meet the acceptability criteria and the results across the 3 lots are statistically equivalent,
all results at each glucose concentration may be averaged for presentation in the instructions for use.

If a dose-response evaluation was performed, the concentration of interfering substance that exceeds
the performance criteria shall be determined.

The average and the standard deviation of the measured values from the blood-glucose monitoring
system shall be calculated for each admixture, as well as the two samples used to make the admixtures.

If the effectp meet the acceptability criteria and the results across the 3 lots are statistically equiva

all results

The interfe
using lineaf

In addition

a) Alisto
for sele
b) Therat
c) Thereg
— the
— the

each glucose concentration may be averaged for presentation in the instructions-£or u

ing substance concentration that exceeds the acceptability criteria shall be ealculated|
regression analysis if appropriate) for presentation in the instructions for, ise.

fo the requirements of 6.1.4, the following information shall be included'in'the study re

[ substances evaluated for possible interference, the test concentration, and the ratid
ction.

jonale for not evaluating any of the substances listed in Annex A.
ults and conclusions of the study, including
interferent test concentrations,

glucose reference value for each sample,

— graphical presentation of the results if a dose-response evaluation was performed, with th¢

suj
plo

6.5 Stabi

6.5.1 Gen

If the reage
the conditia

stance concentration plotted on the x:dxis, the difference between test and control re
Lted on the y-axis, and the maximum allewable interference limit identified with a dashed|

lity of reagents and materials

eral requirements

ns for storage and use shall be defined and validated.

6.5.2 Stability deterniination

The requirs
dating applj

mentssspecified in ISO 23640 that pertain to establishing stability performance and e
.

1t system, control materials and other components may be subject to degradation over {i

lent,
Se.

(e.g.

bort.

nale

test
Sults
line.

piry

7 Information supplied by the manufacturer

7.1 General requirements

The requirements of ISO 18113-1, ISO 18113-4 and ISO 18113-5 apply.

If a specific blood-glucose meter is required to be used with a specific reagent system, the label(s) [or
outer container label(s)] and the instructions for use shall advise the lay person of this requirement.

The instructions for use shall describe the measurement units reported by the system, e.g. mmol/l or mg/dl.

The instructions for use shall describe whether the measured values from the blood-glucose meter are

plasma-equ

30

ivalent or blood-glucose concentrations.
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7.2 Performance characteristics

The performance characteristics of the blood-glucose monitoring system shall be described in the
instructions for use. In particular, the results of the repeatability evaluation (6.2.3.4), intermediate
precision evaluation (6.2.4.4), the system accuracy evaluation (6.3.7), limitations due to packed cell volume
(6.4.3.5) and interference effects (6.4.4.5), and the user performance evaluation (8.7) shall be summarized.

— The performance characteristics and other technical information shall be described in a format and
language understandable by a lay person.

— Subclause 6.3.7.4 provides a recommended format (Table 4, Table 5 and Table 6) to summarize the

1 £41 4 1 Ao
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— Pubclause 8.7.2 provides a recommended format to summarize the results' df the user
pberformance evaluation.

Ifth¢ blood-glucose monitoring systemisaffected by environmental factors, suchasambientt¢mperature,
humfidity, pressure or oxygen (e.g. higher altitude), the conditions required to‘obtain accuratle measured
valups shall be specified.

7.3 | Options for supplying instructions for use

The |procedural instructions required by a lay person to obtain‘an accurate examination| result may
be It‘esented in a single instructions for use document, provided the meter and reagent strips are
manpfactured by the same manufacturer.

Othgr instructions required by ISO 18113-1, ISO 181%3-4 and ISO 18113-5 or by this Ingternational
Standard may be supplied on the labels or instructions for use of the individual system comjponents.

8 User performance evaluation

8.1 | General requirements

The Juser performance evaluation.shall be performed prior to placing a new blood-glucose|monitoring
system into commercial distribution.

The frequirements specified in EN 13612 apply.

NOTE1 The evaluations’in Clause 8 are design validation activities, which are intended to provifle assurance
that pystem performanee will consistently meet the requirements of the intended use.

NOTE 2  This International Standard is not intended to specify all design validation activities|that may be
requjred to démonstrate that the blood-glucose monitoring system meets user needs and intended fises.

The |uset performance evaluation shall demonstrate that intended users are able to obtdin accurate
glucpse) measured values when operating the blood-glucose monitoring system, givgn only the
instructions and training materials routinely provided with the system.

Accuracy of capillary blood-glucose values measured by lay persons shall be compared to capillary
blood-glucose values measured by the reference measurement procedure.

Blood-glucose monitoring systems for self-testing shall be evaluated in a setting that allows lay persons
to perform blood-glucose measurements without outside influence. Rationale for selection of the
evaluation sites shall be documented in the study report.

The study shall be supervised by one or more healthcare providers trained in the use of the device
under evaluation.

The evaluation may be conducted at multiple sites and may be performed using one lot of reagent.

The evaluation plan shall be documented in a detailed protocol, which shall be appended to the study report.
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8.2 Acceptance criteria and evaluation of results

Acceptability of the blood-glucose measured values obtained by the study subjects shall be evaluated
based on comparison to the reference glucose values.

95 % of the individual glucose measured values shall fall within + 0,83 mmol/l (#15 mg/dl) of the
measured values of the manufacturer’s measurement procedure at glucose concentrations < 5,55 mmol/1
(<100 mg/dl) and within + 15 % at glucose concentrations 2 5,55 mmol/l (2100 mg/dl).

Acceptability of the blood-glucose monitoring system shall be determined using the total number
of measured values obtained by all of the subjects, including any measurement results identified as
statistical opthers:

NOTE The total number of acceptable measured values consists of the number of acceptable ‘glycose
values at copcentrations < 5,55 mmol/l (<100 mg/dl) added to the number of acceptable glucdse valugs at
concentratiopns = 5,55 mmol/1 (2100 mg/dl).

Acceptability of system accuracy in concentration intervals above and below 5,55 nimol/1 (100 mg/dl)
shall not be|determined separately.

8.3 Selegtion and preparation of subjects

At least 100 lay persons shall be recruited to participate in the study.<The subjects shall be diabetic

individualsjrepresenting different ages, genders and education levels;

teer
user
ume
med

Subjects shall be selected using the consecutive sampling method:'All diabetic subjects who volur
for the stufly and qualify in accordance with the study inclusion and exclusion criteria, the
requirements established by the manufacturer for the blood-glucose system (e.g. packed cell vo
within the pystem’s specified limits), and applicable regulatory requirements (e.g. written infoy
consent), shiall be eligible to participate in the study.
Inclusion and exclusion criteria shall be consistent'with limitations stated in the product labelling.

Subjects sh
system beir]

1l not have participated in a study-or other activity involving the blood-glucose monitd
g evaluated in this study.

ring

use

Prior to per
and any tra

Participant
that repres¢

No instruct
which will 1

forming self-testing, each study participant shall be given the product instructions foy

ning materials that are(routinely provided with the blood-glucose monitoring system.

5 shall review the niaterials and use the device in any manner described in the study pro
bnts how lay perseiis learn to use a new device.

ons, trainingyassistance, feedback or supplemental instructional materials other than t
outinelysaccompany the device shall be provided to participants.

ocol

hose

Ctice
11 be

After reviewing ‘the materials, study subjects may be allowed a reasonable opportunity to pra
testing wit

the'blood-glucose monitoring system. In such cases, the number of practice tests shg
limited and i i :

8.4 Execution of study protocol

Each study subject shall collect their own blood sample by skin puncture (e.g. fingerstick) and perform
one test using the blood-glucose monitoring system.

If the subject reports that a mistake has been made in performing self-testing, such as applying blood to
the reagent incorrectly, or obtains a non-quantitative result, the subject shall be allowed to repeat self-
testing and the study staff shall document the mistake in the study report.

The results of incorrectly performed tests shall be excluded from the determination of acceptability of
the blood-glucose monitoring system. A maximum of three exclusions due to incorrectly performed self-
testing shall be allowed per subject.

32 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=d93b684e6ad3083b525190f7c48da7ee

ISO 15197:2013(E)

The number and specific nature of incorrectly performed tests shall be described in the study report.

8.5 Glucose reference values

Within 5 min after the user test, the supervising healthcare provider shall collect a capillary blood
sample for measurement of the reference glucose value, for estimation of packed cell volume, and for
determination of any other exclusion criterion specified in the study protocol.

The reference sample may be collected from the participant’s skin puncture or from a second skin
puncture performed by the supervising healthcare provider.

Collgction of the reference sample from the study participants skin puncture is preterred] If a second
skin|puncture is needed, it shall be documented in the study report.

The |reference sample shall be measured by a glucose reference measurement”prodedure. The
requirements of 6.3.2 apply to the assignment of glucose reference values.

8.6 | Human factors

User| techniques in operating the system, applying the sample and reading the result shall be observed
by the healthcare providers supervising the study.

The human factors observations shall be documented in the stady report.
8.7 | Data analysis and presentation of results

8.7.1 General

Datq shall be analysed by study site, if multiple\sites are performing the study. Difference§ among the
resuflts from different sites shall be documented in the study report.

Datq may be excluded from analysis_ if(a*documented error in performing the procedur¢ occurs, as
defiped in the study protocol. The requirements described in 6.1.2 apply.

Outljer data shall not be eliminated from data analysis when determining acceptable systgm accuracy
(8.2], but should be excluded from the calculation of parametric statistics to avoid distorting central
tendency and dispersion estimates.

NOTE IS0 5725-2 andReferencell3] provide guidelines for identifying statistical outliers.
Where data have been excluded, the reason for the exclusion shall be documented in the stydy report.
The ptudy results shall be presented as difference plots as described in 6.3.7.2.

Outljer data'should be plotted with a different symbol.

Obsdrvations and results of the andy shall be documented in a report In addition, the fo]]owing
information shall be reported:

a) the total number of samples analysed;
b) the interval of glucose concentrations;

c) the glucose values measured with the device, the glucose reference values, and the packed cell
volume values observed for each study participant.

d) asummary of the statistical analysis with confidence intervals;

e) asummary of any outliers excluded from statistical analysis, including the method of identification
and the results of the investigation;
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f)
g)

a scatter plot of the data;

metrological traceability), and the validation or verification of its imprecision and bias;

h)

references for the statistical analysis procedures.

a detailed description of the glucose reference measurement procedure, its calibration (including

8.7.2 The overall results shall be summarized for the instructions for use using the following

format

A study evaluating glucose values from fingertip capillary blood samples obtained by ### lay persons

showed the

XX % withi
below 5,55
concentrati

8.8 Evaluation of instructions for use

8.8.1 Gen
Theinstruc

The evaluat
Other lay p¢

8.8.2 Eva

The evaluat
understood|

A typical qu
to indicate
3 = neutral;

EXAMPLE

The test]

Itwase

The instlructions were easy to folow.

roliowing results:

1 0,83 mmol/1 (#15 mg/dl) of the medical laboratory values at glucose concentrations
mmol/1 (100 mg/dl), and YY % within *15 % of the medical laboratory values at gltcos
bns at or above 5,55 mmol/1 (100 mg/dl).

eral

fions for use and messages displayed on the meter shall be evaluated for clarity and useful

W

1€SS.

ion shall be performed by the subjects participating.in the user performance evaluaftion.

rsons may also participate in the evaluation.

juation method

ion method shall be conducted by a questionnaire designed to assess whether the
how to use the device correctly.

estionnaire may consist of a series.of statements, where evaluation participants are a
Lheir degree of agreement with ‘each statement on a scale of 1 to 5 (1 = strongly disag
5 = strongly agree).

The questionnaire can include statements such as:

results displayed on the meter were easy to see.

sy to undenstand the test results.

The insf]

ructions-eléarly explain what to do if an error message is displayed on the glucose monitor.

sers

sked
bree;

their

To avoid biasing the study results, the questionnaire shall be completed after the subject’s self-testing

has been co

mpleted.

8.8.3 Questionnaire results

The questionnaires shallbe reviewed and evaluated to determine if the instructions for use and messages
displayed on the meter are adequate.

Comments from the study participants and the results of the questionnaire, including recommended
actions necessary to improve the clarity and usefulness of the instructions for use, shall be documented
in the study report or in a separate report.
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A.1 Purpose

Annex A
(informative)

ISO 15197:2013(E)

Possible interfering substances

The
and

purpose of this annex is to identify substances that could be present in the blood oftint
that have been found to interfere with one or more glucose measurement procedures. This list is not

bnded users

intepded to include all possible interfering substances and is not intended to require testirg if there is

nor

Man
desd

Deci

pason to suspect possible interference.

sions not to evaluate substances listed in this annex shall be justified in the risk analys

ufacturers should consider whether these substances can potentially interfere with theilr system, as
ribed in 4.3.2. Interference testing requirements are described in 6.4.4.

L-DOPA (L-3,4-dilfydroxyphe-

e (PAM)

A.2| Possible interfering substances
a) Acetaminophen (paracetamol) m) Ibuprofen
b) Ascorbate (ascorbic acid) n) Icodextrin
) Bilirubin 0)
nylalanine)
d] Cholesterol p) Maltose
e) Creatinine q) Methyl-DOPA
f) Dopamine 1) Pralidoxime lodid
g} EDTA s) Salicylate
h) Galactose t) Tolbutamide
i) Gentigig acid u) Tolazamide
i) Glutathione v) Triglycerides
k) Haemoglobin w) Urate (uric acid)
1) Heparin =3 Xytose
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Annex B
(informative)
Traceability chain
Definition of SI Unit
fe-g—forgt -mmotH}
Material Procedure Responsibility
Metrology centre Metrology
certification Gt
Certified Reference
Material Mzg)tlrofy
(e.g. NIST* SRM 917b)
Weighing procedure Manufacturer
Primary glucose Manufact
calibrators anufacturer
Manufacturer’s selected
measurement procedure Manufacturer
(e.g. glucose oxidase,
hexokinase)
Manufacturer’s working
calibrator Manufacturer
(e.g. panel of human
specimen)
End user’s routine
measurement procedure Manufacturer
(e.g. reagent system and/
or instrument)
Routine sample End user
(e.g. patient’s sample)
Result
Glucose concentration in End user

patient sample

Figure B.1 — Example of a traceability chain for a factory-calibrated
blood-glucose monitoring system

NOTE1 The illustration given in Figure B.1 of a possible traceability chain is derived from ISO 17511:2003,
4.2.2 and Figure 1.
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NOTE 2  This example is not intended to represent the only possible traceability chain for a blood-glucose
monitoring system.

The Joint Committee for Traceability in Laboratory Medicine databaselll] lists currently available higher-
order reference materials and reference methods/procedures.
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