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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 relative or absolute deficiency in insulin
secretion or by insulin resistance leading to abnormal 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 |nternational Standard is intended for blood-glucose monitoring systems used by laypersons| The primary
objeqtives are to establish requirements that result in acceptable performance and to spegify)pfocedures for
demg@nstrating conformance to this International Standard.

Perfgrmance criteria for blood-glucose monitoring systems were established from the accuracy (
trueness) required for individual glucose results. System accuracy criteria, jalso known in
diagrfostics (IVD) industry as total error criteria (see NCCLS EP21-PI35]) ~are used in this
Standlard because some of the metrological terms commonly used_ dny-International Sta
unceftainty) would not be familiar to lay users. System accuracy, which. is- affected by system
meagurement uncertainty, describes the degree to which the individual results produced b
moniforing system agree with the true glucose values when the system. is used as intended by lay

The
Biblid

criteria for system accuracy are based on three considerations (see References [2] {c
graphy):
a) the effectiveness of current technology for monitoring patients with diabetes mellitus, as der
¢linical outcome studies using state-of-the-art monitoring devices;
b) recommendations of diabetes researchers as well as existing product standards an
uidelines;

¢

c)
ommercial products.

brecision and

the in vitro
International
hdards (e.g.
htic bias and
y a glucose
persons.

[21] in the

honstrated in

d regulatory

e state-of-the-art of currently dvailable technology, as evidenced by the performance of existing

In arfiving at the performance criteria, desirable goals had to be weighed against the capabilitigs of existing

s (the current state-of:the-art) and their effectiveness in clinical outcome studies. It was
demanding performance requirements would cause manufacturers to focus design impr

moniforing 'devices. Such performance improvements will be driven by the competitive

decided that
bvements on
pf testing by
hvenience of
e minimum

b

L

of glucose
marketplace,

partiaulatly through reduction of dependence on user technique

Requirements that are unique to self-monitoring devices for blood-glucose, including the content of
information supplied by the manufacturer, are addressed in this International Standard. General requirements
that apply to all in vitro diagnostic medical devices and are covered by other standards [e.g. ISO 13485 and
ISO 14971] are incorporated by reference where appropriate.

Although this International Standard does not apply to measurement procedures with results on an ordinal

scale (e.g. visual, semiquantitative measurement procedures), it may be useful as a guide for developing
procedures to evaluate the performance of such systems.
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INT

ERNATIONAL STANDARD

ISO 15197:2003(E)

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

1 Peope

This [International Standard specifies requirements for in vitro glucose monitoring systéms that measure

glucdse concentrations in capillary blood samples and procedures for the verification, and the|validation of

performance by the intended users. These systems are intended for self-testing by laypersons for

management of diabetes mellitus.

This [International Standard is applicable to manufacturers of such systems and those other ¢rganizations

(e.g. regulatory authorities and conformity assessment bodies) having the“responsibility for assessing the

performance of these systems.

This |nternational Standard does not

— provide a comprehensive evaluation of all possible factors' that could affect the performance of these
gystems,

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

— address the medical aspects of diabetes mellitus management, or

— apply to measurement procedures with-results on an ordinal scale (e.g. visual, semiquantitative test

ethods).

2 ormative references

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

refergnces, only the edjtion’ cited applies. For undated references, the latest edition of the¢ referenced

document (including anysamendments) applies.

ISO 13485, Medical-dévices — Quality management systems — Requirements for regulatory purposes

ISO 14971, Medical devices — Application of risk management to medical devices

ISO 17511%—1), In vitro diagnostic medical devices — Measurement of quantities in biologicdl samples —

Metr\_[og_ica_ugac_eabmt%af_ualuee nccignpd to calibrators and control materials

IEC 60068-2-64:1993, Environmental testing — Part 2: Test methods — Test Fh: Vibration, broad-band
random (digital control) and guidance

IEC 61010-1:2001, Safety requirements for electrical equipment for measurement, control, and laboratory
use — Part 1: General requirements

IEC 61010-2-101:2002, Safety requirements for electrical equipment for measurement, control and laboratory
use — Part 2-101: Particular requirements for in vitro diagnostic (IVD) medical equipment

1)

To be published.
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IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques —

Electrostatic

discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques —
Radiated, radio-frequency, electromagnetic field immunity test

IEC 61326, Electrical equipment for measurement, control and laboratory use — EMC requirements

EN 376, Information supplied by the manufacturer with in vitro diagnostic reagents for self-testing

EN 13612, Performance evaluation of in vitro diagnostic medical devices

EN 13640, S

3 Terms

fability testing of in vitro diagnostic reagents

and definitions

For the purpgses of this document, the following terms and definitions apply.

3.1
accuracy
closeness of

[ISO 3534-1:

NOTE1 TH

agreement between a test result and the accepted reference value
1993]

e term “accuracy”, when applied to a set of test results, involves'a combination of random error compd

and a commo systematic error or bias component. [VIM:1993]

NOTE2  Fd

3.2
bias
difference bs

[ISO 5725-1:

3.3

r a measure of the accuracy of results of a blood-glucase monitoring system, see 3.24.

tween the expectation of the test results-and an accepted reference value

1994]

blood-glucose monitoring system

measuring sy

concentratiomfs in blood

NOTE BI
either the glu
International S

3.4

bod-glucose monitoring systems measure glucose in capillary blood samples, but may express resy
cose concentration in blood or the equivalent glucose concentration in plasma. Concentrations i
tandard refer'to the type of results reported by the system.

blood-gluco

component &

se_meter

nents

stem consisting of a portable instrument and reagents used for the in vitro monitoring of gllicose

Its as
h this

glucose concentration of the sample

3.5

commutability of a material
ability of a material to yield the same numerical relationships between results of measurements by a given set
of measurement procedures, purporting to measure the same quantity, as those between the expectations of
the relationships obtained when the same procedures are applied to other relevant types of material

[1ISO 15194:2002]

NOTE
relevant types

of material” include a large number of samples from healthy and relevantly diseased individuals.

For reference materials used to calibrate measurement procedures intended for biological samples, “other

© ISO 2003 — Al rights reserved
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control material
substance, material, or article intended by the manufacturer to be used to verify the performance
characteristics of an in vitro diagnostic medical device

[EN 375:2001]

3.7

information supplied by the manufacturer with the medical device
all written, printed, or graphic matter on a medical device or any of its containers or wrappers, or
accompanying a medical device, relating to the identification, technical description and use of the medical

devi

d nromaotional-material

NOTE
NOTH
3.8

instr
inforr

1 Adapted from EN 1041:1998.

2 In some countries, information supplied by the manufacturer is called “labelling”.

ictions for use
hation supplied by the manufacturer with an in vitro diagnostic medical-device concerning

propgr use of the reagent or the safe and correct operation, maintenange,*and basic troublesh

instry
NOTH
NOTH
NOTH
NOTH

3.9
inter
preci

NOTH

3.10

inter
cond
samg
and/d

NOTE
meas

3.11

ment
1 Adapted from EN 375:2001 and EN 591:2001.
2 Instructions for use for in vitro diagnostic reagents for sélf-testing is described in EN 376.
3 Instructions for use for in vitro diagnostic instrumenits for self-testing is described in EN 592.
4 Instructions for use may take the form of package insert sheets and/or user manuals.
mediate precision
5ion under conditions intermediate/between reproducibility conditions and repeatability condi
The concept of intermediate\levels of precision is described in ISO 5725-3:1994.
mediate precision conditions
tions where independent test results are obtained with the same method on identical test
location, but where other variables such as operators, equipment, calibration, environmen

r time intervalts differ

Intended to measure precision in conditions leading to variability representative of actual us
Lires of infermediate precision depend on the stipulated conditions.

the safe and
ooting of the

lions

items in the
al conditions

p. Quantitative

label

printed, written, or graphic information placed on a device or container

NOTE Adapted from EN 375:2001.

3.12

layperson
individual who does not have formal training in a specific field or discipline

NOTE 1  Adapted from the definition of “lay user” in EN 376:2002.

NOTE 2  For the purposes of this International Standard, a user of a blood-glucose monitoring device
have specific medical, scientific or technical knowledge related to blood-glucose monitoring.

© IS0
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3.13

lot

batch

one or more components or finished devices that consist of a single type, model, class, size, composition, or
software version that are manufactured under essentially the same conditions and that are intended to have
uniform characteristics and quality within specified limits

NOTE In Directive 98/79/ECI37] and in European Standards the term “batch” is preferred.

3.14
manufacturer's selected measurement procedure
measuremerpi-procedure-that-is—calibrated-by-one-ormereprimary-or-secondary-calibrators—and-validated for

its intended yse

NOTE ISP 17511:—, 4.2.2 f), shows the manufacturer's selected measurement procedure in the traceability chain.

3.15
manufacturer's standing measurement procedure
measuremer]t procedure that is calibrated by one or more of the manufacturer’s working calibrators or Higher
types of califjrator and validated for its intended use

NOTE IS[O 17511:—, 4.2.2 h) shows the manufacturer's standing measurement procedure in the traceability chain.

3.16
package insert
instructions fpr use and other information for the reagent system or eontrol material that is supplied with|n the
package, buf not attached to any part of the package

3.17
packed cell volume
volume fractipn of the erythrocytes in blood

NOTE 1 Expressed either as a decimal fraction (Sl)-or as a percentage (conventional). Sl units (L/L) are implied.

NOTE 2  Sgmetimes referred to as “haematocrit” after the instrument originally used to estimate packed cell volum

o

3.18
precision off measurement
closeness of|agreement between.independent test results obtained under stipulated conditions

[1ISO 3534-1:1993]
NOTE 1 The degree of precision is expressed numerically by the statistical measures of imprecision of measurerents,

such as standard deviation and coefficient of variation, that are inversely related to precision. Quantitative measures of
precision depgnd on.the stipulated conditions.

NOTE2  PreciSion of a given measurement procedure is subdivided according to the specified precision condjtions.
Particular sets of extreme conditions are termed "repeatability” (3.20) and "reproducibility” (3.22).

3.19

reagent system

part of the in vitro diagnostic medical device that produces a signal via a chemical or electrochemical reaction,
which allows the analyte (e.g. glucose) in a sample to be detected and its concentration measured

3.20
repeatability
precision under repeatability conditions

[ISO 3534-1:1993]

4 © ISO 2003 — Al rights reserved
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repeatability conditions
conditions where independent test results are obtained with the same method on identical test items in the
same laboratory by the same operator using the same equipment within short intervals of time

[ISO 3534-1:1993]
NOTE 1 Essentially unchanged conditions, intended to represent conditions resulting in minimum variability of test
results.

NOTE 2  For the purposes of this International Standard, “laboratories” should be interpreted as “locations.”

in different

r components

measurement

measurement

ed to stated

3.22

reprgducibility

precision under reproducibility conditions

[1ISO B534-1:1993]

3.23

reprgducibility conditions

condftions where test results are obtained with the same method on identical test items

laborptories with different operators using different equipment

[ISO B534-1:1993]

NOTH 1 Completely changed conditions, intended to represent eonditions resulting in maximum vafiability of test
resultg.

NOTB 2  For the purposes of this International Standard, “laberatories” should be interpreted as “locationg”.

3.24

system accuracy

clos%ess of agreement of a set of representative test results from a measuring system and their respective
refergnce values

NOTH 1 The term accuracy, when applied to a set of test results, involves a combination of random err

and alcommon systematic error or bias_component. [VIM:1993]

NOTH 2  Reference values afe jassigned by a measurement procedure traceable to a reference

procefure of higher order.

NOTB 3  System accuracy may be expressed as the interval that encompasses 95 % of the differefjces observed
betwgen the results of\the system being evaluated and their reference values. This interval also includes

uncertainty from the‘measurement procedure used to assign the reference values.

3.25

tracdability

propérty. of the result of a measurement or the value of a standard whereby |t can be rela

referéne

stated uncertalntles

[VIM:

3.26

1993, 6.10]

trueness
closeness of agreement between the average value obtained from a large series of test results and an
accepted reference value

[1ISO

3534-1:1993]

NOTE The measure of trueness is usually expressed in terms of bias (3.2).

© IS0
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3.27
type test

2003(E)

test of one or more samples of equipment (or parts of equipment) made to a particular design, to show that
the design and construction meet one or more requirements of the applicable standard

NOTE 1
NOTE 2

3.28

user adjustment of blood-glucose mon
procedure descri i i i
etc., so that t

4 Design

4.1 Gene

The requirenents specified in ISO 13485 apply.

NOTE Cl
system has t

design validation activities, which are intended to provide assurance that system acCuracy meets user requirements.

4.2 Safet
The require
4.3 Trace

The requirenpents specified in ISO 17511 apply to the manufacturer’s calibration process.

NOTE 1 TH
plasma sampl
equivalents, e
NOTE2 TH

NOTE3 A
example is no

4.4 Ergon

Statistical sampling is not required for blood-glucose monitoring equipment.

Adapted from IEC 61326.

itoring system

e system achieves acceptable performance characteristics

1 and development

al requirements

puse 6, 7.2 and 7.3 describe design verification activities, which are intended to provide assurance th
e capability of meeting its precision, trueness, safety, and reliability ,specifications. Clause 8 des

ents specified in IEC 61010-1 and IEC 61010-2-101capply.

hbility

e manufacturer's selected or standing‘measurement procedure may measure glucose in either blg
bs. |f plasma samples are used, the blead-glucose monitoring system may report results as plasma gl
en though the samples measured\by the blood-glucose monitoring system are blood.

e traceability chain should intlude as few steps as practical to minimize combined uncertainty.

fraceability chain for actypical factory-calibrated blood-glucose monitoring system is shown in Annex B
intended to representthie only possibility of a suitable traceability chain.

omic/human-factor aspects

pf the Jblood-glucose monitoring system shall take into consideration ergonomic and rel
s for the following:

chip,

at the
cribes

od or

Lcose

. This

bvant

hnaration-
operatioh;

The design
human facto
a) ease of
b)

c)

d)

e)

NOTE 1

ease of maintenance;
protection from “wear and tear” that might typically be encountered in the use environment;
readability of the measured results;

unambiguous messages to the user, e.g. “low battery” or “low result”, rather than simply “low”.

physical and mental abilities.

Blood-glucose monitoring systems intended for self-measurement may be used by laypersons with different

© ISO 2003 — Al rights reserved
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NOTE 2 These systems are often transported by the individual users, who may conduct measurements in a variety of
settings.

NOTE 3 It is not expected that a single blood-glucose monitoring system will meet the needs of all possible users or
settings.

4.5 Risk analysis
The requirements specified in ISO 14971 apply.

The manufacturer shall decide the acceptability of potential risks from knowledge of factors including but not
limitedta

a) intended use of the product,

b) users’ skills and limitations,

c) protection against unintentional change of essential parameters (e.g. units reported), or
d) ipfluence of interfering substances.

NOTE Guidelines for evaluating potentially interfering substances are foundsin NCCLS EP7-AB.
In pefforming risk analysis, the manufacturer shall evaluate the

e) probability of occurrence of a failure (e.g. insufficient sample volume or incorrect test strip plgcement),
f)  probability of the system not detecting a failure, and

g) ¢onsequences of an undetected failure.

NOTH This International Standard does not.gpecify levels of risk and acceptability.

4.6 | User verification

The design of the blood-glucose monitoring system shall allow the user to check:

a) ¢orrect functioning of the blood-glucose monitoring system, (i.e. system control); and
b) ¢orrect execution 6fthe test including the sequence of the procedural steps.

NOTH User verification should be done at the time of use. “At the time of use” means before, during, pr immediately
after the execution '0f the test. User verification should be integrated into the test if reasonably possible.

User|verification shall give unambiguous information.

5 Informatiomsupptied by themanuofactorer

5.1 Labels for the blood-glucose meter

The blood-glucose meter shall be identified by labels including, at a minimum, the following information:
a) name or trade name of the manufacturer and address of the manufacturer;
b) product name or designation (this information shall directly appear on a label affixed to the device);

c) intended purpose (a statement that the device is an in vitro diagnostic medical device for self-testing shall
be included, as well as information regarding the reagent system to be used with the device);

© 1SO 2003 — Al rights reserved 7
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d) lot or serial number appearing directly on a label affixed to the device;

e) conditions for storage and handling, if appropriate;

f) areference to the user manual or instructions for use.

Where appropriate, information on the label should take the form of symbols. Symbols shall conform to
applicable regulations and International Standards. All symbols shall be described in the information supplied

with the blood-glucose meter.

5.2 Instructions for use for the blood-glucose monitoring system

The instructipns for use shall be presented in a clear and concise manner, using plain terminology that is
readily undegstood by a layperson. The information shall be well organized and easy to read. Thé print|shall
be large (e.g| 12-point Courier) and the content shall be readily understandable by persons without/a sci¢ntific
or technical hackground. Symbols and illustrations shall be used where appropriate.
The instructipns for use shall clearly state what actions to take if the verification indicates'an’invalid resul{.

The language(s) of the country in which the blood-glucose monitoring system is distributed shall be psed.
Additional lapguages are optional.

The instructipns for use shall include the following information:
a) name of trade name and address of the manufacturer, the name and address of the distribufor (if
applicablle) (in the European Union, Directive 98/79/ECI37]_requires the name and address df the
“authorized representative” if the manufacturer is not located in'the European Union), and how to a¢cess
help;

b) product hame or designation;

c) intended purpose of the device;

d) the pringiple of the method;

e) measurg¢ment procedures and/or calibrator materials (traceability to a reference measurement procg¢dure
and/or reference material of highérorder should be indicated, if applicable) used by the manufactufer to
establish and evaluate performance characteristics;

f)  the type|of samples used by the manufacturer for calibration, e.g. blood or plasma;

g) proper reagent systemito be used;

h) measurgment procedure to be followed when using the device, including:

— the|sequence of adjustment (e.g. use of a number, code strip, code chip, etc.), measurement and
verification, and the allocated time intervals between them;

— the sequence of steps to prepare the instrument for the measurement, to execute the measurement
(including the amount and recommended appearance of the sample) and to maintain the instrument
after the measurement;

— the measurement units reported by the device, e.g. mmol/L or mg/dL;
— whether reported results are equivalent to blood or plasma results;
— advice on how to proceed when an error message is generated by the meter;

i)  environmental conditions (e.g. temperature and humidity range) under which the system shall be used;

8 © ISO 2003 — Al rights reserved
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j)  detailed procedure to be followed by the user in adjusting the device, if applicable;

k) detailed user control procedures, including identification of the appropriate control material to be used to
assure that the blood-glucose monitoring system is operating properly and advice on how to proceed if
control results are not acceptable;

I) type of sample to be used, as well as any special conditions of collection and pretreatment;

m) precautions to be taken against the risk of infection from prior use of the instrument;

n) precautlons to be taken regardlng electrostat|c d|scharge magnet|c flelds and other eIectncaI conditions,
v y c oplicable (see

IEC 61010 2-101:2002, Clause 5);

0) description and explanation of all symbols used on labels and in the instructions for,use;
p) guidance on action to be taken by the user as a consequence of the result, including:

+ areference to the instructions given by a physician and/or other qualified healthcare prpvider, and a
warning not to deviate from these instructions on the basis of theTesult without first consulting the
physician or other qualified healthcare provider;

+ advice on how to proceed if the result appears to be questionable to the user;

+ indication how the monitoring system alerts the userswhen the result is outside the “easurement
interval” (e.g. error messages, fault notifications);

q) ipformation on the safe disposal of the system and\its components, where appropriate;
r) the year and month of issue of the instructionsfor use and/or the revision number.

5.3 | Labels for the reagent system and control material

The feagent system and control materialshall be identified by a label or labels.

The fequirements specified in EN 376 apply.

In adfition, the following information shall be included on the label(s):

a) ipdication of the~périod of time during which the reagent should be used after the first ogpening of the
immediate reagent container, expressed as months and/or days;

b) referenCe to the instructions for use;

c) eblood-glucose meter to be used with the reagents.

Warning statements concerning use of the reagent system with the specified blood-glucose meter and
disposal of the reagent system after use should be included on the label to promote reliable measurement
results and safe reagent disposal.

The language(s) of the country in which the reagents and control materials are distributed shall be used;
additional languages are optional.

© 1SO 2003 — Al rights reserved 9
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5.4 Instructions for use for reagents and control material

The requirements specified in EN 376 apply.

In addition, the following information shall be included:

a) an indication of how to access help from the manufacturer and/or distributor;

b) the specific blood-glucose meter to be used with the reagent system and control material;

c) the storage conditions, (e.g. temperature, h_umidity, exposure to light, and .other enyironmental factors) (a

warning hgent
strips or|sensors from exposure to air should be included in the instructions for use for reagents);

d) the medsurement interval, indicating the upper and lower concentration limits within which the glycose
results gre accurate and reportable;

e) the perfprmance characteristics (those related to system accuracy are based on thé results of tgsting
performéd as described in Clause 7) stated in language that is understandable by the intended user and
for systgm accuracy performance (see 7.4.2), the manufacturer shall report:

— for glucose concentrations < 4,2 mmol/L (75 mg/dL), the percentage of results within + 0,28 mmol/L,
+ 0,6 mmol/L and + 0,83 mmol/L (= 5 mg/dL, + 10 mg/dL and + 45 mg/dL) of the reference values;

— for glucose concentrations > 4,2 mmol/L (75 mg/dL), the peréentage of results within £5 %, + 10 %,
+ 1% % and + 20 % of the reference values;

f) any intgrfering substances, sample conditions (e.g.-haemolysis, icterus, lipemia) or physiolggical
conditions (e.g. changes in peripheral circulation) known-to affect the accuracy of results;

g) the megsurement procedure used to evaluate the performance characteristics of the system, and a
statement describing its traceability to a glucose reference measurement procedure or reference material
of highef order;

h) the reference interval for capillary bload-glucose concentrations in nondiabetic individuals and the type of
samples used for calibration (blood ‘ar/plasma);

i) the meapurement procedure to.be followed, including:
— the pequence of steps-to prepare the reagent system and execute the measurement;
— the liming between the individual steps, if applicable;

j)  the detalled control procedures and control materials to be used to verify that the blood-glucose
monitorihg-system is operating within its performance specifications.

The language(s) of the country in which the reagents and control materials are distributed shall be used;
additional languages are optional.

Required information regarding reagents and/or control materials may be included in the instructions for use
for the instrument or system if the manufacturer of the instrument or system is the same as the manufacturer
of the reagents. If there is a change in this information, reagent labels should be used to notify the user, and
the changed information shall be placed in the instructions for use for the reagent system.
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6 Safety and reliability testing

6.1

6.1.1

General requirements

Protocol

Experimental designs, data analysis procedures and acceptance criteria shall be described in a protocol.

The protocol shall specify the number of meters, reagent units, and replicate measurements per meter.

For p

erformance tests, the protocol shall include statistical rationale.

Sped|
NOTH
NOTH
6.1.2
Mete
For p
For ty
6.1.3

Acce
the s

The
the s

Failu

6.2

fied testing requirements are minimum requirements.
1 The tests described in 6.9 to 6.12 are performance tests.
2  The tests described in 6.2 to 6.8 are type tests.
Meters and reagent systems
s and reagent systems shall be representative of routine production-tnits.
erformance tests, at least ten meters shall be used in each test,
pe tests, three meters should be used in each test.
Acceptance criteria

btance criteria for bias and repeatability for the(performance tests in 6.10 to 6.13 should be
ystem accuracy criteria in 7.4. The rationale shall be documented in the protocol.

blood-glucose monitoring system shallpass the acceptance criteria in each test protocol.
ystem shall be rendered nonfunctionalrand shall not display a numerical glucose result.

es to meet acceptance criteria'shall be investigated.

Protection against eleétric shock

The fequirements specified’in IEC 61010-1:2001, Clause 6, apply.

6.3

Protection/against mechanical hazards

The fequirements specified in IEC 61010-1:2001, Clause 7, apply.

6.4

Electromagnetic compatibility

derived from

Alternatively,

The requirements specified in IEC 61326 apply.

In addition, the requirements specified in Annex A apply.

6.5

Resistance to heat

The requirements specified in IEC 61010-1:2001, Clause 10, apply.

6.6

Resistance to moisture and liquids

The requirements specified in IEC 61010-1:2001, 11.1, 11.2 and 11.3, apply.

© 1SO 2003 — Al rights reserved
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6.7 Protection against liberated gases, explosion and implosion

The requirements specified in IEC 61010-1:2001, 13.1 and 13.2.2, apply.

6.8 Meter

components

The requirements specified in IEC 61010-1:2001, 14.1, 14.4, 14.5 and 14.6, apply.

6.9 Performance test

The performance test shall be performed before and after each determination of mechanical resistance to

shock, vibrann and impact (see 6.70) and protection against exposure to temperature and humidity fevels

(see 6.11 and 6.12). Pass/fail criteria shall be based on the effect of the challenge on system(biag and

repeatability.

Prior to each|performance test the blood-glucose meter shall be equilibrated to 23 °C + 2 °C;

The manufdcturer's recommended control material or a suitable alternative should be used fof the

performance|tests.

It may be dffficult to separate the variability due to sample and reagent system components from eter

components| This should be taken into consideration when designing the 4est and developing accepfance

criteria.

A check strip, which simulates a reagent strip after reaction with..glucose, or other similar alternatiye to

analysing thg manufacturer's recommended control material, may be used to verify that measurement system

performance|has not been affected.

Test sample$ shall be measured in the order specified in théZprotocol.

Mean glucoge concentration and repeatability shall be-calculated before and after each challenge, and the

difference cdmpared to the acceptance criteria.

a) Mean glpcose concentration: the difference between the mean glucose concentration after the challenge
and the| mean glucose concentration \before the challenge shall be calculated and compared tp the
acceptance criteria for bias.

b) Repeatgbility: the square root of the difference between the repeatability variance after the challengg¢ and
the repeatability variance _before the challenge shall be calculated and compared to the accepfance
criteria fpr repeatability.

6.10 Mechanical resistance to shock, vibration and impact

6.10.1 Vibration test protocol

Perform the performance test described in 6.9.

Perform the vibration test as specified in IEC 60068-2-64:1993, 8.3.

After vibration testing is complete, repeat the performance test.

The requirements specified in IEC 60068-2-64:1993, 8.3, apply.

6.10.2 Drop test protocol

To evaluate drop durability, perform the performance test described in 6.9.

Perform the drop test as specified in IEC 61010-1:2001, 8.2.
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After drop testing is complete, repeat the performance test.
The requirements specified in IEC 61010-1:2001, 8.2, apply.
6.11 Equipment temperature exposure limits

6.11.1 High temperature test protocol

Perform the performance test as described in 6.9.

Place each meter in a sealed environmental chamber that can be monitored for internal temperature.

Increpse the temperature to 50 °C + 2 °C and leave at this temperature for 8 h in the sealed chaniber.

Remgove the meter from the environmental chamber, and allow it to cool to a temperatuté .of 23 °C + 2 °C and
repeat the performance test.

For those systems in which the reagent system is an integral component _of‘the meter and cannot be
sepafated from the device, the high temperature exposure conditions shall-be’ limited to the use conditions
specified by the manufacturer.

6.11.2 Low temperature test protocol

Perfgrm the performance test as described in 6.9.

D

Placg the meter in a sealed environmental chamber that can be monitored for internal temperatur|
Decrgase the temperature to —20 °C + 2 °C and leave at this temperature for 8 h in the sealed chamber.

Rempve the meter from the environmental chamber, allow it to warm until it reaches a temperature of
23 °¢ £ 2 °C and repeat the performance test.

For those systems in which the reagént' system is an integral component of the meter and cannot be
sepafated from the device, the low temperature exposure conditions shall be limited to the uge conditions
specified by the manufacturer.

6.12| Equipment humidity'‘exposure test protocol
Perfdrm the performance.test described in 6.9.

Placg the meter ini@-humidity chamber.

Stabilize the_ relative humidity, noncondensing to 93 % + 3 % and a temperature of 32 °C + 2 °C.

Leave thevmeter in the humidity chamber for 48 h.

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.

6.13 Reagent storage and use testing
Conditions for the storage and use of the reagent system and controls shall be defined and validated.

The requirements specified in EN 13640 apply.
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7 Analyt

71

ical performance evaluation

General requirements

The analytical performance evaluation shall be conducted as part of the manufacturer’s design control system.

The requirements specified in ISO 13485 apply.

The performance evaluations shall be performed according to a written protocol. The protocol shall specify the

experimental

details, data analysis procedures and acceptance criteria.

Statistical de
criteria shall

All compone
product inten

The blood-g
manufacture
measuremer]

The manufadg

NOTE 1 In
product has th
validation acti

NOTE2 Th

SIgns, Including the numbers of meters, reagent units and replicate samples, and the accep
be justified in the protocol.

hts of the system, including meters, reagent system and accessories, shall be representat
ded for sale.

lucose monitoring system shall be adjusted prior to the experiments according tg
’s instructions (e.g. via coding, chips). No adjustments shall be made between rep
ts unless the manufacturer’s instructions specify an adjustment before.each measurement.

turer's recommended control procedures shall be performed priérto each evaluation.

7.2 and 7.3, evaluations are design verification activities, which aré.intended to provide assurance th

ities, which are intended to provide assurance that system perfermance meets user requirements.

e type of samples required for each evaluation is specified.

7.2 Precision evaluation

7.21

Repeatability
system accu

The analysis
NOTE 1 R4

NOTE 2 TH
materials, diffe

Gengdral

and intermediate precision shall\be evaluated against performance criteria derived fron
facy criteria in 7.3. The acceptance criteria shall be documented in the protocol.

of variance is the preferréd,statistical method to use when multiple factors are evaluated.

bfer to 1ISO 5725-1122] for,general principles regarding the evaluation of precision of a measurement me

e experiments-Can be designed to evaluate the effect of such factors as different lots, different s
rent users, or.other variables (e.g. effect of temperature, humidity).

7.2.2 Repeatability-evaluation

7.2.2.1

ance

ve of

the

licate

at the

e capability of meeting precision and trueness specifications,set\for it. In Clause 8, evaluations are design

n the

thod.

Bmple

aneral

Repeatability shall be evaluated at five glucose concentrations spread across the measuring interval.

Repeatability shall be measured over a short span of time, not to exceed one day per meter, with the same
user, meter and reagent lot. The experiment shall be designed to minimize the effect of glucose instability in
the sample.

The evaluation may be performed on a single lot and/or by a single user if data have demonstrated that the
repeatability of the system is not dependent on particular reagent lots and/or users. Otherwise, the experiment
shall be designed to evaluate the dependence of repeatability on these factors.

NOTE Refer to 1ISO 5725-2123] for guidelines for determining the repeatability of a measurement method.
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7.2.2.2 Samples

The repeatability evaluation shall be performed with blood samples. The preferred sample for evaluation of
repeatability is venous blood.

Samples shall be prepared from human venous blood collected into tubes containing an anticoagulant
specified in the instructions for use. The packed cell volumes (haematocrit) shall be within 0,35 L/L to
0,50 L/L (35 % to 50 %).

Five samples with glucose concentrations in the intervals specified in Table 1 shall be used. The glucose
concentration of each sample shall be determined using the blood-glucose monitoring system.

The glucose concentration in venous blood samples may be adjusted by supplementing the.sample with an
aquepus glucose solution prepared with a 0,9 % saline solution. The dilution should not significgntly alter the
sample matrix. Spiked samples should be allowed to stand for at least 15 min before use-ta-allow|for complete
mutafotation and equilibration of the D and L enantiomers.

A preservative that does not interfere with the glucose measurements (€.g” maleimide,| fluoride, or
mongiodoacetate) and is in accordance with the manufacturer's recommendations may be added to the
samgple in sufficient amount to minimize glycolysis.

To afhieve lower glucose concentrations, anticoagulated blood samples may be allowed to pge until the
glucgse is depleted to the desired level.

Table 1 — Glucose concentration intervals for repeatability evaluation

Glucose concentration
Interval
mmol/L (mg/dL)

1 1,7 to 2,8 (30 to 50)
2 291t06,1(511to 110)
3 6,2 to 8,3 (111 to 150)
4 8,4 t0 13,9 (151 to 250)
5 14,0 to 22,2 (251 to 400)

7.2.2|13 Reagent system
At least 500 reagent«System units, from at least ten vials or packages, are required.
7.2.214 Meters

At legst tenumeters shall be chosen to evaluate the repeatability of the blood-glucose monitoring qgystem.

7.2.215— Evaluation procedure

The following procedure is the minimum experimental design to evaluate repeatability. It requires ten
measurements by each meter of samples from each glucose concentration interval in Table 1.

NOTE The procedure may be modified to accommodate multiple reagent lots and/or users.

The samples shall be equilibrated to a temperature of 23 °C £ 5 °C and maintained within +2 °C of the
starting temperature during the experiments.

The samples shall be gently but thoroughly mixed by inversion before each portion is taken for measurement.

The reagent system units shall be taken from the same vial/package for each meter.
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Assign a vial/package of reagent system units to each meter.

Take one reagent system unit out of a vial/package and apply the sample. Record the result.

A transfer pipette (i.e. not a repeatable measuring pipette) capable of delivering sample volumes within
the manufacturer’'s recommended interval may be used to simulate routine sample application.

Repeat step b) nine more times using the same meter.

packages. This results in a total of ten measurements per sample per meter.

Using the same sample, repeat steps b) and c¢) with each of the nine remaining meters and vials or

a)

b)

c)

d)

e) Take the

f)  Calculat
the ten 1

g) Calculat
interval)

NOTE TH

The experim

components

next sample and repeat steps a) to d).

b the mean value, the standard deviation and the coefficient of variation (CV) for eachimeter
heasurements.

b the grand mean, the pooled variance, the pooled standard deviation (with’ 95 % config
and the pooled CV.

e standard deviation and CV are measures of repeatability.

bnt may be designed so as to obtain the repeatability standard{deviation as well as other var
by analysis of variance instead of following steps f) and g).

from

ence

ance

Aliquots sha]l be removed from each sample immediately before the first and immediately after th¢ last

measuremer]
manufacture

If these resu
the first and
< 5,5 mmol/l
sample shall
7.2.3

7.2.31

Intermediate

The evaluati
across multig

t by the blood-glucose monitoring system for measurement (minimum in duplicate) b
’s selected or standing measurement procedure.

ts demonstrate the effect of drift based on predetermined stability criteria [e.g. change bet
last results > 4 % at glucose > 5,5 mmoal/D (100 mg/dL) or > 0,22 mmol/L (4 mg/dL) at gl
L (100 mg/dL)], then the results for thatisample shall not be used and all measurements fo
be repeated.

Intermediate precision evaluation

Géneral

precision shall be evaluated at three glucose concentrations.

bn shall be designed to measure precision in normal conditions of use, i.e. by an individua
le days with-the same meter and reagent system lot.

The evaluatipn shall"be conducted with multiple meters and different users over at least ten days.

The evaluati

y the

ween
cose
r that

user

ph~may be performed on a single lot if data have demonstrated that intermediate pre

Cision

(including repeatability) is not dependent on the reagent Iof. Otherwise, multiple oS should be used and the
experiment shall be designed to evaluate lot-to-lot variability.

NOTE

7.2.3.2

Refer to ISO 5725-3 for guidelines for determining the intermediate precision of a measurement method.

Samples

The intermediate precision evaluation shall be performed with control materials.

The preferred samples are the control materials provided by the manufacturer. Alternative control materials

may be used

16

if approved for use by the manufacturer of the blood-glucose monitoring system.
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Control material shall be prepared according to the instructions for use. Sample stability over the evaluation
period shall be validated.

Three samples with glucose concentrations in the intervals specified in Table 2 shall be used. The glucose
concentration of each sample shall be determined using the blood-glucose monitoring system.

7.2.3]3 Reagent system

A lot|or part of a lot shall be examined. If a complete Iot is not available,.the part and status of
shall pe recorded.

Thre¢ hundred reagent system units from at least ten vials or packages are required.

If mujtiple lots are used, the experiment shall be designed so that all results from a single meter
using the same lot of reagent system.

7.2.3|4 Meters

At legast ten meters shall be selected to evaluate.the intermediate precision of the blood-glucog
systegm.

7.2.3]5 Evaluation procedure

The following procedure is the minimum experimental design to evaluate intermediate precision
days| It requires one measurement:per day of a sample from each glucose concentration intery
for 10 days for each of ten meters:

The procedure may be modified to accommodate multiple reagent lots.

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

a)

b)

c)

d)

e)

f)

Table 2 — Glucose concentration intervals for intermediate precision evaluation

Glucose concentration
Interval
mmol/L (mg/dL)
1 1,7 to 2,8 (30 to 50)
2 5,3 t0 8,0 (96 to 144)
3 15,5 to 23,3 (280 to 420)

Assign a viallpackage of reagent system units to each meter.

Take one reagent system unit out of each vial/package and apply the sample. Record the res

the material

are obtained

e monitoring

over multiple

al in Table 2

ult.

—transfer pipcﬁc (i.c. rmot=a |cpcatabic lllcabwillg piputtc) bapa'uit: of u'ciivclillg bdlllpiU volumes within

the manufacturer's recommended interval may be used to simulate routine sample application.

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 ten days. The same vial/package is used for each meter throughout the evaluation pe

Calculate the mean value, standard deviation and CV for each meter from the ten measurem

riod.

ents.

Calculate the grand mean, the pooled standard deviation (with 95 % confidence interval) and the pooled

CV. The standard deviation and CV are measures of the intermediate precision of a single
multiple days.
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If the evaluation included multiple lots and/or users, the lot-to-lot and user-to-user variability may be
determined as well as the within-meter intermediate precision.

7.2.4 Data analysis and presentation for repeatability and intermediate precision
The mean, standard deviation and coefficient of variation for repeatability and intermediate precision shall be
calculated using documented statistical procedures. The analysis of variance is the preferred method for

calculating intermediate precision.

The following information shall be reported:

a) glUCOSG oncentratiorrofeach oa|||p=c,
b) mean of|the observed glucose results for each sample;

c) repeatability standard deviation (with 95 % confidence interval) and coefficient of variation (CV) for|each
glucose [ concentration above 4,2 mmol/L (75 mg/dL) and standard deviation (with."95% confidence
interval)|for each glucose concentration below 4,2 mmol/L (75 mg/dL);

d) intermediate standard deviation (with 95 % confidence interval) and coefficient-0f variation (CV) for|each
glucose | concentration above 4,2 mmol/L (75 mg/dL) and standard deviation (with 95 % confidence
interval)|for each glucose concentration below 4,2 mmol/L (75 mg/dL);

e) summarly of any outliers (guidelines for identifying outliers are_feund in 1SO 5725-2:1994[231 and in
NCCLS EP5-ARB0) identified and excluded from statistical analysis; including the method of identifi¢ation
and the fesults of the investigation;

f)  references to the statistical analysis procedures.

7.3 System accuracy evaluation

7.3.1 Requirements
7.31.1 General

System accuUracy shall be evaluated with at least 100 different subjects over at least ten days. The evalyation
shall be condlucted in actual conditions of use, so that the effects of systematic error (bias) and random|error
(imprecision) that would be experienced by individual users will be included.

Individual mg¢asurements from-the blood-glucose monitoring system shall be compared to reference gllicose
concentratiof values determined by the manufacturer's measurement procedure (i.e. a selected or stahding
measuremerjt procedure~or by another validated measurement procedure that has been shown to prgduce

A routine glycose measurement procedure (e.g. in a hospital or outpatient clinic laboratory) that is valiflated
for precision |and trueness by comparison to the manufacturer’'s selected or standing measurement proc¢dure
may be used to assign the reference values.

A detailed description of the measurement procedure used to determine the reference values, including its
traceability and/or equivalence, shall be documented in the protocol.

7.3.1.2 Samples
The system accuracy evaluation shall be performed with at least 100 fresh capillary blood samples, each with
sufficient volume to be measured by two different meters and at least in duplicate by the manufacturer’s

measurement procedure.

Exclusion criteria, such as packed cell volume (haematocrit), shall be based on the manufacturer's
instructions for use.
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Capillary blood samples shall be collected by skin puncture (e.g. fingerstick), prepared and processed
according to the instructions for use, including sample pretreatment if required. Sample containers designed
for the collection of capillary blood should be used.

In some cases, a second skin puncture may be necessary to obtain sufficient sample volume to complete the
protocol.

It may be difficult to obtain a sufficient number of fresh capillary blood samples with very low and very high
glucose concentrations. In these cases, modified capillary blood samples in which the glucose concentration
is elevated or lowered may be substituted (see below).

Tahkl
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teose—eoneentrations shall be
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detemqmined by the blood-glucose monitoring system.
Oncq a concentration category is filled, no more samples shall be added to that category.

Table 3 — Glucose concentrations of samples for system accuracyevaluation

Percentage of Glucose concentration
samples
o mmol/L (mg/dL)
0

5 < 2,8 (<50)
15 2,8 to 4,3 (5040 80)
20 4,4 to 6,7+(80 to 120)
30 6,7 to 41 (120 to 200)
15 11;2,to 16,6 (201 to 300)
10 16,7 to 22,2 (301 to 400)
5 > 22,2 (> 400)

Only |unaltered capillary blood samples_ shall be used for glucose concentrations of 2,8 mmol/L to]22,2 mmol/L
(50 mg/dL to 400 mg/dL). If necessary to obtain sufficient samples in the lowest and highest ¢oncentration
interyals, glucose concentrations.may be adjusted as follows.

— To obtain additional samples with glucose < 2,8 mmol/L (< 50 mg/dL), capillary blood samples should be
¢ollected with an appropriate anticoagulant and incubated to allow glucose to hydrolyse. The incubation
¢onditions (e.g.ctemperature) to produce samples compatible with the system (e.g. withouf haemolysis)
shall be determined by the manufacturer.

— To obtainzadditional samples with glucose > 22,2 mmol/L (> 400 mg/dL), capillary blood saples should
e collected with an appropriate anticoagulant and then supplemented with glucose.

—  Commutability-of adjusted-samples-with-the-system-being-evaluated-shall-be-verified-
Aliquots shall be removed from each sample immediately before the first and immediately after the last
measurement by the blood-glucose monitoring system for duplicate measurement by the manufacturer’s

measurement procedure.

If this measurement procedure is not designed for blood samples and it does not specify a procedure to
remove cells, the aliquots of the sample shall be centrifuged at 1 000 g for 10 min immediately after collection
to obtain plasma.
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Reagent system

A lot or part of a lot of reagent system units shall be examined. If a complete lot is not available, the parts and

status of the

material shall be recorded.

At least 200 reagent system units, from at least ten vials or packages, shall be used. Additional units from the

same lot sha

Il be available for additional measurements as needed.

A single lot of reagent system units may be used if characterization data have demonstrated that lot-to-lot
variability is a minor source of the total variability. Otherwise, multiple reagent lots shall be included in the
system accuracy evaluation.

7314 M

Using more
measuremer

If more than
samples are

NOTE In
increase varia

If different su
borne patho
include clear

7.3.1.5

Measuremer

The measurgment of capillary blood samples by thelblood-glucose monitoring system should preferably

place in a d
ambient tem

7.3.2 Evalyation procedure

The following
100 subjects

This procedu
The reagent

Steps a)tof

Environment

bters

than one meter per subject may be necessary to minimize the time betweer dup
ts. The procedure in 7.3.2 assumes each subject will use two different meters.

two meters are used, the meters shall be rotated through the protocol so that’'equal numb
measured with each meter.

Creasing the number of meters in the experiment reduces the specific influence of each meter (bias), b
bility due to meter-to-meter effects (intermediate precision).

bjects use the same meter, cleaning the meter may be necessary to avoid the transfer of f

jens. It is recommended that manufacturers validate an>appropriate cleaning procedure
ing information in the user’'s manual.

ts using the blood-glucose monitoring system\shall be performed at 23 °C + 5 °C.

abetes mellitus outpatient clinic or<hoespital setting. The 10 °C temperature interval cover
beratures that typically exist in these settings.

procedure is the minimum experimental design to evaluate system accuracy. It requires at
with glucose concentrations that span the measuring interval as specified in Table 3.

re may be modified to accommodate multiple reagent lots.
system units shall be taken from the same vial/package for each sample.

shall'be performed for each sample.

licate

brs of

it can

lood-
and

take
s the

least

Assign r
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Obtain a sample of fresh capillary blood by skin puncture.

Remove an aliquot of the sample for at least duplicate glucose measurements by the manufacturer’s

measurement procedure. If the manufacturer's measurement procedure is designed for plasma samples,
the plasma preparation procedure (e.g. centrifugation at 1 000 g for 10 min to remove cells) shall be
performed for each sample.

the sample using two different meters.

20

Take two reagent system units out of vial/package number one and measure the glucose concentration in
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Samples shall be applied to the reagent system unit in the same manner as described in the
manufacturer’s instructions (e.g. directly from the subject’s skin puncture). If adjusted samples are used,
as described in 7.3.1.2, they shall be applied in a manner that simulates the procedure specified in the
manufacturer’s instructions for use, taking into account possible influences such as sample temperature.

Change vials or packages every ten subjects and ensure that reagent system units from all vials are used
in the evaluation. Record the results.

e) Repeat step c) to obtain a second result from the manufacturer's measurement procedure.

f) Evaluate the results from the manufacturer’'s measurement procedure to verify sample stability.

If these results demonstrate the effect of drift based on predetermined stability criteria)[e.g. change

etween the first and last results > 4 % at glucose > 5,5 mmol/L (100 mg/dL) or > 0,22 mmdl/L (4 mg/dL)
t glucose < 5,5 mmol/L (100 mg/dL)], then the results for that subject shall not be included.[The rejected
ample shall be replaced with another sample in the same glucose concentration(nterval.
rift criteria should be related to the intermediate precision capability of the\measurement |procedure. If
riteria are too tight, samples will be discarded unnecessarily. If too loos€, the apparent uncgrtainty of the
easurement procedure will be inflated.

g) btain a sample from the next subject and repeat steps b) to f).

7.3.3| Data analysis and presentation for system accuracy

7.3.3]1  General

Results shall be plotted and analysed using one of the procedures described below.

The following information shall be reported:

a) total number of samples analysed;

b) range of glucose concentrations;

c) plot of the data;

d) summary of the statistiCs)with confidence intervals;

e) summary of any-outliers (guidelines for identifying outliers are found in 1SO 5725-2:1994[23] and in

INCCLS EP9-A2[82]) identified and excluded from statistical analysis, including the method of|identification

and the resultsof the investigation;

Qutlier~data may not be eliminated from the data set to be used in determining minimum acceptable

ccaracy (7.4.1), but should be excluded from the calculation of parametric statistics to avpid distorting
Ientral tendency and dispersion estimates. Outlier data should be plotted with a different synjbol.

f) references for the statistical analysis procedures.

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

7.3.3.2 System accuracy analysis

The difference between individual results from the blood-glucose monitoring system and the mean of the

reference values shall be plotted as the dependent variable. The mean of the reference values shall be plotted
as the independent variable.
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Difference plots are the recommended approach for depicting system accuracy because statistical
assumptions are minimal and the percentage of data points meeting the system accuracy criteria, as well as
estimating bias, are easily calculated. See NCCLS EP9-A2(32] or Bland and Altmanl[34],

NOTE Plotting percentage difference against concentration at low concentrations is generally not suitable for the
graphical evaluation of system accuracy.

EXAMPLE A plot of results from an evaluation of a blood-glucose monitoring system is illustrated in Figure 1. The
two bold lines represent the acceptance criteria from 7.4.

/
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Glucose concentration, mmol/L

Figure 1 — System accuracy plot

7.3.3.3 Regression analysis

Individual regults of the blood-glucose monitoring system shall be plotted as the dependent variable and the
mean of the|duplicate reference values.as the independent variable. Identical scales and intervals shall be
used for the x- and y-axes.

Slope and yjintercept shall be-calculated by a suitable regression analysis procedure. The estimate ¢f the
deviation (stgndard error) (Sy.x) should be reported, if linear regression is used. The regression line and the
line of identity (y=x) shall be-iricluded on the plot.

NOTE 1 Regressionhanalysis depends on the data meeting certain statistical assumptions. For an evaluatjon of
regression prdcedures-for method comparison studies, see Linnet!33! or StckIl36],

NOTE 2 Bibs -ean be calculated from the regression equation at selected glucose concentrations (e.g. at miedical
decision concentrations). See NCCLS EP9-A2[32],

EXAMPLE A regression plot from an evaluation of a blood-glucose monitoring system is illustrated below. The two
outer lines represent the acceptance criteria from 7.4. The regression line and the line of equality are superimposed.
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Figure 2 — Regression plot

7.4 Minimumacceptablesystemaccuracy
7.4.1 System accuracy requirement

The minimum acceptable accuracy for results produced by a glucose monitoring system shall be as follows.
Ninety-five percent (95 %) of the individual glucose results shall fall within + 0,83 mmol/L (15 mg/dL) of the

results of the manufacturer's measurement procedure at glucose concentrations < 4,2 mmol/L (< 75 mg/dL)
and within + 20 % at glucose concentrations > 4,2 mmol/L (> 75 mg/dL).

NOTE 1 The minimum acceptable accuracy criteria are based on the medical requirements for glucose monitoring. See
the Introduction for additional information.
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NOTE 2  The criteria apply to system accuracy evaluations in which users have received proper training, the device has
been properly maintained and required adjustment and control procedures have been followed in accordance with the
manufacturer’s instructions for use.

7.4.2 Data presentation

Results shall be presented separately for the glucose concentration intervals < 4,2 mmol/L (< 75 mg/dL) and
> 4,2 mmol/L (= 75 mg/dL) because different criteria apply.

a) For glucose concentrations < 4,2 mmol/L (75 mg/dL), results shall be expressed as the percentage of
values falling within the following intervals: + 0,28 mmol/L (£ 5 mg/dL), £ 0,56 mmol/L (+ 10 mg/dL), and
+ 0,83 mmoti (=5 mgrdt):

b) For gludose concentrations > 4,2 mmol/L (75 mg/dL), results shall be expressed as the percentage of
values falling within the following intervals: + 5 %, + 10 %, £ 15 % and + 20 %.

The results dhall be presented in a table for each concentration interval. The recommendéd, format is giyen in
the Example|and Tables 4 and 5 below.

EXAMPLE Tables 4 and 5 illustrate the presentation of results for the evaluation illustrated in 7.3.3.2 and 7.3.B.3, in
which 200 regults were obtained from 100 subjects. The data and criteria to be used-in determining acceptability are
shown in italick.

Table 4 — Example of presentation of system accuracy results‘for glucose concentration
< 4,2 mmol/L (75 mg/dL)

Within + 0,28 mmol/L Within + 0,56 mmol/L Within +0,83 mmol/L
(Within £ 5 mg/dL) (Within £ 10 mg/dL) (Within + 15 mg/dL)
18/40 (45 %) 28/40 (70 %) 38/40 (95 %)

Table 5 — Example of presentation of system accuracy results for glucose concentration
> 4,2’ mmol/L (75 mg/dL)

Within £5 % Within £10 % Within £ 15 % Within £20 %

36160 (22 %) 78/160(49 %) 136/160 (85 %) 156/160 (97 %)

7.4.3 Systém accuracy assessment

Acceptability|of the blood<glucose monitoring system shall be determined using all of the 200 results obthined
from the 100| subjects,.including any results identified as statistical outliers. The number of acceptable rgsults
at glucose cpncentrations < 4,2 mmol/L (< 75 mg/dL) shall be added to the number of acceptable resyits at
glucose congentrations > 4,2 mmol/L (> 75 mg/dL) to determine the number of acceptable results.

NOTE1 In tha _avamnla in 7 4. 92 29 £ 40 hyn W) aamnplac—a athin L N Q2 v/l (L AL /i L) at
tHC— i piC— =, o0 o4 ||yyu3|yuu\.||uu STTHPICS Were—whi——uv; oo = —roTgrd

concentrations < 4,2 mmol/L (<75 mg/dL) and 156 of the 160 samples with glucose concentrations > 4,2 mmol/L
(> 75 mg/dL) were within +20% of the reference values. Therefore, 194 of 200 samples (97,0 %) were within the
minimum acceptable performance criteria defined in 7.4.1.

NOTE 2  There are insufficient samples in each concentration interval to permit valid assessment of acceptability at
specific concentrations.
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8 User performance evaluation

8.1 General

The purpose of the user performance evaluation is to demonstrate that users are able to operate the blood-
glucose monitoring system, given only the instructions and training materials routinely provided with the

system and obtain valid glucose results.

A user performance evaluation shall be performed by the manufacturer prior to placing a new blood-glucose
monitoring system into commercial distribution.

NOTE Healthcare professionals who wish to demonstrate the performance of a blood-glucose moniorihg system in a
healttcare setting can consult NCCLS C30-A2['" for guidance.

Results obtained by the lay user shall be compared to results obtained by a validated, glucose measurement
procedure, as well as to results obtained by a healthcare professional from the samg(sample, usjng the same
blood-glucose monitoring system.

The pvaluation plan shall be documented in a detailed protocol. The requirements specified fin EN 13612
apply.

At legst 50 subjects, with varying demographics (age, sex, and educationlevel), shall be included|for each lot.

Study participants shall meet the requirements of the blood-glucese system (e.g. packed cell jolume within
the system’s specified interval).

User(studies shall be conducted using at least three differént reagent lots.
8.2 | Evaluation sites

Blood-glucose monitoring systems for self-testing shall be evaluated in a setting that allows the lay user to
perform the measurements without outside influence, i.e. as described in 8.1.

Ratignale for the selection of evaluationsites shall be documented.
The ¢valuation may be conducted at multiple sites.
8.3 | User evaluation

Study participants shall-be given the product instructions for use and any training materials that|are routinely
provigded with the blood-glucose monitoring system.

After|reviewing, the materials, the users shall perform their own fingersticks and test themselMes using the
blood-glucese monitoring system.

Immaediately after the user’s self-test, the investigation site’s trained healthcare professional shall|measure the
user’s blood with the blood-glucose monitoring system.

Within 5 min, a second blood sample shall be collected. The reference glucose concentrations shall be
determined by the manufacturer's measurement procedure (i.e. a selected or standing measurement
procedure or by another validated measurement procedure that has been shown to produce equivalent
results).

A routine glucose measurement procedure (e.g. in a hospital or outpatient clinic laboratory) that is validated

for precision and trueness by comparison to the manufacturer’s selected or standing measurement procedure
may be used to assign the reference values.
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A detailed description of the measurement procedure used to determine the glucose values, including its
traceability and/or equivalence to the manufacturer’s selected or standing measurement procedure, shall be
documented in the protocol.

Study participants shall not receive additional training, instructions, assistance, or training materials other than
those routinely provided with the blood-glucose monitoring system.

Study participants may be given a questionnaire to evaluate their understanding of the system.

User techniques in operating and maintaining the system, applying the sample, and reading the result shall be
evaluated by the trained healthcare professional participating in the study.

Results shalllbe documented in a report.
8.4 Evaluption of instructions for use
Instructions fpr use shall be evaluated by the intended users.

Study participants and healthcare professionals shall review the instructions for us€_and provide comments
regarding thg ease of understanding.

This evaluatipn may be combined with the testing described in 8.3, or may be’conducted separately.

User comments may be collected via questionnaires, or as part of human‘factors studies.
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