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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

O atco atoarorga atofS;— 0o

non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
ernational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

ernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

aental and

with the

2.

The main task of technical committees is to prepare International Standards. Draft International $tandards
adlopted by the technical committees are circulated to the member bodies for.voting. Publicatipn as an

IO 80601-2-56 was prepared by Technical Committee ISO/TC 121, Anaesthetic and respiratory e
Spibcommittee SC 3, Lung ventilators and related equipment/ in cooperation with Subcommi
Electrical equipment, of Technical Committee IEC/TC 62: Electrical equipment in medical practice.
IO 80601 consists of the following parts, under the general title Medical electrical equipment:

—t Part 2-12: Particular requirements for basic safety and essential performance of critical care ven

of patent

huipment,
tee 62D,

filators

—t Part 2-13: Particular requirements for- basic safety and essential performance of an amaesthetic

workstation

—t Part 2-55: Particular requireménts for the basic safety and essential performance of respir
monitors

—t Part 2-56: Particular requirements for basic safety and essential performance of clinical thermo
body temperature measurement

—t Part 2-61: Particular requirements for the basic safety and essential performance of pulse
equipment farmedical use

IHC 80601-2-80: Particular requirements for basic safety and essential performance of 4§
non-invasive’ sphygmomanometers, |IEC 80601-2-35: Particular requirements for basic safety and
performance of blankets, pads and mattresses intended for heating in medical use, IEC 80601-2-58:
rdquirements for basic safety and essential performance of lens removal devices and vitrectomy d

htory gas

neters for

oximeter

utomated
essential
Particular
bvices for

O ==
screening thermographs for human febrile temperature screening and IEC 80601-2-60:
requirements for basic safety and essential performance of dental equipment are published by IEC.

© 1SO 2009 - All rights reserved
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Introduction

In this International Standard, the following print types are used.

In referrin

Referenc
clause nu

In this Infernational Standard, the conjunctive “or” is.used as an “inclusive or” so a statement is true if a
combinat

The verb
Directives

An asteri
there is g

This inter

Requirements and definitions: roman type.

Test

Inforr
text of

TERM
CAPIT

“clau
(e.g.

“sub
Clau

“shal
stang

comy

may

shoylld” means that comipliance with a requirement or a test is recommended but is not mandatory for

specifications: italic type.

hative material appearing outside of tables, such as notes, examples and references: in smaller type. Normatije
f tables is also in a smaller type.

S DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD, IN THIS PARTICULAR STANDARD,OR\AS NOTED: SMALL
ALS.

g to the structure of this International Standard, the term

5e” means one of the 20 numbered divisions within the table of contéents, inclusive of all subdivisiops
Clause 7 includes subclauses 7.1, 7.2, etc.);

lause” means a numbered subdivision of a clause (e.g. #A,77.2 and 7.2.1 are all subclauses [of
5e 7).

bs to clauses within this International Standard are preceded by the term “Clause” followed by the
mber. References to subclauses within this International Standard are by number only.

=

y
on of the conditions is true.

bl forms used in this International Standard conform to usage described in Annex H of the ISO/IHC
, Part 2. For the purposes of this International Standard, the auxiliary verb:

means that compliance with a requirement or a test is mandatory for compliance with th
ard;

S

liance with this standard;
" is used todéescribe a permissible way to achieve compliance with a requirement or test.

bk (*)_as-the first character of a title or at the beginning of a paragraph or table title indicates that
Lidance or rationale related to that item in Annex AA.

. trideats—with-etectricat et | - el

come available in the future.

The purpose of a CLINICAL THERMOMETER is to assess the true temperature of a REFERENCE BODY SITE. The
temperature of the PATIENT'S body is an important vital sign in assessing overall health, typically in
combination with blood pressure and pulse rate. Determining whether a PATIENT is afebrile or febrile is an
important purpose of a CLINICAL THERMOMETER, since being febrile suggests that the PATIENT is ill.

Vi

© 1SO 2009 - All rights reserved
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There are different temperatures at each REFERENCE BODY SITE according to the balance between the
production, transfer, and loss of heat.[38] CLINICAL ACCURACY of a CLINICAL THERMOMETER is VERIFIED by
comparing its OUTPUT TEMPERATURE with that of a REFERENCE THERMOMETER, which has a specified uncertainty
for measuring true temperature. For an equilibrium CLINICAL THERMOMETER, the CLINICAL ACCURACY can be
sufficiently determined under laboratory conditions that create an equilibrium state between the two
thermometers.

For a CLINICAL THERMOMETER that operates in the ADJUSTED MODE, laboratory VERIFICATION alone is not
sufficient because the adjustment algorithm for deriving the OUTPUT TEMPERATURE includes the characteristics
of the PATIENT and the environment.[3] Therefore the CLINICAL ACCURACY of a CLINICAL THERMOMETER that

DIRECT MODE and the CLINICAL ACCURACY is VALIDATED in the ADJUSTED MODE (OPERATING MODE) with a
sufficiently large group of human subjects.

The intention of this International Standard is to specify the requirements and the test procedurgs for the
VERIFICATION of the LABORATORY ACCURACY for all types of electrical CLINICALTHERMOMETERS as well jas for the
VALIDATION of the CLINICAL ACCURACY of a CLINICAL THERMOMETER that operates in the ADJUSTED MODE

© ISO 2009 — All rights reserved vii
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Medical electrical equipment —

Part 2-56:

Particular requirements for basic safety and essential
performance of clinical thermometers for body temperatur;
measurement

201.1 * Scope, object and related standards

IHC 60601-1:2005, Clause 1 applies, except as follows:

201.1.1 Scope
Replacement:

This International Standard applies to the BASIC SAFETY ‘and ESSENTIAL PERFORMANCE of a
THERMOMETER in combination with its ACCESSORIES, hereafter referred to as ME EQUIPMENT. This
specifies the general and technical requirements for electrical CLINICAL THERMOMETERS. This standa

CLINICAL THERMOMETERS can be equipped with<interfaces to accommodate secondary indicators
eiuipment, and other auxiliary equipment to Create ME SYSTEMS. This standard does not apply tg
equipment.

ME EQUIPMENT that measures a temperature not as a primary purpose, but as a secondary function,
thie scope of this standard.

EXAMPLE 1 Swan-Ganz thermodilution determination of cardiac output is not in the scope of this standard.
EXAMPLE 2 A Foley catheter that includes a temperature PROBE is in the scope of this standard.

EXAMPLE 3 PAT/ENT heating ME EQUIPMENT that includes a skin temperature measurement such as infant
hgating blankets~heating pads and heating mattresses are not in the scope of this standard, unless they
temperature of.a REFERENCE BODY SITE in which they are in the scope of this standard.

Requirements for ME EQUIPMENT intended to be used for non-invasive human febrile temperature sc
gfoups ‘of individuals under indoor environmental conditions are given in IEC 80601-2-59:2008
ME EQUIPMENT is not covered by this standard.

tg all electrical CLINICAL THERMOMETERS that are usedfor measuring the body temperature of PATIENT$

[1%

CLINICAL
standard
d applies

D.

, printing
auxiliary

s outside

ncubators,
indicate a

eening of
and such

If a clause or subclause is specifically intended to be applicable to ME EQUIPMENT only, or to ME SYSTEMS only,
the title and content of that clause or subclause will say so. If that is not the case, the clause or subclause

applies both to ME EQUIPMENT and to ME SYSTEMS, as relevant.

HAZARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS within the

scope of

this standard are not covered by specific requirements in this standard except in IEC 60601-1:2005, 7.2.13

and 8.4.1.

NOTE Additional information can be found in IEC 60601-1:2005, 4.2.

© 1SO 2009 - All rights reserved
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201.1.2 Object
Replacement:

The object of this particular standard is to establish particular BASIC SAFETY and ESSENTIAL PERFORMANCE
requirements for a CLINICAL THERMOMETER, as defined in 201.3.206, and its ACCESSORIES.

NOTE ACCESSORIES are included because the combination of the CLINICAL THERMOMETER and the ACCESSORIES needs
to be safe. ACCESSORIES can have a significant impact on the BASIC SAFETY and ESSENTIAL PERFORMANCE of a CLINICAL
THERMOMETER.

201.1.3 Collateral standards
Addition:

9

This particular standard refers to those applicable collateral standards that are listed in IEC _60601-1:200
Clause 2| as well as Clause 2 of this particular standard.

IEC 6060(1-1-3 does not apply.

201.1.4 Particular standards

ent:

, IEC 60601-1 is referred to in this particular standard as the general standard. Collateral standarfls

The numpering of sections, clauses and subclausés of this particular standard corresponds to that of the
general sfandard with the prefix “201” (e.g. 20421 in this standard addresses the content of Clause 1 of the
general gtandard) or applicable collateral standard with the prefix “20x” where x is the final digit(s) of the

60601-1-8 collateral standard, etc.): The changes to the text of the general standard are specified by the uge
of the follpwing words:

“Replacefent” means that:th& clause or subclause of the IEC 60601-1 or applicable collateral standard |is
replaced pompletely by thejtext of this particular standard.

“Addition] means that(the text of this particular standard is additional to the requirements of the IEC 60601f1
or applicgdble collateral standard.

“Amendmrent’ ‘means that the clause or subclause of the IEC 60601-1 or applicable collateral standard |is

amendedlas-indicated-by-the text of thisparticular standard-

Subclauses or figures which are additional to those of the general standard are numbered starting
from 201.101, additional annexes are lettered AA, BB, etc., and additional items aa), bb), etc.

Subclauses or figures which are additional to those of a collateral standard are numbered starting
from 20x, where “x” is the number of the collateral standard, e.g. 202 for IEC 60601-1-2, 203 for
IEC 6060-1-3, etc.

The term “this standard” is used to make reference to the IEC 60601-1, any applicable collateral standards
and this particular standard taken together.

2 © 1SO 2009 - All rights reserved
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Where there is no corresponding section, clause or subclause in this particular standard, the section, clause
or subclause of the IEC 60601-1 or applicable collateral standard, although possibly not relevant, applies
without modification; where it is intended that any part of the IEC 60601-1 or applicable collateral standard,
although possibly relevant, is not to be applied, a statement to that effect is given in this particular standard.

201.2 Normative references

NOTE Informative references are listed in the bibliography beginning on page 43.
|5EE-60684-+2065-Clatse2-apphesrexceptasfotows:

Replacement:

IHC 60601-1-2:2007, Medical electrical equipment — Part 1-2: General requirements {or’basic sgfety and
essential performance — Collateral Standard: Electromagnetic compatibility — Requirements and tests

IHC 60601-1-6:2006, Medical electrical equipment — Part 1-6: General requirements for basic sgfety and
essential performance — Collateral Standard: Usability

IHC 60601-1-8:2006, Medical electrical equipment — Part 1-8: General xequirements for basic spfety and
essential performance — Collateral Standard: General requirements, tests' and guidance for alarm systems in
miedical electrical equipment and medical electrical systems

Agldition:

IO 14155-1:2003, Clinical investigation of medical devices for human subjects — Part 1. General
rgquirements

IO 14155-2:2003, Clinical investigation of medical devices for human subjects — Part 2} Clinical
investigation plans

I90 15223-1:2007, Medical devices — Symbols to be used with medical device labels, labglling and
information to be supplied — Part 1: General requirements

Amendment 1:2008

IHC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic safety and
essential performance

IHC 60601-1-9:2007, Medical electrical equipment — Part 1-9: General requirements for basic spfety and
essential performance = Collateral Standard: Requirements for environmentally conscious design

IHC 60601-1-10;2007, Medical electrical equipment — Part 1-10: General requirements for basic dafety and
essential performance — Collateral Standard: Requirements for the development of physiologic clpsed-loop
controllers

2013 Terminology and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-1:2005, IEC 60601-1-6:2006,
IEC 60601-1-8:2006, and the following definitions apply.

NOTE An alphabetized index of defined terms is found beginning on page 45.

Additions:

201.3.201
* ADJUSTED MODE
OPERATING MODE where the OUTPUT TEMPERATURE is calculated by adjusting the signal from the input SENSOR

©

1ISO 2009 — All rights reserved
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EXAMPLE Adjustments can include one or more of the following: variations in the SENSOR's rate of response,
ambient temperature, measured temperature, and the thermal, physiological, or anatomical properties of both the
MEASURING SITE and the REFERENCE BODY SITE.

NOTE For the purposes of this particular standard, emissivity is considered a thermal or physiological property of the
MEASURING SITE, i.e. any CLINICAL THERMOMETER utilizing radiance that is dependant on emissivity is considered to operate
in an ADJUSTED MODE.

201.3.202
BLACKBODY

precisely
close as practical to unity

201.3.203
CLINICAL ACCURACY
closenes$ of agreement between the OUTPUT TEMPERATURE of a CLINICAL THERMOMETER and the true value [of
the tempegrature of the REFERENCE BODY SITE that the CLINICAL THERMOMETER purports to represent

201.3.204
CLINICAL BIAS
Acb
mean difference between OUTPUT TEMPERATURES of a CLINICAL THERMOMETER and a REFERENCE CLINICAL
THERMOMETER for the intended REFERENCE BODY SITE with specified LIMITSQF AGREEMENT when measured frgm
selected group of subjects

NOTE LiMITS OF AGREEMENT can also be described as clinical uncertainty.

201.3.204
CLINICAL REPEATABILITY
O'r
pooled standard deviation (over a selected group of subjects) of changes in multiple OUTPUT TEMPERATURES
taken from the same subject from the same MEASURING SITE with the same CLINICAL THERMOMETER by the
same OPHRATOR within a relatively short time

201.3.206
* CLINICAL THERMOMETER
ME EQUIPMENT used for measuring.at the MEASURING SITE and indicating the temperature at the REFERENCE
BODY SITE

NOTE The MEASURING SITE'Can be the same as REFERENCE BODY SITE.

201.3.207%
* DIRECT MIODE
OPERATING MODE Of a CLINICAL THERMOMETER where the OUTPUT TEMPERATURE is an unadjusted temperatufe
that reprgsents.the temperature of the MEASURING SITE to which the PROBE is coupled

201.3.20
EXTENDED OUTPUT RANGE
OUTPUT TEMPERATURE range having one or both limits that are outside of the RATED OUTPUT RANGE

201.3.209
FLUID BATH
REFERENCE TEMPERATURE SOURCE containing fluid at a uniform temperature

EXAMPLES Water, oil and air.

4 © 1SO 2009 - All rights reserved
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201.3.210

LABORATORY ACCURACY

closeness of agreement between the OUTPUT TEMPERATURE of a thermometer and the true value of the
measurand

NOTE LABORATORY ACCURACY is sometimes referred to as maximum permissible error.

201.3.211

LIMITS OF AGREEMENT
Ly

the magnitude of a potential disagreement between outputs of two CLINICAL THERMOMETERS equal to double
thie standard deviation of OUTPUT TEMPERATURE differences when used on the same human subjects

NOTE LIMITS OF AGREEMENT can also be described as clinical uncertainty.

201.3.212
MEASURING SITE
part of a PATIENT where the temperature is measured

EXAMPLES Pulmonary artery, distal oesophagus, sublingual space in the mputh, rectum, ear canal, axilla (armpit),
forehead skin.

201.3.213
OPERATING MODE
stpte of a CLINICAL THERMOMETER that gives an OUTPUT TEMPERATURE of an intended REFERENCE BODY SITE

201.3.214

OUTPUT RANGE
span between the lowest and highest temperature*limits where a CLINICAL THERMOMETER indicatels OUTPUT
TEMPERATURE within the specified characteristics of:\tLABORATORY ACCURACY

201.3.215
OYTPUT TEMPERATURE
temperature indicated by a thermometer

NOTE Methods of indication can include printed, spoken, displayed and remotely displayed.

OBE

2%1 .3.216
rt of a CLINICAL THERMOMETER that provides a thermal coupling between the SENSOR and the PATIENT

NOTE Thermalcoupling can be contact or non-contact.
201.3.217
P

OBE CABLE EXTENDER
cable that.connects a CLINICAL THERMOMETER to a PROBE

NOTFE1 Not every CLINICAL THERMOMETER utilizes a PROBE CABLE EXTENDER.

NOTE 2 A PROBE CABLE EXTENDER can be an APPLIED PART.

201.3.218

PROBE COVER

disposable or reusable ACCESSORY of a CLINICAL THERMOMETER that provides a sanitary barrier between the
PROBE and the PATIENT

201.3.219

* REFERENCE BODY SITE
part of a PATIENT to which the OUTPUT TEMPERATURE refers

© 1SO 2009 - All rights reserved 5
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EXAMPLES Pulmonary artery, distal oesophagus, sublingual space in the mouth, rectum, ear canal, axilla (armpit),
forehead skin

201.3.220

REFERENCE CLINICAL THERMOMETER

RCT

CLINICAL THERMOMETER having established CLINICAL ACCURACY and LABORATORY ACCURACY, which is used for
CLINICAL ACCURACY VALIDATION of another CLINICAL THERMOMETER

201.3.221

REFERENGE-TEMPERATURE SOURCE

source ofla thermal energy whose temperature is measured by a REFERENCE THERMOMETER

EXAMPLHES BLACKBODY, FLUID BATH.

201.3.222
REFERENGE THERMOMETER
equilibriufn thermometer of a contact type for laboratory application whose calibration is traceable to a national
standard pf temperature, with a specified accuracy and associated uncertainty

NOTE An equilibrium thermometer can also be described as a zero-heat flow thermometer.
EXAMPLH Platinum resistance thermometer with calibration traceable to a national standard of temperature.
201.3.223

REPROCE$SING
any activity, not specified in the ACCOMPANYING DOCUMENT, that renders a used product ready for re-use

NOTE 1 The term “REPROCESSED” is used to designate the corresponding status.

NOTE 2 | Such activities are often referred to as refinishing, restoring, recycling, refurbishing, repairing |or
remanufadturing.

NOTE 3 Such activities can occur in healthcare fagilities.

201.3.224
SENSOR
part of theé CLINICAL THERMOMETER that-converts thermal energy into an electrical signal

201.3.228%
TEST MOD
state of g CLINICAL THERMQMETER where the OUTPUT TEMPERATURE represents the temperature measured by
the SENSQR and is not adjusted for a REFERENCE BODY SITE or the rate of response of the SENSOR

NOTE 1 The TESTMODE can be used for the determination of the LABORATORY ACCURACY of the CLINICAL THERMOMETER.

NOTE 2 The TEST MODE can be the DIRECT MODE of the CLINICAL THERMOMETER.

201.4 General requirements

IEC 60601-1:2005, Clause 4 applies, except as follows:

201.4.2 RISK MANAGEMENT PROCESS for ME EQUIPMENT or ME SYSTEMS

Additional subclause:
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201.4.2.101 Additional requirements for RISK MANAGEMENT PROCESS for ME EQUIPMENT or
ME SYSTEMS

When performing the RISK MANAGEMENT PROCESS required by IEC 60601-1:2005, 4.2, the analysis shall
consider the RISks of changing environmental conditions for the CLINICAL THERMOMETER and provide guidance
regarding the RESIDUAL RISKS in the instruction for use.

NOTE PORTABLE CLINICAL THERMOMETERS can undergo changing environmental conditions that can affect the
LABORATORY ACCURACY.

Compliance is checked by inspection of the instructions for use and the RISK MANAGEMENT FILE.

201.4.3 ESSENTIAL PERFORMANCE

Afditional subclause:

201.4.3.101 * Additional requirements for ESSENTIAL PERFORMANCE
Additional ESSENTIAL PERFORMANCE requirements are found in the subclauses listed in Table 201.101

Table 201.101 — Distributed ESSENTIAL PERFORMANCE-requirements

Requirement Subclause
Accuracy of the CLINICAL THERMOMETER or at least one of the following: 201.101.2
— generation of a TECHNICAL ALARM CONDITION; 201.12.1.101
— not providing an OUTPUT TEMPERATURE;
— marking the ambient temperature operating range. 201.4.101

Afditional subclause:

201.4.101 Environmental conditions of use
A|CLINICAL THERMOMETER intended for home healthcare use shall operate in NORMAL USE over the ranges of

—t an ambient temperature operating range from 15 °C to 35 °C; and
— arelative humidity range’of 15 % to 85 % (non-condensing);

of the CLINICAL THERMOMETER shall be marked with the limited environmental operation rangg and the
instructions for useshall disclose the warning of the consequences of operation outside of that range].

201.5 General requirements for testing of ME EQUIPMENT

IHC 60601-1:2005, Clause 5 applies.

201.6 Classification of ME EQUIPMENT and ME SYSTEMS

IEC 60601-1:2005, Clause 6 applies.

201.7 ME EQUIPMENT identification, marking and documents

IEC 60601-1:2005, Clause 7 applies, except as follows:
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201.7.21 Minimum requirements for marking on ME EQUIPMENT and interchangeable parts

Additional subclause:

201.7.2.1.101 Additional requirements for minimum requirements for marking on
ME EQUIPMENT and interchangeable parts, marking of the packaging

The packaging of a CLINICAL THERMOMETER and PROBE shall be marked with the following information:

a) MEASURING SITE and REFERENCE BODY SITE;

b) details to enable the OPERATOR to identify the mode of operation of the CLINICAL THERMOMETER and tl|1e
contegnts of the packaging;

EXANIPLE This package contains a predictive thermometer that estimates the PATIENT's temperature and [0
protegtive barriers.

c) if steffle, the appropriate symbols from ISO 15223-1:2007 (see Table D.2.101, Symbols:3'to 8);

d) for g CLINICAL THERMOMETER or PROBE with an expiration date, 1SO 15223-1:2007, Symbol 5.12
(see[Table D.2.101, Symbol 2);

e) for a|single use CLINICAL THERMOMETER or PROBE, the words “single use only” or “do not reuse”, in|a
langyage that is acceptable to the intended OPERATOR, ot 1SO 15223-1:2007, Symbol §2
(see[Table D.2.101, Symbol 1);

f) any special storage and/or handling instructions.

For a spegific MODEL OR TYPE REFERENCE, the indication of single“use shall be consistent.

Compliance is checked by inspection.

201.7.2.2 Marking on the outside of ME EQUIPMENT or ME EQUIPMENT parts

Additional subclause:

201.7.2.101 Additional requirements for marking on the outside of ME EQUIPMENT or
ME EQUIPMENT parts

A CLINICAL THERMOMETER shall iave CLEARLY LEGIBLE markings with the following information:

a) the gymbol “°C” or “’F>-adjacent to the OUTPUT TEMPERATURE, if not indicated at the display. If switchi:l:g
betwgen degrees Fahrenheit and degrees Celsius is possible, the respective unit of measure of tihe
OUTPUT TEMPERATURE shall be indicated unambiguously;

b) intendled MEASBRING SITE;

c) that 4 mew PROBE COVER shall be used prior to next measurement, if necessary to maintain ESSENTIAL
PERFORMANCE.

Compliance is checked by inspection.

201.7.4.3 Unit of measure

Additional subclause:

201.7.4.3.101 Additional requirements for unit of measure

A CLINICAL THERMOMETER shall express the temperature in either degrees Celsius, °C or degrees
Fahrenheit, °F, or both.
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The CLINICAL THERMOMETER shall clearly indicate the unit of measure.

Compliance is checked by inspection and functional testing.

201.7.9 ACCOMPANYING DOCUMENT

201.7.9.1 Additional general requirements
Amendment (replace the first dash with):

IN O 3 3 A
to which the RESPONSIBLE ORGANIZATION can refer;

201.7.9.2 Additional requirements for instructions for use

Afditional subclause:

201.7.9.2.14.101 Additional requirements for ACCESSORIES, supplementary equipme
material

The instructions for use shall include all necessary information, as regards/toxicity and/or action o
about materials with which the PATIENT or any other person can come into contact and inforn
RESIDUAL RISKS for children, pregnant or nursing women and, if applicable, any appropriate preq
mieasures;

Cpmpliance is checked by inspection of the RISK MANAGEMENT FILE and by inspection.

201.7.9.2.101 Instructions for use
The instructions for use shall include:

al the MEASURING SITE and REFERENCE BODY SITE of the CLINICAL THERMOMETER;

b) if applicable, the recommended minimum measuring time and minimum time between measure
each intended MEASURING SITE;

c) the RATED OUTPUT RANGE for\each intended REFERENCE BODY SITE;

d] the LABORATORY ACCURACY in the RATED OUTPUT RANGE and, if equipped, the LABORATORY ACCUR]
RATED EXTENDED QUTPUT RANGE;

e)] for CLINICAL THERMOMETERS intended to be used with a PROBE COVER:
1) instruetions for the application of a PROBE COVER;

2) .information about the behaviour of the CLINICAL THERMOMETER when used without the PROBE

:2009(E)

e locale,

nt, used

n tissues,
hation on
autionary

ments for

ACY in the

COVER;

f)| “Whether the CLINICAL THERMOMETER is a DIRECT MODE or an ADJUSTED MODE CLINICAL THERMOMETE

R;

g) instructions for selection and replacement of the INTERNAL ELECTRICAL POWER SOURCE, if applicable;

EXAMPLE Battery replacement.

h) details of the nature and frequency of any maintenance and/or calibration needed to ensure that the

CLINICAL THERMOMETER operates properly and safely;
i) information concerning the disposal of the CLINICAL THERMOMETER and its components;

EXAMPLES Battery or PROBE COVER disposal.
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j) if the CLINICAL THERMOMETER or its parts are intended for single use, information on characteristics and
technical factors known to the MANUFACTURER that could pose a RISK if the CLINICAL THERMOMETER or its

parts

would be re-used;

k) date of issue or the revision of the instructions for use;

[) an explanation of the meaning of the IP classification marked on the CLINICAL THERMOMETER.

Complian

ce is checked by inspection.

AdditiongI subclause:

201.7.9.1

Unless t'l\re CLINICAL THERMOMETER is equipped with a TEST MODE or DIRECT MODE, the ACCOMPANYING

DOCUMEN
measured

Complian

201.8
IEC 6060

201.9
IEC 6060

201.10
IEC 6060

201.11
IEC 6060

201.12

IEC 6060

201.12.1

01 Additional requirements for ACCOMPANYING DOCUMENT

shall include the correction method to derive unadjusted temperatures from OUTPUT/ TEMPERATURE
in the ADJUSTED MODE.

ce is checked by inspection.

Protection against electrical HAZARDS from ME EQUIPMENT

1-1:2005, Clause 8 applies.

Protection against mechanical HAZARDS of<ME EQUIPMENT and ME SYSTEMS

1-1:2005, Clause 9 applies.

Protection against unwanted and excessive radiation HAZARDsS

1-1:2005, Clause 10 applies.

Protection against excessive temperatures and other HAZARDS

1-1:2005, Clause 11 applies.

Accuracy ofcontrols and instruments and protection against hazardoys
outputs

1-1:2005¢4 Clause 12 applies, except as follows:

Accuracy of controls and instruments

Additional subclause:

201.12.1

.101 Additional requirements for accuracy of controls and instruments

When the CLINICAL THERMOMETER is not capable of indicating a temperature within the LABORATORY ACCURACY,
it shall provide a TECHNICAL ALARM CONDITION or it shall not provide an OUTPUT TEMPERATURE. Alternatively a
CLINICAL THERMOMETER may be marked with the ambient temperature operating range.

NOTE 1

10

Possible causes include:

a) low voltage of the INTERNAL ELECTRICAL POWER SOURCE;

b) OUTPUT TEMPERATURE outside the RATED OUTPUT RANGE Or RATED EXTENDED OUTPUT RANGE;
C) CLINICAL THERMOMETER temperature outside the ambient temperature operating range.

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=8e80146ad213cf313a47a873bd3de8e8

ISO 80601-2-56:2009(E)

The OUTPUT TEMPERATURE oOf CLINICAL THERMOMETERS should cover the minimum RATED OUTPUT RANGE from

35,0 °C to0 42,0 °C.

NOTE 2 In some applications a wider RATED OUTPUT RANGE can be needed.

NOTE 3  In some applications a narrower RATED OUTPUT RANGE can be needed (e.g. ovulation CLINICAL THERMOMETER).

Compliance is checked by inspection and functional testing.

201.12.2 USABILITY

Afditional subclause:

201.12.2.101 * Additional requirements for USABILITY

appear that height.

performed after activation.

Cpmpliance is checked by inspection and inspection of the USABILITY ENGINEERING FILE.

201.13 HAZARDOUS SITUATIONS and fault conditions

IHC 60601-1:2005, Clause 13 applies.

201.14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS)

IHC 60601-1:2005, Clause 14 applies.

201.15 Construction of ME'\EQUIPMENT

IHC 60601-1:2005, Clause 15-applies.

201.16 ME SYSTEMS

IHC 60601-1:2005,\Clause 6 applies.

201.17 ¥ Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS

IHC-60601-1:2005, Clause 17 applies.

Inl addition to the requirements of IEC 60601-1:2005, 12.2, for CLINICAL THERMOMETERS intended
healthcare use, the display of OUTPUT TEMPERATURE shall be at least 4 mm high or optically magnifie

For CLINICAL THERMOMETERS with a segmented indication display, a functienal test of all segments

for home
H so as to

b shall be

Additional subclauses:

201.101 Laboratory performance requirements

201.101.1 * General test requirements

Laboratory performance shall be assessed in DIRECT MODE or in TEST MODE under the same conditions. If a
TEST MODE or DIRECT MODE is not available, use the correction method to derive unadjusted temperatures from

OUTPUT TEMPERATURE in accordance with the ACCOMPANYING DOCUMENT.

© 1SO 2009 - All rights reserved

11


https://standardsiso.com/api/?name=8e80146ad213cf313a47a873bd3de8e8

ISO 80601-2-56:2009(E)

A CLINICAL THERMOMETER intended for use with a PROBE COVER, shall be tested together with the PROBE COVER
as indicated in the instructions for use. A new PROBE COVER shall be used for each OUTPUT TEMPERATURE
measurement.

NOTE
required to be evaluated according to 201.102.

A CLINICAL THERMOMETER OPERATING MODE whose accuracy cannot be VERIFIED by utilizing a FLUID BATH is also

Compliance is checked by inspection and inspection of the ACCOMPANYING DOCUMENT.

201.101.2 * Laboratory accuracy

The LABORATORY ACCURACY within the RATED OUTPUT RANGE in NORMAL USE shall

greater than 0,3 °C for a continuous CLINICAL THERMOMETER that is not an ADJUSTED MODE |ELINICAL
OMETER, and

e greater than 0,2 °C otherwise.
RATORY ACCURACY, within the RATED EXTENDED OUTPUT RANGE in NORMAL USE) shall not be greater
C unless CLINICAL THERMOMETER indicates that the measured temperature‘is outside of the RATED
\NGE.

BE is separable from the CLINICAL THERMOMETER, they may be tested separately.

For some applications, improved LABORATORY ACCURACY can be needed (e.g. ovulation CLINICAL THERMOMETER

=~

ce is checked with the following test.

Ze a REFERENCE TEMPERATURE SOURCE, which is“either a FLUID BATH or a BLACKBODY radiator as
ribed in Annex BB. Ensure that the temperaturevsupplied by the REFERENCE TEMPERATURE SOURGE
total uncertainty (covering factor k = 2) of not.\greater than 0,07 °C.

the CLINICAL THERMOMETER into a climatic-\chamber and set the ambient temperature and humidity [to
bximately the mid range of temperature and humidity as indicated in the ACCOMPANYING DOCUMENT.

e temperature of the REFERENCE TEMPERATURE SOURCE to approximately the midpoint of the RATED

OUTRUT RANGE. Stabilize the CLINICAL THERMOMETER at given conditions of ambient temperature apd

humidity for a minimum of 30 min, or longer if indicated in the ACCOMPANYING DOCUMENT.

Meagure the temperature-of the REFERENCE TEMPERATURE SOURCE with both the CLINICAL THERMOMETER

REFERENCE THERMOMETER. Record the results.

at ¢) and d),dwice, once setting the temperature of the REFERENCE TEMPERATURE SOURCE to witHin
of the uppekiimit and once within 1 °C of the lower limit of the RATED OUTPUT RANGE.

CLINIGAL THERMOMETER is provided with an EXTENDED OUTPUT RANGE, repeat e) twice, once setting
emperature of the REFERENCE TEMPERATURE SOURCE to within 0,5 °C of the upper limit and onge

p 0,5 °C of the lower limit of the RATED EXTENDED OUTPUT RANGE.

at c¢) through f) at four points, the combinations of upper and lower limits of environmental
erature and humidity ranges as indicated in the ACCOMPANYING DOCUMENT.

Calculate the measurement error, e, for each individual OUTPUT TEMPERATURE measurement using
Equation (1).

Ensure that the measurement error meets the requirement.

— not
THER
— not b
The LABQ
than 0,4
OUTPUT R}
If the PRO
NOTE
Complian
a) *Util
desc|
has ¢
b) Placg
appr
c) Sett
d)
and
e) Repe
1°C
f) If the
the
withi
g) Repe
temp
h)
i)
12
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The error of an individual OUTPUT TEMPERATURE measurement is indicated by Equation (1).

€ = 17yt - lref

where

T
in

C

i)

:2009(E)

(1)

ttut IS the individual OUTPUT TEMPERATURE of the CLINICAL THERMOMETER under test (TUT) when

measuring the REFERENCE TEMPERATURE SOURCE, and

tof IS the corresponding OUTPUT TEMPERATURE of the REFERENCE TEMPERATURE SOURCE measured by

201.101.3 * Time response for a continuous CLINICAL THERMOMETER

e transient response for a continuous CLINICAL THERMOMETER shall be characterized‘and disclos
struction for use.

bmpliance is checked by inspection of the instructions for use and with the following test.

the REFERENCE THERMOMETER.

Utilize two REFERENCE TEMPERATURE SOURCES, which are FLUID BATHS, BLACKBODIES or specially
thermal sources as described in Annex BB.

ed in the

designed

Set the temperature of the first REFERENCE TEMPERATURE SOURCE to approximately the middle of the

RATED OUTPUT RANGE. Set the temperature of the secOond REFERENCE TEMPERATURE S
approximately 2 °C higher than the first REFERENCE TEMPERATURE SOURCE. Ensure that the temp
the second REFERENCE TEMPERATURE SOURCE is wijthin the RATED OUTPUT RANGE of the
THERMOMETER.

For 5 minutes, or longer if necessary to achievé.thermal equilibrium, thermally couple the PRC
CLINICAL THERMOMETER to the first REFERENCE;TEMPERATURE SOURCE. Note the time and immedia
the PROBE to the second REFERENCE TEMPERATURE SOURCE.

Continuously monitor the OUTPUT TEMPERATURE until the new temperature reading remains
LABORATORY ACCURACY limits of (the second REFERENCE TEMPERATURE SOURCE and is
LABORATORY ACCURACY of the CLINICAL THERMOMETER. Note the time.

Note the difference betweénthe two times and record the heating transient time.
Set the temperature-of the second REFERENCE TEMPERATURE SOURCE to approximately 2 °C lowe
first REFERENCE (TEMPERATURE SOURCE. Ensure that the temperature of the second R
TEMPERATURE SOURCE is within the RATED OUTPUT RANGE of the CLINICAL THERMOMETER.

Repeat c)through d).

Note the' difference between the two times and record the cooling transient time.

Ensure that the transient time for both heating and cooling is less than the recommended

DURCE to
erature of
CLINICAL

BE of the
tely move

within the
ithin the

r than the
FFERENCE

minimum

mn:muring time indicated in the ACCOMPANYING DOCUMENT.

201.102 * CLINICAL ACCURACY VALIDATION

201.102.1 Method

ADJUSTED MODE CLINICAL THERMOMETERS shall be VALIDATED for CLINICAL ACCURACY in each ADJUSTED MODE.
The results of CLINICAL ACCURACY VALIDATION shall be disclosed in the ACCOMPANYING DOCUMENT. This
disclosure shall include: the CLINICAL BIAS, Acb’ with its LIMITS OF AGREEMENT, L,, the CLINICAL REPEATABILITY,
O the REFERENCE BODY SITE and MEASURING SITE for each OPERATING MODE.

© 1SO 2009 - All rights reserved
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NOTE 1 CLINICAL BIAS is the mean difference between OUTPUT TEMPERATURES of the CLINICAL THERMOMETER under test
(TUT) and the RcT for a specific REFERENCE BODY SITE when measured from a selected group of subjects. The CLINICAL BIAS
for each OPERATING MODE of the TUT defines closeness between the TUT ouTPUT TEMPERATURE and that of the RcCT.

NOTE 2  Any CLINICAL THERMOMETER OPERATING MODE whose accuracy cannot be VERIFIED by utilizing a FLUID BATH is
considered an ADJUSTED MODE CLINICAL THERMOMETER.

NOTE 3 The CLINICAL THERMOMETER can have more than one OPERATING MODE with different CLINICAL ACCURACIES.

The CLINICAL ACCURACY VALIDATION shall be conducted in accordance with 1SO 14155-1:2003 and
ISO 14155-2:2003

NOTE 4 | This particular standard specifies that during a CLINICAL ACCURACY VALIDATION of a CLINICAL THERMEMETHR,
characterigtics that represent CLINICAL ACCURACY (i.e. the CLINICAL BIAS with its LIMITS OF AGREEMENT and) CLINIGAL
REPEATABIYITY) are evaluated. These characteristics are evaluated from the same data set obtained withya CLINICAL
THERMOMETER under test (TUT) and a REFERENCE CLINICAL THERMOMETER (RCT), both indicating the ouTPUT TEMPERATURE |of
the same REFERENCE BODY SITE.

A CLINICAL THERMOMETER intended for use with a PROBE COVER, shall be tested together Wwith the PROBE COVER
as indicated in the instructions for use. A new PROBE COVER shall be used for each-OUTPUT TEMPERATURE
measurerment.

Consider|compliance with the requirements of this subclause to exist whenithe requirements of 201.102J2,
201.102.8, 201.102.4 and 201.102.5 have been fulfilled, by inspection of thé.instructions for use and with the
following fest.

a) Temperatures measured with the TUT shall be obtained in the’xOPERATING MODE being evaluated and with
the RATIENT population indicated in the instructions for use according to 201.102.2. Before and after the
tests| LABORATORY ACCURACY of the RCT shall be VERIFIED With a REFERENCE TEMPERATURE SOURCE.

b) Takeg ouTPUT TEMPERATURES from the TUT and the RcT concurrently, or sequentially when using the sare
MEASURING SITE, using the measuring time as indicated in the instructions for use. Use the RCT according
to its|instructions for use.

c) Perfqrm at least three consecutive measurément procedures, as indicated in the instructions for use, with
the [TUT and at least one temperdture with an RCT for each subject. Wait between individyal
measurements as indicated in the instructions for use. See also 201.101.1. For febrile subjects less than
five years of age, only one measurement may be taken.

NOTE Care should be taken.to-ensure that the actual temperatures of the MEASURING SITES of the TUT and R
remaln stable during a series.of measurements.

9]
-

d) Repgat b) and c) for~each subject in the study. Take care to exclude subjects with medical conditiohs
which might skew(OLINICAL ACCURACY VALIDATION results such as inflammation at the MEASURING SITE apd
subjgcts using medications known to affect body or REFERENCE BODY SITE temperature.

EXANIPLES-. . Antipyretics, barbiturates, thyroid preparations, antipsychotics, recent immunizations.

201.102.2—=Human-subjectpopulationrequirements

The total number of febrile subjects shall be not less than 30 % and not greater than 50 % of all subjects in the
selected age group.

NOTE 1 The first temperature out of three measurements is used in calculation of CLINICAL BIAS and LIMITS OF
AGREEMENT. All three OUTPUT TEMPERATURE measurements are used in calculation of the CLINICAL REPEATABILITY.

NOTE 2 For the purpose of CLINICAL ACCURACY VALIDATION, a febrile subject is defined as a subject having
- an elevated core or rectal temperature of 38,0 °C (100,4 °F) or higher as measured by an RcCT;
- an elevated sublingual temperature of 37,5°C (99,5°F) or higher as measured by an RcCT; or
- an elevated axillary temperature of 37,2 °C (99,0 °F) or higher as measured by an RCT.
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CLINICAL ACCURACY VALIDATION shall be carried out on all age groups indicated in the instructions for use. The
number of subjects in each age group shall be sufficiently large to minimize the effect of random components
of measurement error. The minimum number of subjects in an age group shall be at least 35, at least 15 in
subgroup A1 or A2 if subgroup A is not explicitly excluded in the documentation and the minimum number of
subjects in all age groups shall be not less than 105. The age groups shall be developed with the guidelines of
Table 201.102. Subjects may be PATIENTS.

Table 201.102 — Subject age groups

Age group Adge 9]
A1 0 up to 3 months
A2 3 months up to one year
B older than one and younger than five years
older than five years

01.102.3 * CLINICAL BIAS calculation

der test (TUT) ouTPUT TEMPERATURE out of three and the corresponding RCT OUTPUT TEMPERATURE from
ch subject in a test group. The CLINICAL BIAS for the specifi€d REFERENCE BODY SITE and age| group is
calculated from Equation (2).

2
To evaluate the CLINICAL BIAS for the OPERATING MODE being evaluated,-use the first CLINICAL THERMOMETER
u
e

n

Z(tTUT,i —fRCT,i)

Agp = = )
n
where
i is the index number for-amrindividual subject;
n is the total number of subjects per MEASURING SITE and age group;

ttut treT  are the obsérved OUTPUT TEMPERATURES from the TUT and the RCT.

201.102.4 * LIMITS OF)AGREEMENT calculation
To calculate the LIMITS OF AGREEMENT, L ,, use Equation (3).

Ly=2x0, (3)

wpere

Ay 18 calculated using Equation (4).

To calculate the standard deviation, Opopy USE the first measurement of the CLINICAL THERMOMETER under test
(TUT) OUTPUT TEMPERATURE out of three"measurements and the corresponding RCT OUTPUT TEMPERATURE of
each subject for the OPERATING MODE being evaluated using Equation (4).

n

Z[(tTUT,i ~tReri)— Acb}2

i=1
O-Acb = : n—1 (4)
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where

frut

Acb

is the index number for an individual subject;
is the total number of subjects per MEASURING SITE and age group;

IrcT are temperatures indicated by the TUT and the RCT respectively;

is the CLINICAL BIAS as calculated in Equation (2).

201.102.

* CLINICAL REPEATABILITY calculation

An ADJUYTED MODE CLINICAL THERMOMETER that makes continuous estimates of the REFERENCE BODY SITE

temperat

CLINICAL
groups gi

CLINICAL

populatio
measurer

where

trur,

Then cald

is the total number of subjects of all age groups in a study.

re shall be exempt from the requirements of this subclause.

REPEATABILITY, for a particular OPERATING MODE, is determined for the subject population of all age
ven in Table 201.102 combined. Febrile subjects less than five years of age may®be excluded.

REPEATABILITY is calculated by a pooled standard deviation of triplicate measuréments over the entife
h of subjects. First, calculate the standard deviation, o, of the three OUTPUT TEMPERATURE
hents (t”, 1/ and t3‘/-) for each subject j using Equation (5).

m

2
Z(fTUTi —fTUTj)

i=1 ®)

m—1

is the average of the OUTPUT TEMPERATURES©n subject j; and

is the number of OUTPUT TEMPERATURE measurements on the subject.
NOTE m is typically equal to 3!

ulate a pooled standard deyiation (the CLINICAL REPEATABILITY), o, for all subjects using Equation (6

~

\/012+a§+...+a/2+....+012\,
N

201.103

201.103.

—PROBES, PROBE CABLE EXTENDERS and PROBE COVERS

1 General

All PROBES, PROBE CABLE EXTENDERS and PROBE COVERS shall comply with the requirements of this particular

standard,

whether they are produced by the MANUFACTURER of the CLINICAL THERMOMETER or by another entity

(“third party manufacturer” or healthcare provider) or are REPROCESSED.

MANUFACTURERS of a PROBE, PROBE CABLE EXTENDER and PROBE COVER, including a REPROCESSED PROBE,
PROBE CABLE EXTENDER and PROBE COVER, shall conduct tests to ensure that all CLINICAL THERMOMETER

specificat

ions are met with each MODEL OR TYPE REFERENCE of CLINICAL THERMOMETER with which the PROBE,

PROBE CABLE EXTENDERS or PROBE COVER is intended to be used. The ACCOMPANYING DOCUMENT of PROBES,

16
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PROBE CABLE EXTENDERS and PROBE COVERS, including those that are REPROCESSED, shall list all CLINICAL
THERMOMETERS with which compatibility is claimed.

It is the responsibility of the MANUFACTURER of a PROBE, PROBE CABLE EXTENDER and PROBE COVER, including a
REPROCESSED PROBE, PROBE CABLE EXTENDER and PROBE COVER, to have their PROCESSES VALIDATED to ensure
that any new or REPROCESSED product complies with the requirements of this particular standard.

Compliance is checked by the tests of this particular standard.

201.103.2 Labeling

The MODEL OR TYPE REFERENCE of at least one CLINICAL THERMOMETER shall be included in the AGEOMPANYING
DOCUMENT provided with each PROBE, PROBE CABLE EXTENDER and PROBE COVER, compliant with 201.103.1.

Statements shall be included in the ACCOMPANYING DOCUMENT of each PROBE, PROBE GABLE EXTENDER and
PROBE COVER to the effect that

a) they are designed for use with specific thermometer or monitoring equipment;

b) the OPERATOR is responsible for checking the compatibility of the thepmometer or monitoring efluipment,
probe, probe cable extender and probe cover before use, and

c) incompatible components can result in degraded performance,
Agditional information is found in 201.103.1.

Cpmpliance is checked by inspection of the ACCOMPANYING\DOCUMENT.
202 Medical electrical equipment — Part 1-2: General requirements for basic sjafety

and essential performance — Collateral’standard: Electromagnetic compatibility —
Rlequirements and tests

IHC 60601-1-2:2007 applies except.as follows:

202.6.2.1.10 Compliance‘criteria
IBC 60601-1-2:2007, 6.2.1.10, is replaced by:

Uhder the IMMUNITY-TEST LEVELS specified in IEC 60601-1-2:2007, 6.2, CLINICAL THERMOMETERS shall provide
BASIC SAFETY and'ESSENTIAL PERFORMANCE.

NOTE 1 A-CKINICAL THERMOMETER is not considered a LIFE-SUPPORTING ME EQUIPMENT OR ME SYSTEM.

The following conditions associated with BASIC SAFETY and ESSENTIAL PERFORMANCE shall apply:

a no permanent dpgmda’rinn or loss of function which is not recoverable due to damagp of ME HQUIPMENT
(components) or software, or loss of data shall be observed at any IMMUNITY TEST LEVEL;

b) no change of OPERATING MODE;

C) LABORATORY ACCURACY at any point in the RATED OUTPUT RANGE and in the RATED EXTENDED OUTPUT RANGE
as indicated in 201.101.2 or generation of either a TECHNICAL ALARM CONDITION or an indication of
abnormal operation.

For testing according IEC 60601-1-2:2007, 6.2.3, 6.2.6 and 6.2.8, the ME EQUIPMENT shall maintain

LABORATORY ACCURACY at any point in the RATED OUTPUT RANGE and in the RATED EXTENDED OUTPUT RANGE as
indicated in 201.101.2.
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For testing according to IEC 60601-1-2:2007, 6.2.2, 6.2.4, 6.2.5 and 6.2.7, temporary degradation or loss of
function or performance which does not require OPERATOR intervention is acceptable.

In the event of disruption during immunity tests, the CLINICAL THERMOMETER shall recover from any disruption
within 30 s.

In addition to these requirements, CLINICAL THERMOMETERS intended for use during PATIENT transport outside
the healthcare facility shall comply with IEC 60601-1-2:2007, 6.2.3.1 a) at the IMMUNITY TEST LEVEL of 20 V/m
(80 % amplitude-modulated at 1 000 Hz) over the range of 80 MHz to 2,5 GHz (additional information is found
in IEC 60601-1-2:2007, Table 9).

Compliance is checked by application of the tests in IEC 60601-1-2:2007, 6.2. Evaluate the response of t,Le
CLINICAL THERMOMETER during and after these tests in accordance with the above.

Annexes

IEC 6060[1-1:2005, Annexes apply, except as follows:

18 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=8e80146ad213cf313a47a873bd3de8e8

ISO 80601-2-56:2009(E)

Annex C
(informative)

Guide to marking and labelling requirements for ME EQUIPMENT
and ME SYSTEMS

Annex C of the general standard applies, except as follows:

201.C.1.101 Marking on the outside of a CLINICAL THERMOMETER or its parts

Afditional requirements for marking on the outside of a CLINICAL THERMOMETER or its parts gre found
inf Table 201.C.101.
Table 201.C.101 — Marking on the outside of a CLINICAL THERMOMETER or its parts
Description of marking Subclayse
Intended MEASURING SITE 201.7.2.101 b)
Limited environmental operation range, if applicable 201.4.1p1
201.12.1J101
On the packaging, any special storage and/or handing instructions 201.7.2.1.101 1)
On the packaging, appropriate sterility symbol, if applicable 201.7.2.1.101 c)
On the packaging, expiration date, if applicable 201.7.2.1.101 d)
On the packaging, for single use only, if applicable 201.7.2.1.101 e)
On the packaging, MEASURING SITE and'REFERENCE BODY SITE 201.7.2.1.101 a)
On the packaging, mode of operation of CLINICAL THERMOMETER and contents of package 201.7.2.1.101 b)
Symbol “°C” or “°F”, as appropriate 201.7.2.11)1 a)
That a new PROBE COVER shall be used prior to the next measurement, if applicable 201 .7.2.1&)1 c)
201.C.4 ACCOMPANYING DOCUMENTS, general
Apdition;

201.C4 101 ATCTOMPANYING DOCUMENTS, general, of @ CLINICAL THERMOMETER

Additional requirements for ACCOMPANYING DOCUMENTS, general, of a CLINICAL THERMOMETER are
found in Table 201.C.102.
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Table 201.C.102 — ACCOMPANYING DOCUMENTS, general, of a CLINICAL THERMOMETER

Description of marking Subclause
Correction method to derive the unadjusted temperature from the OUTPUT TEMPERATURE 201.7.9.101
measured in the ADJUSTED MODE, if applicable
Correction method to derive the unadjusted temperature from the OUTPUT TEMPERATURE, if 201.101.1
applicable
For a PROBE, PROBE CABLE EXTENDER and PROBE COVER, all CLINICAL THERMOMETERS with which 201.103.1
compatibility is claimed
For a FROBE, PROBE CABLE EXTENDER and PROBE COVER, statements to the effect that: they are 201.103.2 a)
designgd for use with specific thermometer or monitoring equipment
For a PROBE, PROBE CABLE EXTENDER and PROBE COVER, statements to the effect that: the 201.103:2b)
OPERATOR is responsible for checking the compatibility of the thermometer or monitoring
equipment, probe, probe cable extender and probe cover before use
For a|PROBE, PROBE CABLE EXTENDER and PROBE COVER, statements to the effect that: 201.103.2 ¢)
incompatible components can result in degraded performance
For a PROBE, PROBE CABLE EXTENDER and PROBE COVER, the MODEL OR TYPE REFERENCE_oftat 201.103.2
least ohe CLINICAL THERMOMETER
For an|ADJUSTED MODE CLINICAL THERMOMETER, the results of the CLINICAL ACCURACY VALIDATION 201.102.1
Name fnd address of the MANUFACTURER or authorized representative 201.7.91
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201.C.5 ACCOMPANYING DOCUMENTS, instructions for use

Addition:

201.C.5.101 ACCOMPANYING DOCUMENTS, instructions for use of a CLINICAL THERMOMETER
Additional requirements for ACCOMPANYING DOCUMENTS, instructions for use of a CLINICAL

THERMOMETER are found in Table 201.C.103.

Table 201.C.103 — ACCOMPANYING DOCUMENTS, instructions for use of a CLINICAL THERMOMHTER

Description of marking

Subclause

All necessary information, as regards toxicity and/or action on tissues

201.7.9.2.14.101

An explanation of the meaning of the IP classification

201.7.9.2.1p11)

Characteristics and technical factors known to the MANUFACTURER that could pose a RiSK:if a
single use CLINICAL THERMOMETER or its parts would be re-used

201.7.9.2.1p1j)

Consequences of operation outside of the limited environmental operation) range, if 201.4.101
applicable

Date of issue or the revision of the instructions for use 201.7.9.2.101 k)
Details of the nature and frequency of any maintenance and/or calibration needed to ensure| 201.7.9.2.101 h)
that the CLINICAL THERMOMETER operates properly and safely

For a continuous CLINICAL THERMOMETER, the transient responsé 201.101§3
Information about the behaviour of the CLINICAL THERMOMETER when used without the PROBE| 201.7.9.2.101 e) 2)

COVER, if applicable

Information concerning the disposal of the CLINICALCPHERMOMETER and its components

201.7.9.2.1p11)

Instructions for application of a PROBE COVER, jfapplicable

201.7.9.2.10

e) 1)

Instructions for selection and replacementof the INTERNAL ELECTRICAL POWER SOURCE

201.7.9.2.191 g)

LABORATORY ACCURACY in the RATED OUTPUT RANGE

201.7.9.2.191 d)

LABORATORY ACCURACY in the RATED EXTENDED OUTPUT RANGE, if applicable

201.7.9.2.401 d)

MEASURING SITE and REFERENCE'BODY SITE

201.7.9.2.101 a)

RATED OUTPUT RANGE foreach intended REFERENCE BODY SITE

201.7.9.2.101 ¢)

Recommended minimdm measuring time and minimum time between measurements, if| 201.7.9.2.101 b)
applicable
RESIDUAL RISkS associated with changing environmental conditions 201.4.2.1p1

Whether\the CLINICAL THERMOMETER iS a DIRECT MODE Or an ADJUSTED MODE CLINICAL
THERMOMETER

201.7.9.2.1p1f)

© 1SO 2009 - All rights reserved
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IEC 60601-1:2005, Annex D applies, except as follows:

Annex D
(informative)

Symbols on Marking

Addition:
Table D.2.101 — Additional symbols on marking
No Symbol Reference Title
ISO 7000-1051
1 (Symbol 5:2 Do not re-use
ISO 15223-1:2007)
ISO 7000-2607
2 (Symbol 5:12 Use by date
ISO 15223-1:2007)
(YYYY-MM)
ISO 7000-2499
3 STERILE (Symbol 5:20 Sterile
1ISO 15223-1:2007)
ISO 7000-2500 Sterilized usi ’
erilized using aseptic
4 FTEHILE A (Symbol 5.21 processing techniques
ISO 15223-1:2007)
ISO 7000-2501
5 E Sterilized using ethylene
= (Symbol 5.22 oxide
ISO 15223:2007)
ISO 7000-2502
6 FTEFHLE R (Symbol 5.23 Sterilized using irradiation
ISO 15223-1:2007)
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No Symbol Reference Title
| ISO 7000-2503 Sterilized usi ¢ q
erilized using steam or dry
7 }STEFIILE L (Symbol 5:24 heat
ISO 15223-1:2007)
ISO 7000-2608
8 (Symbol 5:25 Do not resterilize
ISO 15223-1:2007)
ISO 7000-2606
9 Do not use if packagsq is
(Symbol 5:27 damaged
ISO 15223-1:2007)

© 1SO 2009 - All rights reserved
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Annex AA
(informative)

Particular Guidance and rationale

AAA1 General guidance

This Ann¢x provides a rationale for some requirements of ISO 80601-2-56, and is intended for those who’afe
familiar With the subject of I1SO 80601-2-56 but who have not participated in its development.
understanding of the rationale underlying these requirements is considered to be essential for their, proper
application. Furthermore, as clinical practice and technology change, it is believed that a rationale Will facilitgte
any revision of this part of ISO 80601-2-56 necessitated by those developments.

The numpering of the following rationale corresponds to the numbering of the clauses.and subclauses [in
ISO 8060Q/1-2-56. The numbering is, therefore, not consecutive.

AA.201.1 Scope, object and related standards

This partjcular standard addresses a range of MEDICAL ELECTRICAL EQUIPMENT (ME EQUIPMENT) generally
known ag| CLINICAL THERMOMETERS. This ME EQUIPMENT has been widely used to measure PATIENT temperatufe
during m@nitoring and treatment of disease. Examples of applications jindclude detection of fever, determinatipn
of the timg of ovulation, monitoring of a physiological response to various medications and procedures, effeqts
of exercige and physical work, and evaluation of mental state.

CLINICAL |[THERMOMETERS are designed and fabricated .as-~ PORTABLE, transit-operable, or HAND-HELD
ME EQUIPMENT for home healthcare and clinical use, orl\as parts of the STATIONARY ME EQUIPMENT. The
requiremeénts and test procedures of this standard have been developed with the intent to make th
applicabl¢ to a broad range of present and future CLINICAL THERMOMETER technologies, while assuring t
every CLINICAL THERMOMETER that conforms to this-standard provides an acceptable degree of diagnostic
value and acceptable RISK. There are several ‘RiSKS associated with use of this type of ME EQUIPMENT.
obvious RISK is a misdiagnosis - for example;afalse negative or false positive detection of a fever which leagls

THERMOMETER or its components. RISKI'CONTROL is the main purpose of this standard which describes t
requirements and procedures that assure acceptable levels of CLINICAL ACCURACY and functionality, whi
should bg maintained over the EXPECTED SERVICE LIFE of the CLINICAL THERMOMETER.

©
-0

AA.201.3.201 ADJUSTED MODE

The OUTPUT TEMPERATURE indicated by a CLINICAL THERMOMETER is not necessarily the same as the
temperatire of the SENSOR that is thermally coupled to the MEASURING SITE. In the DIRECT MODE the OUTPUT
TEMPERATURE indicated by a CLINICAL THERMOMETER is the same as the temperature of the SENSOR that|is
thermally| coupled=to the MEASURING SITE. Often, DIRECT MODES are inconvenient. For example, the time
response|foran{accurate measurement might be too slow or it might be impossible to place the SENSOR close
to the degired body site.

For some CLINICAL THERMOMETERS, the OUTPUT TEMPERATURE can be the result of a signal adjustment or
conversionl3l and so the mode of operation is called the ADJUSTED MODE. For example, an infrared PROBE can
be placed in an ear canal but the digital display (OUTPUT TEMPERATURE) indicates an estimated sublingual
temperature of the PATIENT. ADJUSTED MODE CLINICAL THERMOMETERS compensate for limitations of DIRECT
MODE CLINICAL THERMOMETERS by using signal processing algorithms to estimate temperature from measured
values, though there is often a corresponding reduction in CLINICAL ACCURACY. This particular standard
requires both clinical VALIDATION and laboratory VERIFICATION for all types of ADJUSTED MODES.

Examples of two common types of ADJUSTED MODES follow.
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The first type is the case of a predictive intermittent CLINICAL THERMOMETER that displays an OUTPUT
TEMPERATURE before reaching thermal equilibrium, so the displayed OuUTPUT TEMPERATURE is an estimate of
the “would-be” equilibrium temperature by computation, therefore generally reducing the measurement time.
An example of this type is a contact skin CLINICAL THERMOMETER such as a zero-heat flow CLINICAL
THERMOMETER. This type of ADJUSTED MODE is used to reduce the measurement time, e.g. from minutes to
several seconds. It takes about 5 min for a sublingual CLINICAL THERMOMETER, and about 10 min for an axillary
(under the armpit) CLINICAL THERMOMETER to achieve thermal equilibrium, while a predictive intermittent
CLINICAL THERMOMETER can produce an OUTPUT TEMPERATURE in less than 20 s.

For a predictive intermittent CLINICAL THERMOMETER, the rate of change of the SENSOR's output is measured
anmd—usedto predict (@nticipate) the fimatequitibriom temperature which 7S mever reached during_the time of
mieasurement.[39 Figure AA.101 illustrates this situation. After the SENSOR is thermally coupled to the
MEASURING SITE (time #4), the SENSOR’s temperature gradually rises from temperature T,. Before| reaching
thermal equilibrium T, (time #3), the CLINICAL THERMOMETER predicts the equilibrium temperature of tHe SENSOR
(temperature Ty at time #,). The time to achieve thermal equilibrium depends on various factors, incliding: the
MEASURING SITE, the CLINICAL THERMOMETER design and the ambient temperature. To Calculate an equilibrium
temperature before establishing thermal equilibrium, several data points of the time-dependent temperature
change of the SENSOR are taken to calculate or estimate the OUTPUT TEMPERATURE.

Key
T} is the ambienttemperature

T4, is the MEASURING SITE temperature

Tk is the RERERENCE BODY SITE temperature

t4| is thestime of thermal coupling

to| is‘the time when the temperature at the MEASURING SITE is estimated
t3]_is’the time when achieving thermal equilibrium could have been reached

q

NOTE The MEASURING SITE is the same as the REFERENCE BODY SITE.

Figure AA.101 — Example of temperature adjustment for a predictive intermittent
CLINICAL THERMOMETER

The second type is a CLINICAL THERMOMETER where the OUTPUT TEMPERATURE is not referenced to the actual
MEASURING SITE (i.e., the REFERENCE BODY SITE is different than the MEASURING SITE). An example of this type of
CLINICAL THERMOMETER is a constant-heat flow CLINICAL THERMOMETER such as a sublingual equilibrium
CLINICAL THERMOMETER or a radiance ear canal CLINICAL THERMOMETER that estimates the temperature at a
different body site by calculation. This type of ADJUSTED MODE performs a positional dependent adjustment or
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physiological offset with the aim of providing for convenient temperature measurement of a desired body site
that is different from the MEASURING SITE.

A body site adjustment uses either a constant offset or a more complex algorithm to modify the MEASURING
SITE temperature to account for the natural anatomical, physiological and environmental factors to give an
estimate of the REFERENCE BODY SITE temperature. For example, a sublingual temperature (underneath the
tongue is the MEASURING SITE) can be used to estimate the rectal temperature (the rectum is the REFERENCE
BODY SITE) by subtracting a fixed offset. Figure AA.102 illustrates this situation. After the SENSOR is thermally
coupled to the MEASURING SITE (time ¢4 is when it is placed under the tongue) the SENSOR’'S temperature
gradually rises until it reaches thermal eqU|I|br|um W|th the MEASURING SITE (t|me f and SENSOR temperature
7). P

tenr]nperat re at the MEASURING SITE, T, using the algonthm of the CLINICAL THERMOMETER which produces an
adjustment, 1.

Key
1 tempegrature adjustment or the offset between the MEASURING SITE temperature and the estimate of tie
REFERENCE BODY SITE temperature

is thelambient temperature

is the|MEASURING SITE-t€émperature

is the|REFERENCE BODBY SITE temperature

is the|time of thermal coupling

to s theltime when the temperature at the MEASURING SITE is measured

Ta
Tm
Tr
1

NOTE The MEASURING SITE is different than the REFERENCE BODY SITE.

Figure AA.102 — Example of temperature estimation for a different body site

AA.201.3.206 CLINICAL THERMOMETER

Any CLINICAL THERMOMETER (see Figure AA.103) contains at least two essential components: a SENSOR (for
example a thermistor or a thermopile) and an output means (for example a digital display, speaker or printer).
A SENSOR is usually incorporated inside or positioned near the PROBE. The PROBE can be attached directly to
the enclosure of a CLINICAL THERMOMETER or connected to it by a cable. To measure temperatures, the PROBE
is placed so that the SENSOR is thermally coupled to the MEASURING SITE. The SENSOR converts thermal energy
into an electrical signal from which an output representation of the temperature is derived. Other auxiliary
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components and a signal processing circuit can also be included. The auxiliary components and processing
circuit can include the ambient temperature SENSOR, optical components, microcontroller, power supply and
other components. A microcontroller uses software that processes the signals that are received from the
SENSOR according to an algorithm that displays OUTPUT TEMPERATURE in the appropriate format.

2
3 > 5 > 6
i
4
Key
1| MEASURING SITE
2| thermal coupling (contact or non-contact)
3| SENSOR
4| auxiliary components
5| processing circuit
6| output means that indicates OUTPUT TEMPERATURE

Figure AA.103 — General structure of a CLINICAL THERMOMETER

AA.201.3.207 DIRECT MODE

A|DIRECT MODE CLINICAL THERMOMETER (or the TEST MODE of an ADJUSTED MODE CLINICAL THERMOMETER) is a
CLINICAL THERMOMETER whose OUTPUT TEMPERATURE is intended to represent the true temperatyre of the
EASURING SITE or object which is thermally coupled to the SENSOR. In other words, the actual temperature
tected by the SENSOR is displayed as the OUTPUT TEMPERATURE; whatever is measured is indichted. The
operation of a ,zero-heat flow CLINICAL THERMOMETER, which is also called an equilibrium| CLINICAL
THERMOMETER, relies on a thermal equilibrium between the SENSOR and the MEASURING SITE. This means that
re is negligible heat flow between the MEASURING SITE and the SENSOR. In other words, the SENSOR and the
MEASURING\SITE are in thermal equilibrium or have nearly the same temperature (see Figurd AA.104).
Examples.of an equilibrium CLINICAL THERMOMETER include a sublingual “pencil” CLINICAL THERMOMETER and a
pulmenary artery CLINICAL THERMOMETER. An equilibrium CLINICAL THERMOMETER can take a significant period
ofl time to reach thermal equilibrium and display its OUTPUT TEMPERATURE. For example, it takes apprioximately
5 min, for a "pencil” sublingual CLINICAL THERMOMETER, and abou min for an axillary (under the armpit)
CLINICAL THERMOMETER to achieve thermal equilibrium.

A REFERENCE THERMOMETER that is employed in a laboratory for measuring the temperature of a REFERENCE
TEMPERATURE SOURCE (for example, a water bath) for determining the laboratory performance of a CLINICAL
THERMOMETER is also a DIRECT MODE equilibrium type. However, it is not a CLINICAL THERMOMETER and is not
intended for use on PATIENTS.
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Key

T, is thelambient temperature

T,, is the|[MEASURING SITE temperature

lg

le

is the[time of thermal coupling
is the[time of achieving thermal equilibrium

Figure AA.104 — Thermal response of a zero-heat flow CLINICAL THERMOMETER

AA.201.3.219 REFERENCE BODY SITE

A CLINICA] THERMOMETER measures and indicates temperatures of a specific organ or area of a PATIENT's bofly
called a ‘ody site”. The site where the tempeérature is actually measured (MEASURING SITE) and the site for
which the temperature is indicated (REFERENCE BODY SITE) are not necessarily the same. For example,|a
measurement can be made sublingtally, while the OuTPUT TEMPERATURE indicates a temperature that
corresponds to the rectum. Thus, two-types of “body sites” should be considered.

— The MEASURING SITE is a place on or inside the body of the PATIENT where the PROBE is positioned and [to
which the SENSOR is thermially coupled.

— The REFERENCE BODY SITE is the part of the body of the PATIENT whose temperature is directly measurgd
or cajculated and(indicated by the output means of a CLINICAL THERMOMETER.

Many paits of @’ PATIENT can be the subject of temperature measurement for the purpose of diagnosing a
monitoring - These purposes can include detection of fever, detection of life-threatening situations (
malignani-s e ) . Atation: toring of o ohui ;
response to various medications and procedures, effects of exercise and physical work, a mental state and
many other applications. Temperatures can be measured from internal organs or from the skin surface. Either
location can provide valuable information about blood perfusion and transcutaneous temperatures, such as
those of the underlying arteries and veins.

For the purpose of detecting fever, body temperatures have been historically measured by contact CLINICAL
THERMOMETERS in the sublingual, rectal, or axillary (under the armpit) MEASURING SITES which were the same
as the REFERENCE BODY SITES. However, most externally accessible MEASURING SITES have not represented the
body core temperature with a specific quantitative relationship. Thus, during surgical procedures and intensive
care, temperatures often are measured by invasive PROBES in recognized core temperature MEASURING SITES
(e.g. pulmonary artery, distal oesophagus and urinary bladder). These PROBES are normally combined with
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invasive devices, for example a Foley catheter. Although this particular standard does not deny the use of new
REFERENCE BODY SITES, new REFERENCE BODY SITES should be scientifically and clinically evaluated for a
particular medical purpose. For ADJUSTED MODE CLINICAL THERMOMETERS, this particular standard does require
clinical VALIDATION with an existing REFERENCE CLINICAL THERMOMETER. This requirement means that the
OUTPUT TEMPERATURE of a new CLINICAL THERMOMETER has to reference a REFERENCE BODY SITE utilized by an
existing VALIDATED CLINICAL THERMOMETER.

AA.201.4.3.101 Additional requirements for ESSENTIAL PERFORMANCE

CLINICAL THERMOMETERS span the range from invasive ME EQUIPMENT with sophisticated ALARM SYSTEMS that
1 DUIPMENT.
Eyery CLINICAL THERMOMETER measures or estimates the temperature of a REFERENCE BODY~SVE for the
puirpose of diagnosing or monitoring. These purposes can be the detection of fever, determination of the

ment of ovulation, monitoring of the physiological response to medication and procedurges, detect|on of life-
thireatening situations (e.g. malignant hyperthermia, sepsis) and many other applications.

This standard considers it an unacceptable RISK for a CLINICAL THERMOMETER\ 10 present am OUTPUT
TEMPERATURE that is not accurate without indicating that it is not accurate. Methods-of indicating this [degraded
performance include generating a TECHNICAL ALARM CONDITION or not providing an OUTPUT TEMRERATURE.
Additionally, to allow for affordable home healthcare CLINICAL THERMOMETERS, this standard pgrmits the
permissible operating temperature range to be marked on the CLINICAL THERMOMETER.

AA.201.12.2.101 Additional requirements for USABILITY
C

| INICAL THERMOMETERS that are intended for home healthcare ‘use (e.g., the PATIENT can be the JQPERATOR)
ne¢ed to be readable by OPERATORS that have impaired vision. Additionally, CLINICAL THERMOMETERS that utilize
a[segmented display need an effective functional test thatensures that all segments are functioping. This
emsures that the OPERATOR can distinguish between numbers such as 4 and 9, 5and 6, or 1 and 7.

AA.201.17 Electromagnetic compatibility of ME\EQUIPMENT and ME SYSTEMS

The radiated immunity environment during PATIENT transport outside the healthcare facility (e.g. land and air
ambulances) is harsher than the typical environment in a healthcare facility. The main cause of this difference
is|the presence of multiple two-way radio communication systems that intentionally radiate electrgmagnetic
emergy. In both of these environmeénts, ME EQUIPMENT meeting the requirements of IEC 60601-142:2007 is
adlequately protected from unintentional sources of electromagnetic interference. The additionpl testing
n¢eded to qualify ME EQUIPMENT-for the transport environment outside the healthcare facility needs tp address
only this additional threat.

Tyo-way communication_devices are used to transmit both voice and PATIENT data. Experience hps shown
t typical field strengths[22] measured in this environment can be as high as 20 V/m. Voice and PATIENT data
ically have modulation bandwidths that exceed 1 kHz with a centre-point of voice modulation of 1|lkHz. The
committee chose a single test point to represent the typical information modulation band. A signal with an
% amplitude-modulation at 1 kHz was chosen, and is consistent with the base radiated immunity| standard
IHC 6100024-3 [53] that also uses 80 % amplitude-modulated signal at 1 kHz. A 20 V,,¢/m 80 % gmplitude-
dulated signal has a peak-to-peak amplitude of 90,5 V.

AA201.101.1 General test requirements

An ultimate goal of a CLINICAL THERMOMETER is to assess the true temperature of a REFERENCE BODY SITE.
Thus, CLINICAL ACCURACY of such a CLINICAL THERMOMETER can only be assessed by comparing its OUTPUT
TEMPERATURE with that of another thermometer (REFERENCE THERMOMETER) when temperatures are taken
concurrently from the same object or the same subject. The methods of assessment are not the same for
DIRECT MODE and ADJUSTED MODE CLINICAL THERMOMETERS. They also can be different for CLINICAL
THERMOMETERS with invasive and non-invasive PROBES.

For all CLINICAL THERMOMETERS whose PROBES have negligible thermal contact with the environment

(zero-heat flow thermometers) and whose OUTPUT TEMPERATURES are not adjusted, a laboratory assessment
of performance is sufficient. This is done by performing temperature measurements with the CLINICAL
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THERMOMETER by employing a REFERENCE TEMPERATURE SOURCE and comparing the OUTPUT TEMPERATURE of
the CLINICAL THERMOMETER with the temperature of the REFERENCE TEMPERATURE SOURCE. This laboratory
assessment is described in Clause 201.101.

For all other CLINICAL THERMOMETERS (ADJUSTED MODE), additional clinical VALIDATION with subjects is required,
because the measured temperature is modified to indicate the ouTPUT TEMPERATURE. The modification is a
function of the physiological and anatomical properties of an average subject as well as of the environmental
conditions. Thus, to assess the effectiveness of such a CLINICAL THERMOMETER it is compared with another
CLINICAL THERMOMETER whose CLINICAL ACCURACY has already been established (i.e. a REFERENCE CLINICAL
THERMOMETER). The CLINICAL ACCURACY VALIDATION is described in Clause 201.102.

Table AAJ101 summarizes the types of required testing for certain CLINICAL THERMOMETERS.
For somg CLINICAL THERMOMETERS, the ACCOMPANYING DOCUMENT indicates the use of a new PROBE COVER for
every neyv measurement. The purpose of the PROBE COVER is to minimize the RISK of cross-contaminatipn
between PATIENTS and to prevent soiling of the components of the CLINICAL THERMOMETER (e.g.| by dust, fecgs
or ear wax adhering to the PROBE). Additionally, improper application of the PROBE COVER to the CLINICAL
THERMOMETER critically affects the measurement result and care should be taken to prgperly mount or apgly
the PROBE COVERS to CLINICAL THERMOMETERS according the procedure indicated\in the ACCOMPANYING
DOCUMENT.
Table AA.101 — Required tests for CLINICAL THERMOMETERS
LABORATORY ACCURACY CLINICAL ACCURACY
verification validation
Type of RATED
CLINICAL THERMOMETER RATED EXTENDED CLINICAL LIMITS OF CLINICAL
OUTPUT
OUTPUT BIAS AGREEMENT | REPEATABILIT
RANGE a
RANGE
Intermittent or continuous CLINICAL
THERMOMHTER in DIRECT MODE: for example,
a thermorpeter with invasive catheter
PROBE; orfa “pencil” contact thermometer VA v no no no
for which the MEASURING SITE and
REFERENCE BODY SITE is the same, e.g.
sublingua|, rectal, axillary (under armpit).
Intermittent CLINICAL THERMOMETER in
ADJUSTED MODE: for example, a “pencil®
predictive|thermometer for which the
MEASURING SITE and REFERENCEBODY SITE is
not the sgme e.g. sublingual,‘rectal, axillary v v v v v
(under arinpit); an infrared thermometer for
which theﬁAEASURING SITEGS skin or the ear
canal (tynppanic membrane); or a contact
thermomgter for which' the MEASURING SITE
is skin with a different REFERENCE BODY SITE.
ContinuoystetiNICAL THERMOMETER in
ADJUSTED MODETTOT exdlmipie, a contact v v v v no
thermometer for which the MEASURING SITE
and REFERENCE BODY SITE are different.
a Ifany.

The disposable PROBE COVERS for some radiance (infrared) ear CLINICAL THERMOMETERS (IRETs) are made
from a polymeric material. The PROBE COVER acts as a relatively strong filter in the mid infrared spectral range.
Consistent thermal and optical characteristics of these disposable PROBE COVERS influence the overall
accuracy of an IRET.[44l Disposable PROBE COVERS for CLINICAL THERMOMETERS utilizing predictive algorithms
can also affect performance. Minor variations in thickness or thermal coefficient influence the accuracy of
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these CLINICAL THERMOMETERS. The variability of the performance of PROBE COVERS influences the overall
uncertainty and has to be considered carefully. These can be important considerations for any CLINICAL

THERMOMETERS.

AA.201.101.2

LABORATORY ACCURACY

The environmental conditions of ambient temperature and relative humidity can affect the performance of a
CLINICAL THERMOMETER. Within the RATED range of such conditions, the CLINICAL THERMOMETER is required to
meet the requirements while being tested in a laboratory. Table AA.102 provides suggested combinations of
REFERENCE TEMPERATURE SOURCE temperature, operating temperature and relative humidity at which the

CI[INTCAL THERMOMETER IS tested.

Cpntinuous CLINICAL THERMOMETERS are intended to monitor temperatures over time. They do.not ¢perate in
the ADJUSTED MODE and they are well coupled to the MEASURING SITE. They have a CLINICAL ACCURACY that is

equivalent to their LABORATORY ACCURACY. As a result, such CLINICAL THERMOMETERS aré-permitted
layger LABORATORY ACCURACY specification.

the LABORATORY ACCURACY

to have a

Thble AA.102 — Example combinations of operating conditions and REFERENCE temperature fqr testing

REFERENCE temperature

Upper limit of RATED OUTPUT RANGE
-0,5°C
+05°C

Midpoint of RATED OUTPUT RANGE
+1°C

Lower limit of RATED OUTPUJr RANGE
+0,5°C
+0.5°C

Operating conditions

Upper limit of RATED ambient
temperature range -0,5 °C
+0.5°C

Upper limit of RATED humidity range
5%£t5%

Upper limit of RATED ambient
temperature‘range -0,5 °C
+0.5°C

Upper limit'of RATED humidity range
5%£t5%

Upper limit of RATED ampient
temperature range -0,% °C
+0.5°C

Upper limit of RATED humidify range
5% 5%

Upper limit of RATED ambient
temperature range -0,5 °C
+0.5°C

Lower limit of RATED humidity range
+5%+5%

Upper limit of RATED ambient
temperature range -0,5 °C
+0.5°C

Lower limit of RATED humidity range
+5%+5%

Upper limit of RATED ampient
temperature range -0,% °C
+0.5°C

Lower limit of RATED humidify range
5% 5%

=

idpoint of RATED ambienttemperature
range +5/°C

Midpoint of RATED. ambient humidity
range\t 20 %

Midpoint of RATED ambient temperature
range +5°C

Midpoint of RATED ambient humidity
range +20 %

Midpoint of RATED ambient temperature
range +5°C

Midpoint of RATED ambient
range +20 %

humidity

Lower limit'of RATED ambient
temperature range +0,5 °C
+0.5°C

Upper limit of RATED humidity range

5.9/ L E O
70 = O~ 70

Lower limit of RATED ambient
temperature range +0,5 °C
+0.5°C

Upper limit of RATED humidity range

5.9/ L E O
70 = O~ 70

Lower limit of RATED ampient
temperature range +0,% °C
+0.5°C

Upper limit of RATED humidify range

5 9/ L E O
/0 = O 70

Lower limit of RATED ambient
temperature range +0,5 °C
+0.5°C

Lower limit of RATED humidity range
+5%+5%

Lower limit of RATED ambient
temperature range +0,5 °C
+0.5°C

Lower limit of RATED humidity range
+5%+5%

Lower limit of RATED ambient
temperature range +0,5 °C
+0.5°C

Lower limit of RATED humidity range
5% £5%

© 1SO 2009 - All rights reserved

31


https://standardsiso.com/api/?name=8e80146ad213cf313a47a873bd3de8e8

ISO 80601-2-56:2009(E)

a)

The REFERENCE TEMPERATURE SOURCE is used to check the LABORATORY ACCURACY of the CLINICAL
THERMOMETER. The largest permitted LABORATORY ACCURACY is 0,2 °C or 0,3 °C for a continuous CLINICAL
THERMOMETERS that does not operate in the ADJUSTED MODE. In VERIFICATION, the expanded uncertainty of the
measurement is usually considered to be small enough if it does not exceed 1/3 of the LABORATORY
ACCURACY.[48] In the case of CLINICAL THERMOMETERS, this requires an uncertainty of the REFERENCE
TEMPERATURE SOURCE at a coverage factor £ = 2 of 0,2 °C/3 = 0,07 °C.

AA.201.1

01.3 Time response for a continuous CLINICAL THERMOMETER

The abilit
its respo
continuoy
or anothgq

transferring a PROBE from one REFERENCE TEMPERATURE SOURCE to another REFERENCE TEMPERATURE SOURCE

that has
TEMPERAT
THERMOM

Previous
THERMOM
ACCURAC
relative t(
CLINICAL H

AA.201.1

While lah
ADJUSTED
physiolog
any know
an ADJUY
(PATIENTS
TEMPERAT
REFEREN(
SITE as th

The RCT
they both
forehead
THERMOM
BODY SITH
previousl|
either thq
measure
CLINICAL A

y of a continuous CLINICAL THERMOMETER to track changing PATIENT temperature can be assessed by
hse to a rapid change in the REFERENCE TEMPERATURE SOURCE. Depending on the type of|a
S PROBE, the REFERENCE TEMPERATURE SOURCE can be a FLUID BATH (water bath, e.g.), a BLACKBOLY,
r type of heat source, for example, a thermally controlled plate. The test is performed by quicKly

a different temperature. The faster the OUTPUT TEMPERATURE approaches\the REFERENCE
URE SOURCE temperature, the better the temperature tracking ability of ajcentinuous CLINICAL
ETER.

standards for CLINICAL THERMOMETERS required a transient response’test for intermittent CLINICAL
ETERS. These tests do not appear in this particular standard because ADJUSTED MODE CLINICAL
tests will uncover problems with response time. If the CLINICAL THERMOMETER is slow to respond
the time disclosed in the instructions for use, that source of €rror would appear in the resulti:l:g
IAS with associated LIMITS OF AGREEMENT and/or CLINICAL REPEATABILITY.

02 CLINICAL ACCURACY VALIDATION

oratory testing is sufficient for a DIRECT MODE GLINICAL THERMOMETER, it is not enough for &n
MODE CLINICAL THERMOMETER because adjustment algorithms are specific for the anatomical axd
cal properties of PATIENTS and the environment. These properties cannot be closely simulated by
n laboratory REFERENCE TEMPERATURE SOURCE, setting or instrument. Thus, the CLINICAL ACCURACY [of
TED MODE CLINICAL THERMOMETER is required to be additionally VALIDATED with actual subjeqts
). Since all subjects are different, (statistical methods are employed to compare the ouTPUT
URES of the CLINICAL THERMOMETER under test (TUT) for the REFERENCE BODY SITE with those of|a
E CLINICAL THERMOMETER (RCT) whose OUTPUT TEMPERATURES represent the same REFERENCE BODY
e TUT.

PROBE might not necessarily be placed at the same MEASURING SITE as the TUT PROBE. Moreovér,
can indicate temperatures of a third site, the REFERENCE BODY SITE. For example, the TUT is|a
skin CLINICAL THERMOMETER (the TUT MEASURING SITE is forehead skin), the RCT is an oral CLINICAL
ETER (the RCT MEASURING SITE is sublingual) and they both output core temperatures (REFERENGE
is core). Th€.RCT CLINICAL ACCURACY in representing the REFERENCE BODY SITE temperature was
VALIDATEDY It'has an acceptable value of CLINICAL BIAS that carries an acceptable diagnostic RISK{ If
TUT onr\the RCT uses disposable PROBE COVERS, a hew PROBE COVER is used for each ngw
hent. This permits the test to include the PROBE COVER tolerances in the VERIFICATION of the tofal
CCURACY.

Hence, performance of a TUT in ADJUSTED MODE is assessed in two steps (see Table AA.101).

1) VERIFICATION of a LABORATORY ACCURACY as described in Clause 201.101.

2) VALIDATION of CLINICAL ACCURACY while taking temperatures from a sufficiently large group of subjects
which is described in Clause 201.102.
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AA.201.102.2 Human subject population requirements

There is no known data that would suggest that the CLINICAL ACCURACY of a CLINICAL THERMOMETER in an
ADJUSTED MODE is affected by the gender or race of a PATIENT. However, the age of a PATIENT is a known and
important factor.l8l30] Thermal control in humans develops as the individual grows. Besides, with age organs
change in size, tissue texture, blood perfusion and other properties. All these can affect the adjustment
algorithms. When assessing CLINICAL ACCURACY, selection of subjects for the test needs to include a sufficient
number of subjects with the ages for which the TUT is intended. This particular standard recommends that
four age groups be tested (see Table 201.102).

If[a CLINICAL THERMOMETER 1S infended for a subject of any age, all four groups are required o pe tested
s¢parately. Generally, it is preferable that ages of subjects are distributed within a group as™uniformly as
possible. The total number of valid subjects in any group is required to be no less than 35)and the total
nyimber of the tested subjects is required to be at least 105. However, if a particular TUT is-dot’intengled for all
ages, the total number of tested subjects is still required to be at least 105. For exampleyif a basgl CLINICAL
THERMOMETER is intended for the ovulating females, it would be tested only with Group C. The total pumber of
sdibjects in that group is still required to be at least 105. However, there is no need-to\test too youngfor too old
female subjects. For that particular type of CLINICAL THERMOMETER, the subjects should be females bgtween 15
amd 50 years of age and there is no need to test older or younger subjects.

For VALIDATION of an ADJUSTED MODE continuous CLINICAL THERMOMETER”no separation of age proups is
rgquired. However, the ages of the subjects should be uniformly distributed within the tested population. The
total number of tested subjects is still required to be at least 105.

AA.201.102.3 CLINICAL BIAS calculation

Tp evaluate a CLINICAL BIAS, a sufficiently large number” of temperature pairs should be takeh by two
thermometers - the CLINICAL THERMOMETER under test (PUT) and the REFERENCE CLINICAL THERMOMETER (RCT)
from multiple subjects with at least one pair of OUTPURTEMPERATURES per subject.

S|nce three consecutive temperatures are taken-from the MEASURING SITE by the TUT, only the first one is
used in computation of the CLINICAL BIAS;, because in clinical practice typically only one temperature
mieasurement is performed.

Figure AA.105 shows a data plot for(pairs of temperatures taken by the TUT and the RCT. For an ideal equality,
all data points should fall onto a 45° line of equality. In reality, the data points might scatter around a shifted
line that could be above or below:the ideal line of equality. Moreover, the line might not be a 45° line pnd could
eyen be curved. The shift of\the line is measured by the value of the average CLINICAL BIAS which ghows the
telndency of the TUT to overestimate or underestimate temperatures as compared with the RCT.
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Figure AA.105 — Example of a comparison plot for TUT and RCT

AA.201.102.4 LIMITS OF AGREEMENT calculation

Dispersion of OUTPUT TEMPERATURES around-the’ CLINICAL BIAS can be estimated by the standard deviation p
of the tenpperature differences between the GLINICAL THERMOMETER under test (TUT) and the RCT as measurégd
from muq]zple subjects. For a graphical‘illustration and analysis, it is convenient to plot the differences, AT,
against the average values of OUTPUT TEMPERATURES from the TUT and the RCT, i.e. (T1yt + TrcT)/2, $8
shown in [Figure AA.106.

If the diffgrences are normally-distributed, it can be expected that about 95 % of them will fall in the range fof
d +2x dgy. This range is_called the “95 % limits of the agreement”. This particular standard defines LIMITS OF
AGREEMENT as 2 X oy It/ characterizes the range within which most differences between the OUTPYT
TEMPERATURES by the~TUT and the RCT lie.
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A Fy is the temperature differences between the CLINICALSTHERMOMETER under test (TUT) and the RCr
7| s the average of OUTPUT TEMPERATURES from the-FUT and the RCT

1 d +2x oy

2 d is the mean difference between OUTPUT TEMPERATURES from the TUT and the RCT

3 d -2x oy

Figure AA.106 — Example of.a'Bland-Altman Plot of the temperature difference (TUT minup RCT)
versus the'average OUTPUT TEMPERATURES of two thermometers

Table AA.103 exemplifies fesults of a CLINICAL ACCURACY test, with the total number of PATIENTS in the group
nFE 36, both febrile and afebrile. Three sequential OUTPUT TEMPERATURES from each PATIENT are [neasured
and indicated by a TU¥ as ¢4, 1, and t3. Note that only one TUT temperature ¢, was taken from febrilg PATIENTS
(subjects numbers-3)'and 5). The bias and standard deviation were calculated from the temperature
differences (¢4 ~yré7) @s +0,07 °C and 0,37 °C respectively. The bias is acceptable, although the|LIMITS OF

A - v v T 5 S are not
clinically important and would not lead to unmanageable diagnostic errors. A bias, d, that is consistent over
all tested CLINICAL THERMOMETERS is a systematic error and generally can be adjusted. However, a large
standard deviation, sy, and hence widely spaced LIMITS OF AGREEMENT are a much more serious issue.

Y equivaler O The R ne Ulated \ OF AGR VIEN
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Table AA.103 — Example of CLINICAL ACCURACY VALIDATION test results

PATIENT Ty T, T3 TreT Ty - TreT o
oc oc oc °C oc oc
1 36,5 36,7 36,2 36,4 0,1 0,25
2 371 37,0 36,8 36,9 0,2 0,15
3 39,9 39,3 -0,4
4 35,8 35,9 36,2 35,8 0,0 0,21
5 38,2 38,0 0,2
6 37,4 371 36,9 37,1 0,3 0525
34 36,7 36,5 36,4 36,5 0,2 0,15
35 36,6 36,9 36,7 36,8 -0,2 0,15
36 36,1 36,3 36,3 36,0 0,4 0,12
Bias, d 0,07
Standard Deviation 0,22
LIMITS OF AGREEMENT, L, 0,44
CLINICAL REPEATABILITY, Oy 0,23
AA.201.102.5 CLINICAL REPEATABILITY calculation
CLINICAL [REPEATABILITY (sometimes called the perceived accuracy) is a measure of the consistency [of

repeated [measurements with identical operating conditions when temperatures are taken within short time
intervals from the same MEASURING SITE of the same’subject by the same OPERATOR with the same intermittgnt
CLINICAL THERMOMETER. This characteristic is\.applicable only to intermittent CLINICAL THERMOMETERS. o
determing the CLINICAL REPEATABILITY, three OUTPUT TEMPERATURES (14 ;, fp;, and 13 ;) are taken from ea¢h
subject by the CLINICAL THERMOMETER under test (TUT). No RCT is required as the TUT OUTPUT TEMPERATURES
are compared with themselves. Reasonable time delays between the measurements are necessary [to
minimize | effects of cooling the MEASURING SITE by the PROBE and thermal drifts in the PROBE. The
ACCOMPANYING DOCUMENT recomimends the minimum time between measurements (the highest possible rate
of taking| temperatures) at the-MEASURING SITE. The CLINICAL REPEATABILITY does not show the CLINICAL
ACCURACY of the TUT, only,the-Consistency of the OUTPUT TEMPERATURES.

CLINICAL REPEATABILITY/is" a pooled standard deviation of triplicate measurements over the population |of
subjects, jother than-febrile subjects less than 5 years old.

AA.201.103 PROBES, PROBE CABLE EXTENDERS and PROBE COVERS

PROBES, PROBE-CABLE-EXFENDERS-and-PROBE-COVERS-are-as-important-in-establishing-the-safety and-accuraty
of the complete CLINICAL THERMOMETER as is the indicating unit and any software algorithms. This clause
establishes that the MANUFACTURER of the PROBE, PROBE CABLE EXTENDER Or PROBE COVER (including a
MANUFACTURER of a REPROCESSED PROBE, PROBE CABLE EXTENDER or PROBE COVER) is responsible not only for
the separately testable properties (such as biocompatibility) of the PROBE, PROBE CABLE EXTENDER Or PROBE
COVER itself, but also for the affected combined properties (such as accuracy, electromagnetic compatibility,
and electrical safety) of the CLINICAL THERMOMETERS that the MANUFACTURER specifies that the PROBE, PROBE
CABLE EXTENDER Or PROBE COVER can be used with. As an example of a possible effect of REPROCESSING on
biocompatibility, glutaraldehyde sterilization of silicone rubber materials can result in impregnation of the
material with solvent which, if not sufficiently removed, by subsequent processing can cause a chemical burn
when that PROCESS is not described (and therefore VALIDATED) in the ACCOMPANYING DOCUMENTS.[BI71(8](S]

36 © ISO 2009 — Al rights reserved


https://standardsiso.com/api/?name=8e80146ad213cf313a47a873bd3de8e8

	Laboratory performance requirements
	1 * General test requirements
	2 * Laboratory accuracy
	3 * Time response for a continuous clinical thermometer

	* Clinical accuracy validation
	1 Method
	2 * Human subject population requirements
	3 * Clinical bias calculation
	4 * Limits of agreement calculation
	5 * Clinical repeatability calculation

	* Probes, probe cable extenders and probe covers
	1 General
	2 Labeling


