Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

IEC 60601-1-8:2006+A1:2012

Full docu

IEC 60601-1-8

Edition 2.1 2012-11

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Medical electrical equipment —

Part 1-8: General requirements for basic safety and essential performance —
Collateral standard: General requirements, tests and guidance for alarm systems
in medical electrical equipment and medical electrical systems

Appareils électromédicaux —

Partie 1-8: Exigences générales pour la sécurité de base et les performances
essentielles — Norme collatérale: Exigences générales, essais et guide pour
les systémes d’alarme des appareils et des systémes électromédicaux



http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012

Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2012 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite ni
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et les
microfilms, sans l'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEIl de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch
www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you to find IEC publications
by a variety of criteria (reference number, text, technical
committee,...).

It also gives information on projects, replaced and
withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available on-line and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing more than 30 000 terms and
definitions in English and French, with equivalent terms in
additional languages. Also known as the International
Electrotechnical Vocabulary (IEV) on-line.

Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication
or need further assistance, please contact the
Customer Service Centre: csc@iec.ch.

A propos de la CEI

La Commission Electrotechnique Internationale (CEIl) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

Liens utiles:

Recherche de publications CEI - www.iec.ch/searchpub

La recherche avancée vous permet de trouver des
publications CEI en utilisant différents criteres (numéro de
référence, texte, comité d’études,...).
Elle donne aussi des informations sur les projets et les
publications remplacées ou retirées.

Just Published CEI - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications de la CEI.
Just Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne au monde de termes
électroniques et électriques. Il contient plus de 30 000
termes et définitions en anglais et en frangais, ainsi que
les termes équivalents dans les langues additionnelles.
Egalement appelé Vocabulaire Electrotechnique
International (VEI) en ligne.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur
cette publication ou si vous avez des questions
contactez-nous: csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 60601 1-8 CSV 2012


mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/justpublished
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012

Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

IEC 60601-1-8

Edition 2.1 2012-11

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Medical electrical equipment —

Part 1-8: General requirements for basic safety and essential performance —
Collateral standard: General requirements, tests and guidance for alarm systems
in medical electrical equipment and medical electrical systems

Appareils électromédicaux —

Partie 1-8: Exigences générales pour la sécurité de base et les performances
essentielles — Norme collatérale: Exigences générales, essais et guide pour
les systémes d’alarme des appareils et des systémes électromédicaux

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 11.040.01 ISBN 978-2-8322-0492-4

Warning! Make sure that you obtained this publication from an authorized distributor.

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un dismbuteur agréé.
poctments
Document Sharing Hub

Full document details: IEC 606011-8 CSV 2012


http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012

Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

-2- 60601-1-8 © IEC:2006+A1:2012
CONTENTS

O T L @ ]I S 4
INTRODUCTION TO THE AMENDMENT ..ot 7
LN 0 75 10 L@ N 1 ] S 7
1 * Scope, object and related standards ... ... 9
LIPS S Yo o 1PN 9
L © o Y o1 S PP 9
1.3 Related Standards . ... 9
2 NOIMaAtiVe FefErENCES e 10
3 Terms and definitioNs ... e 10
N € 1= Y aT=Y =TI =To LU 11 0=T 0 =T £ PN 15
5 ME EQUIPMENT identification marking and documents ............ocoiiiiiiiiiiii e, 15
5.1 Indicator lights and CONtrolS..... ..o 15
5.2 ACCOMPANYING DOCUMENTS . .euutitntiteeteitettae et aeea e et e et e et e et e et e et e et e et e et e eaeeaeeenns 15
T NI o I Y P 15
6.1 ALARM CONDITION L. tiitnettne ettt et et et et e e e ea e e e e e et e e e et e et e et e et e et e et e et e e eeenes 15
6.2 * Disclosures for INTELLIGENT ALARM SYSTEM ...cuuiuuiuuienaieiiaeiaeieee e ee e e e eaeeneenns 16
6.3  Generation Of ALARM SIGNALS ... c.uitiieii et e e e e e eneeans 17
6.4  * DiSClOSUre Of A@IaYS . iuuiee i 24
8.5  ALARM PRESE TS ituituiitutitnettetteeteete et e et e et e ea e et e ea e ea e et e et e et ee it ee e e e et e et e aeanns 24
8.6 ALARM LIMIT ittt it e et e et et e e et et et e e e e e et et e et et e e et et e e e e e an s 27
6.7  * ALARM SYSTEM SECUIITY .. euuiitiii ettt ettt 28
6.8 ¥ ALARM SIGNAL inactivation states .........ccooiiiiiiiiii 28
G T N 2V =] = P 31
6.10 * NON-LATCHING and LATCHING ALARM SIGNALS .....uvuuuiitiiieiieeiieeiieeeieeeiaeeeeeneeneennns 31
6.11 * DISTRIBUTED ALARM SYSTEM ..uituiiuneitneitneeteete et eeieene et e et e et e et e et e e e et eeaneeanaeenns 32
6.12 * ALARM-CONDITHON SYSTEM [0QQING . .eeviiiiiiiie et e s 33
Annex A (informative) General guidance and rationale..............ooooiiiiiiiiii 35

Annex B (informative) Guide to marking and labelling requirements for ME EQUIPMENT
=] o Y R Y 1 PN 72
Annex C (normative) Symbols 0N Marking........coouiiuiiiiiiiiiie e 75
ANNEX D (informative) Guidance for auditory ALARM SIGNALS ......ccuuiiiiiiiiiiiiiiieeieeeeeee e 81
ANNEX E (informative) Verbal ALARM SIGNALS..... ..t 83
ANNEX F (normative) * Reserved melodies for ALARM SIGNALS........ccovuiiiiiieieieieeeeeeneeanenn 85
Bl O g AP Y e e 86
Index of defined terms used in this collateral standard................cooiiiiiiiiii i 88
Figure 1 — lllustration of temporal characteristics of auditory ALARM SIGNALS ...........cccocueeenn.. 21
Figure A.1 — Graphical representation of components of ALARM SYSTEM delay ....................... 53

Documents

Full document details: IEC 60601 1-8 CSV 2012

Document Sharing Hub


http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012

Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

60601-1-8 © IEC:2006+A1:2012 -3-

Table 1 — ALARM-CONDITION-priorities Determination of ALARM CONDITIONS and

ASSIGNMENT OF PrIOTIIES .oun it 16
Table 2 — Characteristics of alarm indicator lights ..o, 18
Table 3 — * Characteristics of the BURST of auditory ALARM SIGNALS .........cccovviineineeneiieenennnn. 20
Table 4 — * Characteristics of the PULSE of auditory ALARM SIGNALS.........covuuiiiiiiiiiiiiieiieeeeenn. 20
Table 5 — ALARM SIGNAL inactivation states..........ooooi e 30
Table A.1 — Reference interpretation of Table F. 1. ... 71
Table A.2 — Reference interpretation of Table F.2.........cooiiiiiiii e 71
Table B.1 — Cross-reference of marking..... ..o 72
Table B.2 — Cross-reference of ACCOMPANYING DOCUMENTS ...cuiuiuiieeaeaeaee e eenaenaeeeeneenens 73
Table B.3 — Cross-reference of instructions for USe..........cooviiiiiiiiiiiiiici e, 73
Table B.4 — Cross-reference of technical description ........ ..o, 74
Table C.1 — Graphical symbols for ALARM SYSTEMS .....uuuuiiiiiieiieiie e eanee 75
Table C.2 — Alternative ALARM SYSTEM related markings........cccoooviiiiiiiiiicic e 80
Table D.1 — Attributes of perceived UrgeNCY .......couiiniiiiie e 81
Table F.1 — * Equipment encoded auditory ALARM SIGNALS categorized by ALARM

CONDITION and priority complying with Table 3 and Table 4 ..., 85
Table F.2 — * Auditory LOW PRIORITY ALARM SIGNAL complying with Table 3 and Table 4 ........ 85

Documents

Document Sharing Hub

Full document details: IEC 60601 1-8 CSV 2012


http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012
http://www.avadocuments.com/doc/iec-60601-1-8-csv-2012

Free viewing with the permission of Enterprise Singapore, on behalf of IEC, in response to COVID-19 situation.
Single user licence only, no reproduction or circulation. Copying and networking prohibited.

-4 - 60601-1-8 © IEC:2006+A1:2012

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 1-8: General requirements for basic safety
and essential performance —
Collateral Standard: General requirements, tests and guidance for alarm
systems in medical electrical equipment and medical electrical systems

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of IEC 60601-1-8 consists of the second edition (2006)
[documents 62A/519/CDV and 62A/537A/RVC] and its amendment 1 (2012) [documents
62A/824/FDIS and 62A/837/RVD]. It bears the edition number 2.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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International standard IEC 60601-1-8 has been prepared by IEC subcommittee 62A: Common
aspects of electrical equipment used in medical practice of IEC technical committee 62:
Electrical equipment in medical practice, and ISO subcommittee SC 3: Lung ventilators and
related devices of ISO technical committee 121: Anaesthetic and respiratory equipment.

It is published as double logo standard.

IEC 60601-1-8 constitutes a collateral standard to IEC 60601-1: Medical electrical equipment —
Part 1: General requirements for safety and essential performance hereafter referred to as the
general standard.

This edition of IEC 60601-1-8 was revised to structurally align it with the 2005 edition of IEC
60601-1 and to implement the decision of IEC Subcommittee 62 A that the clause numbering
structure of collateral standards written to IEC 60601-1:2005 would adhere to the form
specified in ISO/IEC Directives, Part 2:2004. The principle technical changes are in Clause 4,
which now recognizes that there is a general requirement for a risk management process in
IEC 60601-1:2005.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In the 60601 series of publications, collateral standards specify general requirements for
safety applicable to:

— a subgroup of MEDICAL ELECTRICAL EQUIPMENT (e.g. radiological equipment); or

— a specific characteristic of all MEDICAL ELECTRICAL EQUIPMENT, not fully addressed in the
general standard (e.g. ALARM SYSTEMS).

In this collateral standard, the following print types are used:

— Requirements and definitions: roman type.

— Test specifications: italic type. In addition, in Annex A text in italics indicates guidance that
describes means to achieve the safety objectives of this collateral standard.

— Informative material appearing outside of tables, such as notes, examples and references: in smaller type.
Normative text of tables is also in a smaller type.

— TERMS DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD, IN THIS COLLATERAL STANDARD OR AS
NOTED: SMALL CAPITALS.
In referring to the structure of this standard, the term

“clause” means one of the seventeen numbered divisions within the table of contents,
inclusive of all subdivisions (e.g. Clause 6 includes Subclauses 6.1, 6.2, etc.);

— “subclause” means a numbered subdivision of a clause (e.g. 6.1, 6.2 and 6.3.1 are all
subclauses of Clause 6).

References to clauses within this standard are preceded by the term “Clause” followed by the
clause number. References to subclauses within this standard are by number only.

In this standard, the conjunctive “or” is used as an “inclusive or” so a statement is true if any
combination of the conditions is true.

The verbal forms used in this standard conform to usage described in Annex H of the ISO/IEC
Directives, Part 2. For the purposes of this standard, the auxiliary verb:

“shall” means that compliance with a requirement or a test is mandatory for compliance
with this standard;

- “should” means that compliance with a requirement or a test is recommended but is not
mandatory for compliance with this standard;

- “may” is used to describe a permissible way to achieve compliance with a requirement or
test, Documents
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Clauses, subclauses and definitions for which a rationale is provided in informative Annex A
are marked with an asterisk (*).

A list of all parts of the IEC 60601 series, under the general title: Medical electrical
equipment, can be found on the IEC website.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch"” in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,
* withdrawn,

* replaced by a revised edition, or
*+ amended.

NOTE The attention of National Committees is drawn to the fact that equipment manufacturers and testing
organizations may need a transitional period following publication of a new, amended or revised IEC or
ISO publication in which to make products in accordance with the new requirements and to equip themselves for
conducting new or revised tests. It is the recommendation of the committee that the content of this publication be
adopted for mandatory implementation nationally not earlier than 3 years from the date of publication.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION TO THE AMENDMENT

The second edition of IEC 60601-1-8 was published in 2006. Since its publication, an issue
has been identified with respect to pulse and burst testing. In addition, issues have been
raised by IEC/62D/MT 22, Electromedical diagnostic and patient monitoring equipment, during
implementation of alarm system requirements in particular standards within their scope of
work.

At the Brussels meeting, IEC/SC 62A accepted a proposal, based on ISO/TC 121/SC 3
Resolution Orebro 6, to develop the 1°' amendment to IEC 60601-1-8:2006 to address the
issues identified above. IEC/SC 62A — ISO/TC 121/SC 3 Joint Working Group 2, Alarms, was
reactivated as a maintenance team to develop this amendment.
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INTRODUCTION

MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS are increasingly used in
medical practice. ALARM SIGNALS are frequently used to indicate unsatisfactory physiological
PATIENT states, unsatisfactory functional states of the MEDICAL ELECTRICAL EQUIPMENT or
MEDICAL ELECTRICAL SYSTEM or to warn the OPERATOR of HAZARDS to the PATIENT or OPERATOR
due to the MEDICAL ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEM. INFORMATION
SIGNALS convey information that is independent of an ALARM CONDITION.

Surveys of healthcare personnel have indicated significant discontent with ALARM SIGNALS.
Problems include difficulty in identifying the source of an ALARM SIGNAL, loud and distracting
ALARM SIGNALS, and the high incidence of FALSE POSITIVE or NEGATIVE ALARM
CONDITIONS [16] 1). Surveys of MANUFACTURERS of medical monitors demonstrated a wide
variety of DEFAULT ALARM PRESETS. The leading reason for disabling ALARM SIGNALS is the large
number of ALARM SIGNALS associated with FALSE POSITIVE ALARM CONDITIONS. See also
bibliography.

Safety of PATIENTS depends on the ability of the OPERATOR to correctly discern the
characteristics of ALARM SIGNALS. USABILITY is an important element in the design of ALARM
SIGNALS that are readily discernible without being unnecessarily distracting or disturbing. This
approach is intended to rationalize the current situation, to reduce confusion by limiting
proliferation of ALARM SIGNALS and their control states, and to minimize distraction for other
people. This collateral standard was developed with contributions from clinicians, engineers
and applied psychologists.

The terminology, requirements, general recommendations and guidance of this collateral
standard are intended to be useful for MANUFACTURERS of MEDICAL ELECTRICAL EQUIPMENT and
MEDICAL ELECTRICAL SYSTEMS and for technical committees responsible for particular
standards.

The effectiveness of any ALARM SYSTEM depends critically on its implementation by the
RESPONSIBLE ORGANIZATION. It is important that the RESPONSIBLE ORGANIZATION configure the
ALARM SYSTEM so that an OPERATOR is not able to compromise it.

1) Figures in brackets refer to the bibliography. Documents
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MEDICAL ELECTRICAL EQUIPMENT -

Part 1-8: General requirements for basic safety
and essential performance —
Collateral Standard: General requirements, tests and guidance for alarm
systems in medical electrical equipment and medical electrical systems

1 * Scope, object and related standards

1.1  Scope

This International Standard applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of
MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS, hereafter referred to as
ME EQUIPMENT and ME SYSTEMS.

This collateral standard specifies requirements for ALARM SYSTEMS and ALARM SIGNALS in
ME EQUIPMENT and ME SYSTEMS.

It also provides guidance for the application of ALARM SYSTEMS.

1.2 Object

The object of this collateral standard is to specify BASIC SAFETY and ESSENTIAL PERFORMANCE ‘
requirements and tests for ALARM SYSTEMS in ME EQUIPMENT and ME SYSTEMS and to provide
guidance for their application. This is accomplished by defining alarm categories (priorities) by
degree of urgency, consistent ALARM SIGNALS and consistent control states and their marking
for all ALARM SYSTEMS.

This collateral standard does not specify:

— whether any particular ME EQUIPMENT or ME SYSTEM is required to be provided with ALARM
SYSTEMS;

— the particular circumstances which initiate an ALARM CONDITION;
— the allocation of priorities to a particular ALARM CONDITION; or
— the means of generating ALARM SIGNALS.

1.3 Related standards
1.3.1 IEC 60601-1

For ME EQUIPMENT and ME SYSTEMS, this collateral standard complements IEC 60601-1.

When referring to IEC 60601-1 or to this collateral standard, either individually or in
combination, the following conventions are used:

"the general standard" designates IEC 60601-1 alone (latest edition including any
amendments);

— "this collateral standard" designates IEC 60601-1-8 alone;

— "this standard" designates the combination of the general standard and this collateral
standard.
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1.3.2 Particular standards

A requirement in a particular standard takes priority over the corresponding requirement in
this collateral standard.

2 Normative references

The following-referenced documents, in whole or in part, are normatively referenced in this
document and are indispensable for—the its application—ef—this—decument. For dated
references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

IEC 60417, Graphical symbols for use on equipment. Available from: <http://www.graphical-
symbols.info/equipment>

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic
safety and essential performance
Amendment 1:2012

IEC 61672-1:2002, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 62366:2007, Medical devices — Application of usability engineering to medical devices

ISO 3744:4994 2010, Acoustics — Determination of sound power levels and sound energy
levels of noise sources using sound pressure — Engineering method-in for an essentially free
field over a reflecting plane

ISO 7000:4989, Graphical symbols for use on equipment—index—and-synopsis. Available
from: <http://www.graphical-symbols.info/equipment>

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60601-
| 1:2005+A1:2012 and IEC 62366:2007—+EC-60601-1-2:——-—5_|EC 60601-1-6:——-—6), and the
following definitions apply.
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NOTE 1 The term “electrical equipment” is used to mean ME EQUIPMENT or other electrical equipment. This
standard also uses the term “equipment” to mean ME EQUIPMENT or other electrical or non-electrical equipment in
the context of an ME SYSTEM.

NOTE 2 An index of defined terms is found beginning on page 88.

3.1

* ALARM CONDITION

state of the ALARM SYSTEM when it has determined that a potential or actual-HAZARD
HAZARDOUS SITUATION exists for which OPERATOR awareness or response is required

NOTE 1 An ALARM CONDITION can be invalid, i.e. a FALSE POSITIVE ALARM CONDITION.
NOTE 2 An ALARM CONDITION can be missed, i.e. a FALSE NEGATIVE ALARM CONDITION.

3.2

* ALARM CONDITION DELAY

time from the occurrence of a triggering event either in the PATIENT, for PHYSIOLOGICAL ALARM
CONDITIONS, or in the equipment, for TECHNICAL ALARM CONDITIONS, to when the ALARM SYSTEM
determines that an ALARM CONDITION exists

3.3
* ALARM LIMIT
threshold used by an ALARM SYSTEM to determine an ALARM CONDITION

3.4

ALARM OFF

state of indefinite duration in which an ALARM SYSTEM or part of an ALARM SYSTEM does not
generate ALARM SIGNALS

3.5

* ALARM PAUSED

state of limited duration in which the ALARM SYSTEM or part of the ALARM SYSTEM does not
generate ALARM SIGNALS

3.6

ALARM PRESET

set of stored configuration parameters, including selection of algorithms and initial values for
use by algorithms, which affect or modify the performance of the ALARM SYSTEM

3.7

ALARM RESET

OPERATOR action that causes the cessation of an ALARM SIGNAL for which no associated ALARM
CONDITION currently exists

3.8
ALARM SETTINGS
ALARM SYSTEM configuration, including but not limited to:

— ALARM LIMITS;
— the characteristics of any ALARM SIGNAL inactivation states; and
— the values of variables or parameters that determine the function of the ALARM SYSTEM

NOTE Some algorithmically-determined ALARM SETTINGS can require time to be determined or re-determined.

3.9

ALARM SIGNAL

type of signal generated by the ALARM SYSTEM to indicate the presence (or occurrence) of an
ALARM CONDITION

6)_To b bubliched._See.footnote.3. Documqnts
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3.10
* ALARM SIGNAL GENERATION DELAY
time from the onset of an ALARM CONDITION to the generation of its ALARM SIGNAL(S)

3.1

ALARM SYSTEM

parts of ME EQUIPMENT or a ME SYSTEM that detect ALARM CONDITIONS and, as appropriate,
generate ALARM SIGNALS

3.12

AUDIO OFF

state of indefinite duration in which the ALARM SYSTEM or part of the ALARM SYSTEM does not
generate an auditory ALARM SIGNAL

3.13

AUDIO PAUSED

state of limited duration in which the ALARM SYSTEM or part of the ALARM SYSTEM does not
generate an auditory ALARM SIGNAL

3.14
BURST
group of PULSES with a distinctive rhythm or pattern

3.15

DE-ESCALATION

PROCESS by which an ALARM SYSTEM decreases the priority of an ALARM CONDITION or
decreases the sense of urgency of an ALARM SIGNAL

3.16
DEFAULT ALARM PRESET
ALARM PRESET that can be activated by the ALARM SYSTEM without OPERATOR action

NOTE MANUFACTURER- or RESPONSIBLE ORGANIZATION-configured ALARM PRESETS are possible types of DEFAULT
ALARM PRESETS.

3.17
* DISTRIBUTED ALARM SYSTEM
ALARM SYSTEM that involves more than one item of equipment of a ME SYSTEM

NOTE The parts of a DISTRIBUTED ALARM SYSTEM can be widely separated in distance.

3.18

ESCALATION

PROCESS by which an ALARM SYSTEM increases the priority of an ALARM CONDITION or increases
the sense of urgency of an ALARM SIGNAL

3.19

FALL TIME

i

interval over which the PULSE amplitude decreases from 90 % to 10 % of its maximum (see
Figure 1)

3.20

FALSE NEGATIVE ALARM CONDITION

absence of an ALARM CONDITION when a valid triggering event has occurred in the PATIENT, the
equipment or the ALARM SYSTEM

NOTE An ALARM CONDITION can be rejected or missed because of spurious information produced by the PATIENT,
the PATIENT-equipment interface, other equipment or the equipment itself.
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3.21

FALSE POSITIVE ALARM CONDITION

presence of an ALARM CONDITION when no valid triggering event has occurred in the PATIENT,
the equipment or the ALARM SYSTEM

NOTE A FALSE POSITIVE ALARM CONDITION can be caused by spurious information produced by the PATIENT, the
PATIENT-equipment interface, other equipment or the ALARM SYSTEM itself.

3.22
HIGH PRIORITY
indicating that immediate OPERATOR response is required

NOTE The priority is assigned through RISK ANALYSIS.

3.23
* INFORMATION SIGNAL
any signal that is not an ALARM SIGNAL or a REMINDER SIGNAL

EXAMPLE 1 ECG waveform
EXAMPLE 2 SpO; tone
EXAMPLE 3 Fluoroscopy beam-on indication

3.24

* INTELLIGENT ALARM SYSTEM

ALARM SYSTEM that makes logical decisions based on monitored information without OPERATOR
intervention

EXAMPLE 1 An ALARM SYSTEM that changes priority based on the rate of change of a monitored variable.

EXAMPLE 2 An ALARM SYSTEM that suppresses an ALARM CONDITION when a related ALARM CONDITION of higher
priority has recently generated an ALARM SIGNAL.

3.25

INTERBURST INTERVAL

Iy

period of time between the end of the last PULSE of a BURST and the start of the first PULSE of
the next BURST of the same ALARM SIGNAL (see Figure 1)

3.26

LATCHING ALARM SIGNAL

ALARM SIGNAL that continues to be generated after its triggering event no longer exists until
stopped by deliberate OPERATOR action

3.27
LOW PRIORITY
indicating that OPERATOR awareness is required

NOTE The priority is assigned through RISK ANALYSIS.

3.28
MEDIUM PRIORITY
indicating that prompt OPERATOR response is required

NOTE The priority is assigned through RISK ANALYSIS.

3.29

NON-LATCHING ALARM SIGNAL

ALARM SIGNAL that automatically stops being generated when its associated triggering event
no longer exists
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3.30

OPERATOR'S POSITION

intended position of the OPERATOR with respect to the ALARM SIGNAL generating part of the
ALARM SYSTEM

NOTE A DISTRIBUTED ALARM SYSTEM can have multiple OPERATOR’S POSITIONS.

3.31
PHYSIOLOGICAL ALARM CONDITION
ALARM CONDITION arising from a monitored PATIENT-related variable

EXAMPLE 1 High exhaled anesthetic agent concentration.
EXAMPLE 2 Low exhaled tidal volume.

EXAMPLE 3 Low oxygen saturation measured by pulse oximetry.
EXAMPLE 4 High arterial pressure.

EXAMPLE 5 High heart rate.

3.32
PULSE
brief continuous sound having a specific spectral content

3.33
PULSE FREQUENCY
fo

fundamental frequency (first harmonic) of a PULSE

3.34

* REMINDER SIGNAL

periodic signal that reminds the OPERATOR that the ALARM SYSTEM is in an ALARM SIGNAL-
inactivation state

3.35
RISE TIME
tr

interval over which the PULSE increases from 10% to 90% of its maximum amplitude (see
Figure 1)

3.36

TECHNICAL ALARM CONDITION

ALARM CONDITION arising from a monitored equipment-related or ALARM SYSTEM-related
variable

EXAMPLE 1 An electrical, mechanical or other failure.

EXAMPLE 2 A failure of a sensor or component (unsafe voltage, high impedance, signal impedance, artifact,
noisy signal, disconnection, calibration error, tubing obstruction, etc.).

EXAMPLE 3 An algorithm that cannot classify or resolve the available data.

3.37

* ACKNOWLEDGED

state of an ALARM SYSTEM initiated by OPERATOR action, where the auditory ALARM SIGNAL
associated with a currently active ALARM CONDITION is inactivated until the ALARM CONDITION no
longer exists

NOTE 1 ACKNOWLEDGED only affects ALARM SIGNALS that are active at the time of the OPERATOR action.

NOTE 2 ACKNOWLEDGED can terminate after a predetermined time interval has elapsed.
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4 General requirements

If the MANUFACTURER chooses as a means of RISK CONTROL to have the ME EQUIPMENT or
ME SYSTEM notify the OPERATOR that a HAZARDOUS SITUATION can exist, then the ME EQUIPMENT
or ME SYSTEM shall include an ALARM SYSTEM complying with this collateral standard for that
purpose. See also 12.3 of the general standard.

The RISK ASSESSMENT shall also consider HAZARDS to PATIENTS, OPERATORS, and other persons
arising from the ALARM SYSTEM (see 6.8.3).

5 ME EQUIPMENT identification marking and documents

NOTE Additional requirements for the marking on controls and instruments are specified in this collateral
standard, together with the technical requirements, giving rise to requirements on markings. These requirements
are also listed in Annex B.

5.1 Indicator lights and controls

In addition to the requirements for colours of indicator lights and their meanings in 7.8.1 of the
general standard, the requirements of 6.3.2.2 apply.

NOTE Dot matrix or other alphanumeric displays are not considered to be an alarm indicator light unless those
displays are used to simulate an alarm indicator lights (see 6.3.2.2).

5.2 ACCOMPANYING DOCUMENTS

NOTE Additional requirements on ACCOMPANYING DOCUMENTS are specified in this collateral standard, together
with the technical requirements, giving rise to requirements on ACCOMPANYING DOCUMENTS. These requirements are
also listed in Table B.2.

5.2.1 Instructions for use
The instructions for use shall:

e *provide an overview of the ALARM SYSTEM, including a listing and description of every
possible ALARM CONDITION and, as appropriate for the intended OPERATOR, a summary of
how it is determined;

e indicate any delay inherent in the determination of an ALARM CONDITION;
e disclose the OPERATOR'S POSITION; and
e *include how and when to verify the functionality of the ALARM SYSTEM.

As applicable, the instructions for use shall caution against setting ALARM LIMITS to extreme
values that can render the ALARM SYSTEM useless.

NOTE Additional requirements on instructions for use are specified in this collateral standard, together with the
technical requirements, giving rise to requirements on instructions for use. These requirements are also listed in
Table B.3.

Compliance is checked by inspection of the instructions for use.

5.2.2 Technical description

NOTE Additional requirements on technical description are specified in this collateral standard, together with the
technical requirements, giving rise to requirements on technical description. These requirements are also listed in
Table B.4.

6 ALARM SYSTEMS

6.1 ALARM CONDITION
6.1.1 * General
If ALARM CONDITIONS are grouped into PHYSIOLOGICAL ALARM CONDITIONS, TECHNICAL ALARM

CONDITIONS or other ALARM CONDITION groups by the MANUFACTURER, this shall be cﬁclosed in
the instructions for use. ocuments
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Compliance is checked by inspection of the instructions for use.

* Determination of ALARM CONDITIONS and assignment of priority

For each HAZARDOUS SITUATION where the MANUFACTURER has chosen to use an ALARM SYSTEM
as a means of RISK CONTROL, the MANUFACTURER shall assign an ALARM CONDITION and its
priority using Table 1.

For HAZARDOUS SITUATIONS where the onset of potential HARM is delayed and the potential
result of a failure to respond is discomfort or minor reversible injury, the MANUFACTURER may
determine that no ALARM CONDITION is required. In such cases, the MANUFACTURER may
implement an INFORMATION SIGNAL.

NOTE Not all LOow PRIORITY ALARM CONDITIONS require prompt notification of the OPERATOR. On this basis an
auditory ALARM SIGNAL or repeating auditory ALARM SIGNAL can be omitted, when appropriate, since the OPERATOR
is expected to check the ME EQUIPMENT at intervals. In the event that the OPERATOR does not check the
ME EQUIPMENT in a timely fashion, the ALARM CONDITION should escalate from LOW PRIORITY to MEDIUM PRIORITY or
HIGH PRIORITY, and can additionally increase the sound pressure level of the related auditory ALARM SIGNALS, as
appropriate.

The priority of each ALARM CONDITION shall be disclosed in the instructions for use. Priorities
may be identified in groups.

Compliance is checked by inspection of the instructions for use and RISK MANAGEMENT FILE.
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Table 1 — Determination of ALARM CONDITIONS and assignment of priorities

Potential result of failure Onset of potential HARM ®
to respond to the cause - 5 - 3
of ALARM CONDITION Immediate Prompt Delayed
Death or irreversible injury HIGH PRIORITY ALARM HIGH PRIORITY ALARM MEDIUM PRIORITY ALARM
CONDITION °© CONDITION CONDITION
Reversible injury HIGH PRIORITY ALARM MEDIUM PRIORITY ALARM LOW PRIORITY ALARM
CONDITION CONDITION CONDITION
Discomfort or reversible MEDIUM PRIORITY ALARM LOW PRIORITY ALARM LOW PRIORITY ALARM
minor injury CONDITION CONDITION CONDITION, N0 ALARM
CONDITION or
INFORMATION SIGNAL

Onset of potential HARM refers to when an injury occurs and not to when it is manifested.

Having the potential for the event to develop within a period of time not usually sufficient for manual corrective
action.

Having the potential for the event to develop within a period of time usually sufficient for manual corrective
action.

Having the potential for the event to develop within an unspecified time greater than that given under “prompt”.

Where practicable, ME EQUIPMENT with a therapeutic function incorporates automatic safety mechanisms to
prevent immediate death or irreversible injury caused by the ME EQUIPMENT. See also appropriate particular
standards.

6.2 * Disclosures for INTELLIGENT ALARM SYSTEM

If an INTELLIGENT ALARM SYSTEM is provided, the instructions for use shall include, as
applicable, an overview of how the ALARM SYSTEM:

a) determines an ALARM CONDITION on the basis of time, weightings, multiple variables, or
other advanced processing (including, but not limited to, algorithms, neural networks,
fuzzy logic, etc.);

b) generates ALARM SIGNALS for two or more ALARM CONDITIONS of equal priority (including,
but not limited to, internal ranking, effect on generation of ALARM SIGNALS);

c) changes the previously-assigned priority or relative prioritization of a particular ALARM
CONDITION (e.g., ESCALATION or DE-ESCALATION);

d) changes the ALARM SIGNAL GENERATION DELAY or ALARM CONDITION DELAY; and

e) changes the characteristics of the generated ALARM SIGNALS (for example, volume, pitch,
tempo, urgency).

Compliance is checked by inspection of the instructions for use.

6.3 Generation of ALARM SIGNALS
6.3.1 General

Each ALARM CONDITION shall cause the generation of visual ALARM SIGNALS as specified in this
collateral standard. If deemed necessary by RISK ASSESSMENT regarding the environment in
which the ALARM SYSTEM is intended to be used, additional ALARM SIGNALS shall be generated.
These additional ALARM SIGNALS may be auditory, verbal, vibratory or produced by other
means.

EXAMPLE ALARM SYSTEMS with HIGH or MEDIUM PRIORITY ALARM CONDITIONS that are intended not to be
continuously attended by an OPERATOR in NORMAL USE should generate additional auditory ALARM SIGNALS.

Compliance is checked by inspection of the ALARM SYSTEM.
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6.3.2 * Visual alarm signals
6.3.2.1 General

ALARM SYSTEMS shall generate visual ALARM SIGNALS to indicate the presence of ALARM
CONDITIONS, their priority and each specific ALARM CONDITION.

6.3.2.2 * Characteristics of visual ALARM SIGNALS
6.3.2.2.1 * 4 m (distant) visual ALARM SIGNALS

If a visual indicator is necessary for the OPERATOR to identify the equipment or part of the
equipment that requires OPERATOR response or awareness, at least one visual ALARM SIGNAL
shall be provided that:

a) indicates the priority of the highest priority ALARM CONDITION; and

b) can be perceived correctly at a distance of 4 m from the ALARM SYSTEM.

If an alarm indicator light or graphical simulation of an indicator light is used for these
purposes, it shall comply with the colour and flashing requirements given in Table 2.

ALARM SYSTEMS that do not contain HIGH PRIORITY or MEDIUM PRIORITY ALARM CONDITIONS are
exempt from this requirement if their visual indication cannot be confused with a HIGH PRIORITY
or MEDIUM PRIORITY alarm indicator light complying with Table 2.

NOTE 1 This visual indicator is necessary for ALARM SYSTEMS that are intended to be located in the proximity of
other ALARM SYSTEMS.
NOTE 2 This visual indicator is not necessary for ALARM SYSTEMS that are worn, e.g., a paging receiver.

NOTE 3 An indicator light can be simulated, e.g. by a graphical display.

Table 2 — Characteristics of alarm indicator lights

Alarm category Indicator colour Flashing frequency Duty cycle
HIGH PRIORITY Red 1,4 Hz to 2,8 Hz 20 % to 60 % on
MEDIUM PRIORITY Yellow 0,4 Hz to 0,8 Hz 20 % to 60 % on

LOW PRIORITY Cyan or yellow Constant (on) 100 % on
6.3.2.2.2 1 m (OPERATOR’S POSITION) visual ALARM SIGNALS and INFORMATION SIGNALS

At least one visual ALARM SIGNAL that identifies the specific ALARM CONDITION and its priority
shall be provided. This signal shall be perceived correctly (be legible) at a distance of 1 m
from the equipment or part of the equipment or from the OPERATOR’S POSITION. This visual
indication may be text placed beside an indicator light or text on a display. The presence ofan
ALARM CONDITION may be visually indicated (marked) with symbol IEC 60417-5307 (2002-10)
(see Symbol 1 of Table C.1). The priority may be indicated by adding one, two or three
optional elements, (e.g., ! for LOw PRIORITY, !! for MEDIUM PRIORITY, and !!! for HIGH PRIORITY).

| NOTE 4 1 Factors affecting the legibility of a visual indication include the nature and characteristics of the visual
indication itself, ambient lighting in the intended environment of use, and viewing angle and distance.

| NOTE 52 The use of text that flashes on and off is discouraged because it is often difficult to read. Flashing text
that alternates between normal and reverse video or another colour is acceptable.

NOTE 6 3 Multiple-purpose computer-generated graphic displays should be designed in accordance with modern
human interface design principles. Attention is drawn totEC-60604-1-6 |IEC 62366.

NOTE # 4 The identification of the ALARM CONDITION is intended to convey information necessary for PATIENT
safety and safe use of the equipment.
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If multiple ALARM CONDITIONS occur at the same time, each individual ALARM CONDITION shall
be visually indicated, either automatically or by OPERATOR action, unless an INTELLIGENT ALARM
SYSTEM is provided that prevents a lower internal rank ALARM CONDITION from generating
ALARM SIGNALS when a higher internal rank ALARM CONDITION is generating or has recently
generated ALARM SIGNALS (see 6.2).

Visual INFORMATION SIGNALS, if provided, shall be correctly perceived as different from HIGH
PRIORITY or MEDIUM PRIORITY visual ALARM SIGNALS at a distance of 1 m from the ALARM SYSTEM
or from the OPERATOR’S POSITION.

NOTE 5 It is recognized that visual INFORMATION SIGNALS and visual ALARM SIGNALS can sometimes contain
identical or similar information.

Compliance is checked by inspection of the visual ALARM SIGNAL under the following
conditions:

— the OPERATOR has a visual acuity of 0 on the logMAR [17] scale or 6-6 (20/20) vision
(corrected if necessary),

— the viewpoint is at the OPERATOR'S POSITION or at any point within the base of a cone
subtended by an angle of 30° to the axis horizontal to or normal to the centre of the plane
of display of the monitoring display or visual indication, and

— the ambient illuminance in the range [21] of 100 Ix to 1 500 Ix.

6.3.3  * Auditory ALARM SIGNALS

6.3.3.1 * Characteristics of auditory ALARM SIGNALS

If an ALARM SYSTEM is provided with auditory ALARM SIGNALS:

a) all auditory ALARM SIGNALS shall be priority encoded;

b) of HIGH PRIORITY, the HIGH PRIORITY auditory ALARM SIGNALS shall convey a higher level of
urgency than the MEDIUM or LOW PRIORITY auditory ALARM SIGNALS of that ALARM SIGNAL set
as well as a higher level of urgency than any auditory INFORMATION SIGNAL;

c) of MEDIUM PRIORITY, the MEDIUM PRIORITY auditory ALARM SIGNALS shall convey a higher
level of urgency than the Low PRIORITY auditory ALARM SIGNALS of that ALARM SIGNAL set as
well as a higher level of urgency than any auditory INFORMATION SIGNAL;

d) the ALARM SYSTEM shall have at least one set of ALARM SIGNALS that
— meets the requirements of Table 3 and Table 4; or

— is generated by means of different technology (e.g., voice synthesizing of verbal ALARM
SIGNALS) and is VALIDATED (e.g., by clinical or simulated clinical USABILITY testing).
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Table 3 — * Characteristics of the BURST of auditory ALARM SIGNALS

Characteristic

HIGH PRIORITY
ALARM SIGNAL

MEDIUM PRIORITY
ALARM SIGNAL

LOW PRIORITY
ALARM SIGNALJ

between 5" and 6™ PULSE

between 6" and 7" PULSE

0,35st01,30 s

Number of PULSES in BURST & € 10 3 1or2

PULSE spacing (t5) (see Figure 1)

between 1% and 2" PULSE x y y

between 2" and 3" PULSE x y Not applicable
between 3" and 4™ puLSE 2x + 1y Not applicable Not applicable
between 4" and 5" PULSE x Not applicable Not applicable

Not applicable

Not applicable

X Not applicable Not applicable
between 7" and 8" PULSE x Not applicable Not applicable
between 8" and 9™ PULSE 2x + 1y Not applicable Not applicable
between 9" and 10" PULSE x Not applicable Not applicable
INTERBURST INTERVAL b. € (1,) 2,5s5t015,0s 2,55t030,0s >15s

or no repeat

Difference in amplitude between any two PULSES

Maximum 10 dB

Maximum 10 dB

Maximum 10 dB

Where: x shall be a value between 50 ms and 125 ms,

y shall be a value between 125 ms and 250 ms,

the variation of x and y within a BURST shall-be not exceed £ 5 %, and
MEDIUM PRIORITY ¢4 + y shall be greater than or equal to HIGH PRIORITY 7, + x.

The INTERBURST INTERVAL (#,) for HIGH PRIORITY auditory ALARM SIGNALS shall not be greater than the INTERBURST
INTERVAL for MEDIUM PRIORITY auditory ALARM SIGNALS which shall not be greater than the INTERBURST INTERVAL
for LOW PRIORITY auditory ALARM SIGNALS.

@ See also Table 4 for characteristics of the PULSE.

®  Unless otherwise specified in a particular standard for a particular ME EQUIPMENT.

° MANUFACTURERS are encouraged to use the longest INTERBURST INTERVAL consistent with the RISK ANALYSIS.
Writers of particular standards are encouraged to consider the longest appropriate INTERBURST INTERVAL of
the auditory ALARM SIGNAL for the particular ALARM SYSTEM application. Long INTERBURST INTERVALS can under
certain conditions negatively affect the ability to correctly discern, in a timely manner, the source of the
ALARM CONDITION.

The generation of the auditory component of a LOW PRIORITY ALARM CONDITION is optional.

¢ Unless inactivated by the OPERATOR, MEDIUM PRIORITY and LOW PRIORITY auditory ALARM SIGNALS shall
complete at least one BURST, and HIGH PRIORITY auditory ALARM SIGNALS shall complete at least half of one
BURST.

Table 4 — * Characteristics of the PULSE of auditory ALARM SIGNALS

Characteristic Value

PULSE FREQUENCY (fp) 150 Hz to 1 000 Hz

Number of harmonic components Minimum of 4

in the range 300 Hz to 4 000 Hz

Effective PULSE duration (t4)
HIGH PRIORITY
MEDIUM and LOW PRIORITY

75 ms to 200 ms
125 ms to 250 ms

10 % — 20 40 % of t

| RISE TIME (¢,)

FALL TIME? (&) t<ts—t

| NOTE 1 The relative sound pressure level of the harmonic components should be within 15 dB above or below
amplitude at the PULSE FREQUENCY.

| NOTE 2 In practice, the RISE TIME should not be less than 10 ms to prevent mechanical speaker noise.
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NOTE Figure 1 is intended to show the designation of temporal characteristics and does not illustrate any
individual auditory ALARM SIGNAL.
Figure 1 — lllustration of temporal characteristics of auditory ALARM SIGNALS

If the ALARM SYSTEM is additionally provided with other sets of auditory ALARM SIGNALS, the
following shall apply:

e) the other auditory ALARM SIGNALS shall be VALIDATED, e.g., by clinical or simulated clinical
USABILITY testing;

f) means shall be provided to store a set of auditory ALARM SIGNALS in the DEFAULT ALARM
PRESET; and

g) means may be provided to store a set of auditory ALARM SIGNALS in any ALARM PRESET.

NOTE 1 See also Annex D.
NOTE 2 Attention is drawn totEC-680801-1-8 |EC 62366.

Any melody shall preclude the possibility of confusion with the auditory ALARM SIGNALS of
Table 3, Table 4 and Annex F, unless their meaning is the same. If any of the melodies of
Annex F is used to meet the requirements of Table 3 and Table 4, its meanings shall be as
specified in Annex F.

When a TECHNICAL ALARM CONDITION that precludes the generation of the usual ALARM SIGNALS

occurs, e.g. power or ALARM SYSTEM failure, the ALARM SYSTEM may generate an auditory
ALARM SIGNAL that does not comply with the above requirements.
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If selection of auditory ALARM SIGNAL sets is provided, means shall be provided for the
RESPONSIBLE ORGANIZATION to prevent the OPERATOR from unauthorized access to changing
the auditory ALARM SIGNAL set in use (see 6.7).

Compliance is checked by inspection and functional testing of the ALARM SYSTEM and
inspection of any relevant VALIDATION documentation. Measure the drive signal of the audio
transducer utilizing an oscilloscope or other suitable instrument to cover the frequencies and
the RISE and FALL TIMES of the waveform. Verify the values of x, y, t,, t,, ts, tr and ty in Table 3
and Table 4. Alternatively, acoustic measurements in an anechoic chamber are permitted.

Acoustically verify the presence of (f,) and at least 3 additional harmonics in the range of
150 Hz to 4 000 Hz in the auditory ALARM SIGNAL at 1 m or the intended OPERATOR’S POSITION.

6.3.3.2 * Volume and characteristics of auditory ALARM SIGNALS and INFORMATION
SIGNALS

The auditory HIGH PRIORITY and MEDIUM PRIORITY ALARM SIGNAL sound pressure level range,—as
measured in accordance with the method of this subclause shall be disclosed in the
instructionsforuse ACCOMPANYING DOCUMENTS.

If auditory INFORMATION SIGNALS are provided, they shall be distinguishable from those of
auditory ALARM SIGNALS and their characteristics shall be disclosed in the instructions for use.

NOTE Unless the sound pressure level of INFORMATION SIGNALS is independently adjustable, it should not exceed
that of LOW PRIORITY ALARM SIGNALS.

Compliance is checked by inspection of the instructions for use and with the following test:

a) Set the ALARM SIGNAL sound pressure level (volume level) to its maximum setting.

b) If the ALARM SYSTEM is provided with a HIGH PRIORITY ALARM CONDITION, simulate a HIGH
PRIORITY ALARM CONDITION.

c¢) Using a microphone of the sound level meter complying with the requirements of type 1
instruments specified in IEC 61672-1:2002, measure the sound pressure levels
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— for STATIONARY and MOBILE ME EQUIPMENT, at least at positions 1, 3, 5, and 7, as
specified in Table F.1 of ISO 3744:2010, in a circular plane with a radius from the
vertical axis of the geometric centre of the ME EQUIPMENT equivalent to a mean
distance from the ME EQUIPMENT surfaces of 1 m and at an altitude of 1,5 m.

— for PORTABLE ME EQUIPMENT, at least at positions 2, 4, 6, 8, 10, and 12 as specified in
Table F.1 of ISO 3744:2010 in a hemisphere with a radius from the geometric centre of
the ME EQUIPMENT of 1 m.

d) The indicated sound pressure level when measuring BURSTS is corrected in accordance
with Clause C.3 of IEC 61672-1:2002 or a test PULSE of continuous duration is used for
purposes of the measurement or a test signal of continuous duration comprised of each
PULSE in the BURST without PULSE spacing (t;,=0s) is used for purposes of the
measurement.

e) Calculate the A-weighted sound pressure level averaged over the measurement surface
according to 8.2.2 of ISO 3744:2010.

f) If the ALARM SYSTEM is provided with a MEDIUM PRIORITY ALARM CONDITION, simulate a
MEDIUM PRIORITY ALARM CONDITION and repeat c) to e).

g) If the ALARM SYSTEM is provided with a LOW PRIORITY ALARM CONDITION, simulate a LOW
PRIORITY ALARM CONDITION and repeat c) to e).

h) Set the ALARM SIGNAL sound pressure level (volume level) to its minimum setting.
i) Repeatb) to g).

j) Verify that the A-weighted background level of extraneous noise, including any
INFORMATION SIGNALS, is at least 6 dB below that measured during the tests.

k) Verify that the measured sound pressure level range is in compliance with the values
indicated in the instructions for use.

6.3.3.3 * OPERATOR-adjustable sound pressure level

If an ALARM SYSTEM is provided with a HIGH PRIORITY ALARM CONDITION and an OPERATOR-
adjustable auditory ALARM SIGNAL sound pressure level, the instructions for use shall include a
warning to the effect that auditory alarm signal sound pressure levels that are less than
ambient levels can impede OPERATOR recognition of ALARM CONDITIONS and the ALARM SYSTEM
shall:

a) provide a restricted means for the RESPONSIBLE ORGANIZATION to configure the minimum
OPERATOR-adjustable auditory ALARM SIGNAL sound pressure level (see 6.7); or

b) provide a visual indication that the current sound pressure level might be inaudible when
the auditory ALARM SIGNAL sound pressure level is below a threshold that is configured:

— by a means restricted to the RESPONSIBLE ORGANIZATION (see 6.7); or
— by the MANUFACTURER.

This condition may be visually indicated (marked) with symbol IEC 60417-5576 (2002-11)
(see Symbol 5 of Table C.1). If this symbol is used as that visual indication, an
INFORMATION SIGNAL or other additional visual indication may be provided to distinguish
this state from AUDIO OFF.

An ALARM SYSTEM may be equipped with a dynamically algorithm-adjusted minimum auditory
ALARM SIGNAL sound pressure level. If equipped, the ALARM SYSTEM shall include a means,
accessible only to the RESPONSIBLE ORGANIZATION (see 6.7) to enable and disable the
algorithm-adjusted minimum auditory ALARM SIGNAL sound pressure level. If equipped, the
instructions for use shall describe the algorithm and the minimum and maximum levels.

EXAMPLE 1 An algorithm that sets the minimum auditory ALARM SIGNAL sound pressure level in response to
current ambient sound pressure levels, time of day, evidence of OPERATOR attendance or other variables.

EXAMPLE 2 An algorithm that escalates unresolved active auditory ALARM SIGNALS by increasing their sound
pressure level over time.

Compliance is checked by inspection.
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6.3.4 * Characteristics of verbal ALARM SIGNALS

When applicable, the MANUFACTURER shall address in the RISK MANAGEMENT PROCESS the RISKS
associated with verbal ALARM SIGNALS.

Compliance is checked by inspection of the RISK MANAGEMENT FILE.

6.4 * Disclosure of delays
6.4.1 * ALARM SYSTEM delays

If the sum of the maximum ALARM CONDITION DELAY plus the maximum ALARM SIGNAL
GENERATION DELAY is greater than 10 s, then the statistics of each distribution or statistics of
the distribution of the sum shall be disclosed in the instructions for use.

If the sum of the mean ALARM CONDITION DELAY plus the mean ALARM SIGNAL GENERATION DELAY
is greater than 5 s, then each delay or their sum shall be disclosed in the instructions for use.

Compliance is checked by inspection of the instructions for use.

6.4.2 * Delays to or from a DISTRIBUTED ALARM SYSTEM

If an ALARM SYSTEM is provided with a means to send or receive ALARM CONDITIONS in a
DISTRIBUTED ALARM SYSTEM:

a) the delay time from the onset of the ALARM CONDITION to the point that the representation
of the ALARM CONDITION leaves the SIGNAL INPUT/OUTPUT PART shall be disclosed in the
instructions for use; and

b) the maximum remote ALARM SIGNAL GENERATION DELAY or the time to determine the
| generation of the TECHNICAL ALARM CONDITION (see-6-44-2-2 item 6.11.2.2.1 b)) shall be
disclosed in the instructions for use.

For a DISTRIBUTED ALARM SYSTEM, the ALARM SIGNAL GENERATION DELAY may be measured and
reported, as applicable:

c) from the onset of the ALARM CONDITION;
d) from the time of the local ALARM SIGNAL generation;

e) to or from the point that the presentation of the ALARM CONDITION leaves the SIGNAL
INPUT/OUTPUT PART;

f) to or from the point that the presentation of the ALARM CONDITION arrives at the SIGNAL
INPUT/OUTPUT PART; Or

g) to the time of the remote ALARM SIGNAL generation.

Compliance is checked by functional testing and inspection of the instructions for use.

6.5 ALARM PRESETS

6.5.1 * General requirements

Any ALARM PRESET that uses mechanical adjustment is exempt from the requirements of 6.5.
Example 1 A switch that indicates the value of a set point.

An ALARM SYSTEM is exempt from the requirements of 6.5 if in NORMAL USE it:

a) can only retain current ALARM SETTINGS, and
b) does not otherwise provide ALARM PRESETS, and
c) displays each adjustable ALARM SETTINGS continuously.
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EXAMPLE 2 A simple monitor that always initializes with the previous ALARM LIMIT and that limit is continuously
displayed.

ALARM PRESETS shall include the ALARM LIMIT used to trigger each ALARM CONDITION and its
priority, or they shall be determined from information available to the ALARM SYSTEM
concerning the current PATIENT. ALARM PRESETS may include other parameters that affect or
modify performance of the ALARM SYSTEM.

EXAMPLE 3 An ALARM LIMIT calculated from entered data, e.g. PATIENT weight and gender.

EXAMPLE 4 An ALARM LIMIT calculated from current physiological status of the PATIENT, e.g. 1,2 times the current
heart rate.

The instructions for use shall contain a warning statement to the effect that a HAZARD can
exist if different ALARM PRESETS are used for the same or similar equipment in any single area,
e.g. an intensive care unit or cardiac operating theatre.

Compliance is checked by inspection of the ALARM SYSTEM and the instructions for use.

6.5.2 MANUFACTURER-configured ALARM PRESETS

An ALARM SYSTEM shall be provided with at least one MANUFACTURER-configured ALARM PRESET.

The ALARM LIMITS and a summary of any algorithms used in any MANUFACTURER-configured
ALARM PRESETS shall be disclosed in the instructions for use.

Compliance is checked by inspection of the ALARM SYSTEM and the instructions for use.

6.5.3 * RESPONSIBLE ORGANIZATION- and OPERATOR-configured ALARM PRESETS
6.5.3.1 ALARM SYSTEMS with one ALARM PRESET
If the ALARM SYSTEM can store only one ALARM PRESET:

a) means shall be provided to prevent the OPERATOR from saving changes to this ALARM
PRESET. Saving changes to this ALARM PRESET shall be restricted to the RESPONSIBLE
ORGANIZATION (see 6.7); and

b) means shall be provided to the RESPONSIBLE ORGANIZATION to restore the ALARM PRESET to
its MANUFACTURER-configured state.

Compliance is checked by inspection.

6.5.3.2 ALARM SYSTEMS with more than one ALARM PRESET

If the ALARM SYSTEM provides means to store or activate one or more RESPONSIBLE
ORGANIZATION-configured or OPERATOR-configured ALARM PRESETS in addition to any
MANUFACTURER-configured ALARM PRESETS:

a) means shall be provided for the OPERATOR to choose between the available ALARM
PRESETS;

b) means shall be provided for the OPERATOR to readily identify which ALARM PRESET is in
use;

c) the instructions for use shall contain a warning statement to the effect that the OPERATOR
should check that the current ALARM PRESET is appropriate prior to use on each PATIENT;

d) the means for configuration and storage of ALARM PRESETS shall be disclosed in the
ACCOMPANYING DOCUMENTS;
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e) means shall be provided to prevent the OPERATOR from saving changes to any
RESPONSIBLE ORGANIZATION-configured or MANUFACTURER-configured ALARM PRESET. Saving
changes to any RESPONSIBLE ORGANIZATION-configured or MANUFACTURER-configured ALARM
PRESET shall be restricted to the RESPONSIBLE ORGANIZATION (see 6.7);

f) means shall be provided to prevent an individual OPERATOR from saving changes to ALARM
PRESETS that were stored by any other OPERATOR (see 6.7); and

g) the ALARM SYSTEM may store the current ALARM SETTINGS for later recall.

EXAMPLE Temporary storage can permit a return to ALARM SETTINGS that were in use prior to choosing an ALARM
PRESET.

Compliance is checked by inspection.

6.5.4 DEFAULT ALARM PRESET
6.5.4.1 General requirements

If the DEFAULT ALARM PRESET can be set to values that differ from the MANUFACTURER-
configured values:

a) means shall be provided to prevent any OPERATOR from storing changes to the DEFAULT
ALARM PRESET. Storing changes to the DEFAULT ALARM PRESET shall be restricted to the
RESPONSIBLE ORGANIZATION (see 6.7); and

b) means shall be provided to the RESPONSIBLE ORGANIZATION to restore the DEFAULT ALARM
PRESET to its MANUFACTURER-configured values.

Compliance is checked by inspection.

6.5.4.2 * Selection of DEFAULT ALARM PRESET

Whenever:

a) the OPERATOR switches the ALARM SYSTEM on after an interval specified by the
MANUFACTURER as being longer than might be considered unintentional; or

b) the ALARM SYSTEM is enabled; or

c) the OPERATOR indicates to the ALARM SYSTEM, preferably through an “admit new PATIENT”
function, that a different PATIENT has been connected to the ALARM SYSTEM; or

d) power is restored to the ALARM SYSTEM after it has experienced a total loss of power
(SUPPLY MAINS and/or INTERNAL ELECTRICAL POWER SOURCE) beyond the time that it
automatically restores the ALARM SETTINGS (see 6.5.5);

then:

e) the DEFAULT ALARM PRESET shall be automatically selected; or

f) means shall be provided for the OPERATOR to select an ALARM PRESET; or

g) means may be provided for the OPERATOR to select the retained ALARM SETTINGS from the
previous use.

The MANUFACTURER shall disclose in the instructions for use an estimate of the duration of the
power interruption after which the ALARM SYSTEM is unable to restore the ALARM SETTINGS and
the subsequent behaviour of the ALARM SYSTEM.

Compliance is checked by observing the equipment’s ALARM SETTINGS, then temporarily
disconnecting the power source for a period exceeding that indicated in the instructions for
use and then inspecting the state of the ALARM SETTINGS. The mains switch, if provided, shall
remain in the ‘on’ position during this test. Inspect the ALARM SETTINGS and compare them to
the appropriate behaviour.
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6.5.5 * Interruptions of less than or equal to 30 s

When power is lost for less than or equal to 30 s, the ALARM SETTINGS prior to the power loss
shall be restored automatically. This behaviour shall be described in the instructions for use.

NOTE Power refers to external SUPPLY MAINS, any INTERNAL ELECTRICAL POWER SOURCE exchangeable in NORMAL
USE, or external batteries.

Compliance is checked by observing the ALARM SYSTEM’S operating mode and ALARM LIMIT(S),
then temporarily disconnecting the power source for 30 s — 3s + 0s. Then after power is
restored, compare the ALARM SETTINGS with those preceding the disconnection. The mains
switch, if provided, shall remain in the "on" position during this test.

6.6 ALARM LIMIT
6.6.1 General requirements

An ALARM LIMIT may be non-adjustable, a simple OPERATOR-adjustable setpoint or an
algorithmically determined criterion.

Compliance is checked by inspection.

6.6.2 * Adjustable ALARM LIMIT
6.6.2.1 Indication of OPERATOR-adjustable ALARM LIMIT

If an OPERATOR-adjustable ALARM LIMIT is provided, the ALARM LIMIT shall be indicated
continuously or by OPERATOR action. The means of control to display the ALARM LIMITS may be
visually indicated (marked) with symbol IEC 60417-5649 (2002-10) (see symbol 10 of Table
C.1), IEC 60417-5650 (2002-10) (see symbol 11 of Table C.1) or IEC 60417-5651 (2002-10)
(see symbol 12 of Table C.1), as appropriate.

Compliance is checked by inspection.

6.6.2.2 * Indication of automatically set ALARM LIMIT

An ALARM LIMIT may be automatically set, with or without OPERATOR action, to ranges or
percentages above or below:

a) the value of a monitored variable at a point in time; or
b) recent values of a monitored variable; or

c) a current control setting.

If such an automatically set ALARM LIMIT is provided, its value shall be indicated continuously
or by OPERATOR action, unless:

d) this ALARM LIMIT is obvious from the associated control setting and the behaviour is
described in the instructions for use; or

e) the ALARM LIMIT is determined by an INTELLIGENT ALARM SYSTEM (see 6.2).

Compliance is checked by functional testing and inspection of the instructions for use.

6.6.2.3 * ALARM SYSTEM operation during adjustment of ALARM LIMIT or ALARM PRESET

During adjustment of any ALARM LIMIT or OPERATOR-adjustable ALARM PRESET, the ALARM
SYSTEM shall continue to operate normally.

Compliance is checked by functional testing.
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6.7 * ALARM SYSTEM security

Means of restricting access to changing or to the storage of changes shall be described in the
technical description (see 6.3.3.1, 6.3.3.3, 6.5.3.1, 6.5.3.2, 6.5.4.1, 6.8.2 b) and c), 6.8.3 b),
6.8.5,6.10 and 6.11.2.2.1):

EXAMPLE 1 Access controlled by a tool.

EXAMPLE 2 Access controlled by RESPONSIBLE ORGANIZATION password and a technical description that is
separate from the instructions for use.

EXAMPLE 3 Access controlled by individual OPERATOR password.

NOTE 1 For a password to be considered secure, the owner of the password needs to be capable of changing the
password.

EXAMPLE 4 Access controlled by voice recognition.
EXAMPLE 5 Access controlled by fingerprints.

NOTE 2 Multiple means of restriction can be needed, e.g., one for the RESPONSIBLE ORGANIZATION and one for
each OPERATOR.

Compliance is checked by inspection of the technical documentation.

6.8 * ALARM SIGNAL inactivation states
6.8.1 * General

Means shall be provided for the OPERATOR to inactivate the auditory, or the visual and
auditory, generation of ALARM SIGNALS. Means may be provided to inactivate the generation of
other ALARM SIGNALS. Inactivation may apply to an individual ALARM CONDITION, to a group of
ALARM CONDITIONS, to the entire ALARM SYSTEM or to any part of a DISTRIBUTED ALARM SYSTEM.
The inactivation of the generation of ALARM SIGNALS may be indefinite (i.e., ALARM OFF, AUDIO
OFF) or indeterminate (indefinite ACKNOWLEDGED) or timed (i.e., ALARM PAUSED, AUDIO PAUSED

or timed ACKNOWLEDGED).—Flashing—visual-ALARM—SIGNALS—specified—in—6-3-2.2—may—be

Means shall be provided for the OPERATOR to determine the ALARM CONDITIONS for which
ALARM SIGNALS are inactivated.

NOTE 1 A group can be predetermined or not.
EXAMPLE 1 All ventilation ALARM CONDITIONS.

EXAMPLE 2 TFhe-AtARM-SIGNALS-of all-currently-active- ALARM-CONDITHIONS- An ALARM SYSTEM that has not received
valid data since it was enabled (e.g. after power-up or before a PATIENT has been connected).

NOTE 2 Additional requirements regarding global ALARM OFF or AUDIO OFF are found in 6.8.3.

If ALARM SIGNAL inactivation applies to an individual ALARM CONDITION or a group of ALARM
CONDITIONS, the generation of ALARM SIGNALS from other ALARM CONDITIONS shall be
unaffected.

AUDIO PAUSED or AUDIO OFF shall not inactivate the 1 m visual ALARM SIGNALS specified in
6.3.2.2.2.

AUDIO PAUSED or AUDIO OFF may inactivate some or all of the 4 m visual ALARM SIGNALS
specified in 6.3.2.2.1 or may cause DE-ESCALATION of the ALARM CONDITION priority.

NOTE 3 An INTELLIGENT ALARM SYSTEM can use the OPERATOR’S activation of AUDIO PAUSED or AUDIO OFF to cause
DE-ESCALATION or to re-evaluate the need for an ALARM CONDITION.

ACKNOWLEDGED, if provided, shall inactivate the auditory ALARM SIGNALS of currently active
ALARM CONDITIONS and shall not affect the ALARM SIGNALS of inactive ALARM CONDITIONS.
ACKNOWLEDGED shall terminate automatically, ALARM CONDITION by ALARM CONDITION, when the
affected ALARM CONDITION no longer exists. See also 6.8.4.

A timed ACKNOWLEDGED shall terminate after a defined duration. An indefinite ACK L
shall not terminate after a defined duration. Iﬁ%&iﬁl‘:ﬁents
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ACKNOWLEDGED shall not inactivate the 1 m visual ALARM SIGNALS specified in 6.3.2.2.2.

ACKNOWLEDGED may inactivate some or all of the 4 m visual ALARM SIGNALS specified in
6.3.2.2.1.

ACKNOWLEDGED may cause the DE-ESCALATION of the ALARM CONDITION priority, including DE-
ESCALATION of the ALARM SIGNALS of a LOW PRIORITY ALARM CONDITION into an INFORMATION
SIGNAL.

Compliance is checked by inspection and functional testing.

6.8.2 * REMINDER SIGNALS

The ALARM SYSTEM may be provided with a REMINDER SIGNAL. If an ALARM SYSTEM is provided
with a REMINDER SIGNAL:

a) the nature of the REMINDER SIGNAL and the intervals between REMINDER SIGNALS shall be
disclosed in the instructions for use;

b) the ALARM SYSTEM shall include a means, accessible only to the RESPONSIBLE
ORGANIZATION (see 6.7):

- to enable and disable the REMINDER SIGNAL; and
- to configure the maximum REMINDER SIGNAL interval, if adjustment is provided.

c) the ALARM SYSTEM may include a means, accessible only to the RESPONSIBLE ORGANIZATION
(see 6.7):

- to permit designated (see 6.7) OPERATORS to enable and disable the REMINDER SIGNAL;
- to permit any OPERATOR to enable and disable the REMINDER SIGNAL.

Compliance is checked by inspection.

6.8.3 * Global indefinite ALARM SIGNAL inactivation states

If deemed acceptable by RISK ASSESSMENT with regard to the intended environment of use of
the ALARM SYSTEM, a global ALARM OFF or AUDIO OFF may be provided. If an ALARM SYSTEM is
provided with a global ALARM OFF or AUDIO OFF, the ALARM SYSTEM shall be provided with:

a) a REMINDER SIGNAL; and

b) means to configure (enable or disable) any global ALARM OFF or AUDIO OFF. Such means
shall be restricted to the RESPONSIBLE ORGANIZATION and shall prevent the clinical
OPERATOR from changing the configuration in NORMAL USE (see 6.7).

ON M M-V m M-COR ONS- For the purposes of this standard
a global ALARM OFF or AUDIO OFF ALARM SIGNAL inactivation state can affect all ALARM CONDITIONS or all
PHYSIOLOGICAL ALARM CONDITIONS in an ALARM SYSTEM.

NOTE 2 See also 6.8.2 for requirements for REMINDER SIGNALS.

Compliance is checked by inspection.

6.8.4 * Termination of inactivation of ALARM SIGNALS

Means shall be provided for the OPERATOR to terminate any ALARM SIGNAL inactivation state.

An ALARM SIGNAL |nact|vat|on state may termlnate automatlcally—when—the—AEARM—eeND#LeN
ALARM CONDITION by

ALARM CONDITION, when the affected ALARM CONDITION no longer eX|sts.

EXAMPLE 1 A non-latching PHYSIOLOGICAL ALARM CONDITION automatically terminates when the monitored

parameter returns within its ALARM LIMITS.
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EXAMPLE 2 When an ALARM CONDITION has been ACKNOWLEDGED, the resulting state automatically terminates
when the underlying ALARM CONDITION no longer exists.

When an ALARM SIGNAL |nact|vat|on state |s termlnated —the—AI:AF%M—Sl-GNAL%—Gf—aﬂ—y—eH-FFem

: ‘ the ALARM SYSTEM shall re-
evaluate the need for ALARM CONDITIONS and generate ALARM SIGNALS if appropriate.

Compliance is checked by functional testing.

6.8.5 * Indication and access

‘ The ALARM SIGNAL inactivation states AUDIO PAUSED, ALARM PAUSED, AUDIO OFF, ALARM OFF and
ACKNOWLEDGED shall be visually indicated (marked) with the appropriate symbol referenced in
Table 5. This indication shall be perceived correctly (be legible) at a distance of 1 m from the
equipment or part of the equipment or from the OPERATOR’S POSITION.

The means of control used to enter one of the ALARM SIGNAL inactivation states may be
marked with a symbol referenced in Table 5. If a symbol that is referenced in Table 5 is used,
it shall initiate the associated ALARM SIGNAL inactivation state.

| The duration of AUDIO PAUSED, ALARM PAUSED or a timed ACKNOWLEDGED, if provided, shall be
disclosed in the instructions for use.

| If the AUDIO PAUSED, ALARM PAUSED or a timed ACKNOWLEDGED interval is OPERATOR adjustable,
means to adjust the maximum interval shall only be provided to the RESPONSIBLE
ORGANIZATION (see 6.7) and means may be provided for the OPERATOR to adjust the interval up
to the maximum interval.

Compliance is checked by inspection.

Table 5 — ALARM SIGNAL inactivation states

S Durati Vicualindicat Mark : : ronal
{(marking) -
{ °|slme } Table C-4) Table C.2)
{row of symbolin
Table C-1)
AUBIO-PAUSED Fime limited 6 6 4
T o 4-or 4 2
AUBIO-OFF Indefinite 5 5 3
fini 3-or 3 4
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ALARM SIGNAL Usual Visual indication Marking of controls (optional)
inactivation state termination (marking) :
event of state (row of symbol (row of marking
(mandatory) in Table C.1) in Table C.2)
(row of symbol
in Table C.1)
AUDIO PAUSED Time interval elapsed 6 6 1
ALARM PAUSED Time interval elapsed 4 or 4 2
P (4 and 6)
AUDIO OFF OPERATOR action 5 5 3
ALARM OFF OPERATOR action 3 or 3 4
(3 and 5)
Indefinite ALARM CONDITION no 5 or 7 or 6
ACKNOWLEDGED longer exists 8 8
oo | eor :
ACKNOWLEDGED '9 9 9
interval elapsed

6.9 * ALARM RESET

The means of ALARM RESET may be marked with symbol IEC 60417-5309 (DB-2002-10) (see
symbol 2 of Table C.1) or marking 5 of Table C.2.

Compliance is checked by inspection.

6.10 * NON-LATCHING and LATCHING ALARM SIGNALS

A NON-LATCHING ALARM SIGNAL shall automatically cease being generated when its triggering
event no longer exists. A LATCHING ALARM SIGNAL shall continue to be generated after its
triggering event no longer exists. An ALARM SYSTEM may consist of a mixture of LATCHING
ALARM SIGNALS and NON-LATCHING ALARM SIGNALS.

NOTE 1 An INTELLIGENT ALARM SYSTEM can decrease the priority of a LATCHING ALARM SIGNAL.

In the case of an ALARM CONDITION of short duration, a MEDIUM PRIORITY auditory ALARM SIGNAL
shall complete at least one full BURST and a HIGH PRIORITY auditory ALARM SIGNAL shall
complete one half of one full BURST, unless inactivated by the OPERATOR.

NOTE 2 If the ALARM CONDITION clears quickly, the OPERATOR might be unable to discover what event triggered
the ALARM CONDITION. Alternatives include:

— a visual ALARM SIGNAL that indicates the specific ALARM CONDITION and which continues to be generated for a
limited period of time (e.g., 30 s) after the ALARM CONDITION has cleared;

— an ALARM CONDITION log that the OPERATOR can view, print, or record;

— an ALARM CONDITION trend that the OPERATOR can view, print, or record.
Auditory ALARM SIGNALS shall cease being generated when:

a) an OPERATOR has initiated the AUDIO PAUSED, AUDIO OFF, ACKNOWLEDGED, ALARM PAUSED or
ALARM OFF state; or

b) an OPERATOR has ALARM RESET the ALARM CONDITION.

Means shall be provided to prevent the OPERATORS from selecting between LATCHING and NON-
LATCHING ALARM SIGNALS. The selection between LATCHING and NON-LATCHING ALARM SIGNALS
shall be restricted to the RESPONSIBLE ORGANIZATION (see 6.7).

Compliance is checked by functional testing.
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6.11 * DISTRIBUTED ALARM SYSTEM
6.11.1 * Existence of DISTRIBUTED ALARM SYSTEM

The details necessary for the safe use of a DISTRIBUTED ALARM SYSTEM shall be disclosed in
the technical description. A DISTRIBUTED ALARM SYSTEM is a permitted form of an ALARM
SYSTEM.

An ALARM SYSTEM is permitted to send or receive data, including the indication of INFORMATION
SIGNALS and ALARM CONDITIONS, to or from other parts of a DISTRIBUTED ALARM SYSTEM. A
DISTRIBUTED ALARM SYSTEM is permitted to be located outside of the PATIENT ENVIRONMENT.
Part(s) of a DISTRIBUTED ALARM SYSTEM are permitted to be located outside of the PATIENT
ENVIRONMENT. Data are permitted to be transmitted between different parts of a DISTRIBUTED
ALARM SYSTEM by wire, by telemetry or by other means.

EXAMPLE 1 A central station.

EXAMPLE 2 An electronic record-keeping device.

EXAMPLE 3 Remote viewing from home or office.

EXAMPLE 4 Bed-to-bed viewing of ALARM CONDITIONS (e.g. one nurse for two beds).

EXAMPLE 5 Transmission of ALARM CONDITIONS to pagers, cell-phones, hand-held computers, etc.

Compliance is checked by inspection of the technical description.

6.11.2 Requirements for DISTRIBUTED ALARM SYSTEM communication of ALARM CONDITIONS
6.11.2.1 Source and identification of ALARM CONDITIONS

In a DISTRIBUTED ALARM SYSTEM, means shall be provided to identify the source of the remote
ALARM CONDITION at every site of ALARM SIGNAL generation.

NOTE ALARM SIGNALS that indicate urgency of the response required, categorization of the cause of the ALARM
CONDITION and identification of PATIENT, equipment or PATIENT'S location should also be generated by the
DISTRIBUTED ALARM SYSTEM.

Compliance is checked by inspection.

6.11.2.2 * Failure of remote communication of ALARM CONDITIONS

6.11.2.2.1 * DISTRIBUTED ALARM SYSTEM intended for confirmed delivery of ALARM
CONDITIONS

A DISTRIBUTED ALARM SYSTEM intended for confirmed delivery of ALARM CONDITIONS shall be so
designed that a communications failure or failure in any remote part of the DISTRIBUTED ALARM
SYSTEM:

a) shall not adversely affect any part of the DISTRIBUTED ALARM SYSTEM other than the loss of
the distributed functionality; and

b) shall:
1) initiate a TECHNICAL ALARM CONDITION in the affected source ME EQUIPMENT; and

NOTE 1 The ALARM SYSTEM should provide means for the OPERATOR to inactivate the auditory ALARM SIGNALS
of this TECHNICAL ALARM CONDITION.

2) initiate a TECHNICAL ALARM CONDITION for any affected remote parts of the Eb’STRIBUTED
ALARM SYSTEM that can generate ALARM SIGNALS. ocuments
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NOTE 2 MANUFACTURERS should take care in the design of ME EQUIPMENT to ensure that it reverts to a safe mode
of operation, which can include ESCALATION of the volume of auditory ALARM SIGNALS or utilization of a redundant
communication pathway.

Compliance is checked by functional testing and inspection of the ALARM SYSTEM.

6.11.2.2.2  * DISTRIBUTED ALARM SYSTEM not intended for confirmed delivery of ALARM
CONDITIONS

A DISTRIBUTED ALARM SYSTEM not intended for confirmed delivery of ALARM CONDITIONS shall be
so designed that a communications failure or failure in any remote part of the DISTRIBUTED
ALARM SYSTEM:

a) shall not adversely affect any part of the DISTRIBUTED ALARM SYSTEM other than the loss of
the distributed functionality; and

b) any remote part of a DISTRIBUTED ALARM SYSTEM that cannot comply with 6.11.2.2.1 shall
be marked with a warning to the effect that it shall not be relied upon for receipt of ALARM
SIGNALS.

EXAMPLE A one-way paging system requires such a warning.

NOTE Inability to successfully send or receive ALARM CONDITIONS or INFORMATION SIGNALS is considered a failure.

Compliance is checked by functional testing and inspection of the ALARM SYSTEM.

6.11.2.2.3 * ME EQUIPMENT with a global AUDIO OFF in a DISTRIBUTED ALARM SYSTEM

If there is a communications failure between the ME EQUIPMENT with a global AuDIO OFF and
the DISTRIBUTED ALARM SYSTEM intended for OPERATOR notification and confirmed delivery of
ALARM CONDITIONS, the affected source ME EQUIPMENT shall terminate the global AUDIO OFF
state, if active.

If the OPERATOR subsequently activates AuUDIO OFF or a global AUDIO OFF in the source
ME EQUIPMENT, continuing failure of the link need not cause additional auditory ALARM SIGNALS.

Compliance is checked by functional testing and inspection of the ALARM SYSTEM.

6.11.2.3 * Remote ALARM SYSTEM controls

A DISTRIBUTED ALARM SYSTEM may provide remote OPERATOR access to some or all ALARM
SYSTEM controls. If provided:

a) the ALARM SYSTEM shall provide a means for the RESPONSIBLE ORGANIZATION to restrict
remote OPERATOR access to the available remote controls; and

b) such means shall be restricted to the RESPONSIBLE ORGANIZATION, preventing the clinical
OPERATOR from changing the configuration (see 6.7).

Compliance is checked by functional testing and inspection of the ALARM SYSTEM.

6.12 * ALARM-GONDITION SYSTEM logging

If an ALARM SYSTEM is provided with-a-teg-of-the occcurrence of ALARM-CONDITIONS an ALARM
SYSTEM log:

a) the ALARM SYSTEM shall log the occurrence and identity of HIGH PRIORITY ALARM CONDITIONS
and;

the date and time, or

the elapsed time since the occurrence of the ALARM CONDITION, or

the elapsed time from the start of use of the ME EQUIPMENT;
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b) the instructions for use shall indicate whether the log is maintained when the ALARM
SYSTEM is powered down and whether or not the time of powering down is captured in the
log;

c) the instructions for use shall indicate what happens to the contents of the log after the
ALARM SYSTEM has experienced a total loss of power (SUPPLY MAINS and/or INTERNAL
ELECTRICAL POWER SOURCE) for a finite duration;

d) the instructions for use shall indicate what happens to the contents of the log as it reaches
capacity; and
EXAMPLE 1 The ALARM SYSTEM generates a TECHNICAL ALARM CONDITION when the log becomes full.
EXAMPLE 2 The ALARM SYSTEM discards the oldest data when the log becomes full.

e) the ALARM SYSTEM should log every ALARM CONDITION, including the date and time of

beginning and end as well as the associated ALARM LIMITS, if OPERATOR-adjustable, for that
ALARM CONDITION and, where feasible, the data that caused the ALARM CONDITION;

f) the ALARM SYSTEM should log TECHNICAL ALARM CONDITIONS for servicing and maintenance
purposes. This log should not be resettable or editable by OPERATOR action.

Compliance is checked by inspection.
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Annex A
(informative)

General guidance and rationale

A.1  General guidance

A.11 Overview

This annex provides a rationale for the important requirements of this collateral standard. Its
purpose is to promote effective application of the standard by explaining the reasons for the
requirements, providing examples of how they address certain alarm-related HAZARDS and
providing additional guidance where appropriate.

From the standpoint of PATIENT safety, ALARM SYSTEMS can be hazardous for PATIENTS or
OPERATORS if they fail to effectively warn of potential or actual HAZARDS, cause inappropriate
responses, reduce vigilance or interfere with the performance of the OPERATOR, RESPONSIBLE
ORGANIZATION, or other persons.

In addition, in this annex text in italics indicates guidance that describes means to achieve the
safety objectives of this collateral standard.

A.1.2 ALARM SYSTEMS

As part of the RISK MANAGEMENT PROCESS, the MANUFACTURER identifies RISK CONTROL
measure(s) that are appropriate for reducing the RISK(S) to an acceptable level.

RISK CONTROL consists of an integrated approach in which the MANUFACTURER uses one or

more of the following in the priority order listed.

a) inherent safety by design;

b) protective measures in the equipment;

c) information for safety, e.g., warnings and instructions for use, values of monitored
variables.

ALARM SYSTEMS as described in this collateral standard, address b) and c) above by
communicating information that requires a response or awareness by the OPERATOR. The
following general principles apply.

d) The ALARM SYSTEM should result in a greater probability that the OPERATOR will correctly
detect and appropriately respond to the condition that requires their awareness or action
than would be the case in the absence of the ALARM SIGNALS.

NOTE Causing too many ALARM SIGNALS from FALSE POSITIVE ALARM CONDITIONS can reduce the effectiveness
of an ALARM SYSTEM.

e) ALARM SIGNALS should indicate the onset and continuing presence of an ALARM CONDITION.

f) ALARM CONDITIONS should be prioritized based on the urgency of the required OPERATOR
response (or awareness).

g) ALARM SIGNALS should help the OPERATOR:
— determine the urgency of the response required;
— locate the room or part of the room where a response or awareness is required;
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— locate the specific PATIENT or equipment where a response or awareness is required,;
— determine or categorize the cause of the ALARM CONDITION; and
— determine or categorize the nature of the response or awareness that is required.

h) The algorithms that determine ALARM CONDITIONS should be designed to minimize the
number of FALSE NEGATIVE and FALSE POSITIVE ALARM CONDITIONS. Both FALSE NEGATIVE and
FALSE POSITIVE ALARM CONDITIONS are potentially hazardous. Too many true positive but
unhelpful ALARM SIGNALS can result in inappropriate OPERATOR action or reduce vigilance.
Algorithms that determine ALARM CONDITIONS should be carefully optimized to provide, on
balance, an overall benefit to PATIENT care.

i) ALARM SYSTEMS that are continuously attended by an OPERATOR in NORMAL USE should have
different characteristics from ALARM SYSTEMS that are unattended by the OPERATOR in
NORMAL USE.

j)  The design of an ALARM SYSTEM should be based on the TRAINING and skill of the OPERATOR
who is intended to use it.

k) The ALARM SYSTEM should reflect the problems and needs of the intended environment of
use.

I) ALARM SIGNALS should not be excessively intrusive or degrade the performance of the
OPERATOR.

A1.3 Algorithm quality and performance

ALARM SYSTEM algorithms should aim at approaching 100 % sensitivity and 100 %
specificity. [7],[8],[9],[10] The leading reason for disabling ALARM SIGNALS is the large number
of ALARM SIGNALS associated with FALSE POSITIVE ALARM CONDITIONS, unhelpful ALARM
CONDITIONS, or nuisance ALARM CONDITIONS. Nuisance ALARM CONDITIONS are true positives
that are unhelpful because they indicate states that the OPERATOR is already aware of or does
not need to know about. [11] They commonly occur when the ALARM LIMITS have been set
inappropriately close to an acceptable value but also occur when multiple redundant ALARM
CONDITIONS occur in response to a single underlying problem. Often, ALARM SIGNALS are more
confusing than enlightening. Many OPERATORS respond to ALARM SIGNALS by disabling the
ALARM SYSTEM or by adjusting an ALARM LIMIT to such an extreme value that the ALARM SYSTEM
is effectively disabled. [12]

Where practical, MANUFACTURERS or writers of particular standards are encouraged to utilize
standardized physiological databases to validate the algorithms used to determine ALARM
CONDITIONS. Determining and reporting the FALSE POSITIVE and FALSE NEGATIVE ALARM
CONDITION accuracy in a standardized format allows OPERATORS and RESPONSIBLE
ORGANIZATIONS to understand the performance of equipment.

EXAMPLE ANSI/AAMI EC57:1998, Testing and reporting performance results of cardiac rhythm and ST segment
measurement algorithms.[5]

Other techniques to reduce the number of FALSE POSITIVE and FALSE NEGATIVE ALARM
CONDITIONS include:

a) marking the ALARM SYSTEM with symbol ISO 7000-0435 when an algorithm cannot classify
or resolve the available data; or

b) using an ALARM CONDITION DELAY to delay the generation ALARM SIGNALS for an ALARM
CONDITION to ensure that it remains valid.

A.2 Rationale for particular clauses and subclauses

The following are rationales for specific clauses and subclause in this collateral standard, with
clause and subclause numbers parallel to those in the body of the document.
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Clause 1 — Scope, object and related standards

This collateral standard provides the general requirements for the implementation of ALARM
SYSTEMS in ME EQUIPMENT and ME SYSTEMS to provide information necessary for the safety of
PATIENTS, OPERATORS and others involved with PATIENT care. As the urgency of the
OPERATOR'S attention is dependent on the cause of the ALARM CONDITION, this collateral
standard specifies ALARM CONDITION priorities and their ALARM SIGNAL characteristics so that
the OPERATOR can perceive the urgency of the situation and the necessary action independent
of the type, brand, etc. of the ME EQUIPMENT that is generating ALARM SIGNALS. [13], [14], [15],
[16] In addition, a standardized unambiguous ALARM SYSTEM vocabulary is presented as a
means to improve PATIENT safety that will be used in ME EQUIPMENT and ME SYSTEM design and
markings as well as in the ACCOMPANYING DOCUMENTS.

Because this standard applies equally to simple INTERNAL ELECTRICAL POWER SOURCE operated
or home-care ME EQUIPMENT as well as complex-LHFE-SURPPORTING ME EQUIPMENT or ME SYSTEMS
that include at least one function intended actively to keep alive or resuscitate a PATIENT, it
has not been possible to provide specific requirements for many important issues. Particular
standards should provide, as appropriate, more detailed requirements for their equipment
category. The nomenclature and basic requirements of this standard should ensure a
consistent approach for ALARM SYSTEMS across a wide range of equipment types.

Definition 3.1 — ALARM CONDITION

One consideration was the fact that an ALARM SYSTEM might generate ALARM SIGNALS for an
ALARM CONDITION when no valid ALARM CONDITION existed (i.e. a FALSE POSITIVE ALARM
CONDITION). A second was the issue that non-numerical values or conditions, or the use of an
INTELLIGENT ALARM SYSTEM, might be used to determine the presence of an ALARM CONDITION,
yet these factors might not have been included in previous definitions of ALARM LIMIT.

On this basis, the committee defined ALARM CONDITION as: “state of the ALARM SYSTEM when it
has determined that a potential or actual HAZARD exists.” This definition recognizes that the
ALARM SYSTEM can be correct or incorrect in its determination. It also indicates that this state
will cause the ALARM SYSTEM, if it is enabled, to generate ALARM SIGNALS for the ALARM
CONDITION to bring about OPERATOR response or awareness.

The committee then defined ALARM LIMIT as: “threshold used by an ALARM SYSTEM to determine
an ALARM CONDITION.” The obvious example would be a numerical threshold (such as a
threshold for a high heart rate ALARM CONDITION), but some thresholds might be non-
numerical. Non-numerical conditions, such as a switch in the incorrect position, failure of the
OPERATOR to enter certain data or the failure of the ALARM SYSTEM, can also cause an ALARM
CONDITION. Furthermore, an INTELLIGENT ALARM SYSTEM can be used to determine an ALARM
CONDITION, using an algorithm rather than a simple threshold value. Such an algorithm may
have multiple inputs, perform logic-based or time-dependent averaging, use intelligent
artefact filtering or employ other techniques so that the actual threshold changes over time or
in response to other circumstances.

Definition 3.2 — ALARM CONDITION DELAY

Filtering in the algorithm that is monitoring for an ALARM CONDITION often causes ALARM
CONDITION DELAY. For instance, a heart rate monitor can average the R-R interval for several
heartbeats. An abrupt change in R-R interval will not immediately cause a heart rate ALARM
CONDITION because it will take several consecutive heartbeats for the calculated heart rate to
exceed the ALARM LIMIT. Similarly, a median filter will cause an ALARM CONDITION DELAY. See
also the rationale for Subclause 6.10.
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Definition 3.3 — ALARM LIMIT

ALARM LIMIT refers to the criteria that cause the ALARM SYSTEM to generate ALARM SIGNALS. For
a simple variable with a single level of urgency, a value selected by the OPERATOR can
constitute the ALARM LIMIT. ALARM LIMIT can also refer to algorithmically determined criteria,
the exact nature of which the OPERATOR cannot be aware, as well as the criteria structure
applicable to a simple ALARM CONDITION variable for which there are multiple urgencies. See
also the rationale for Definition 3.1.

Definition 3.5 — ALARM PAUSED

An OPERATOR can use ALARM PAUSED to avoid nuisance generation of ALARM SIGNALS before
performing an action that is known to likely cause an ALARM CONDITION.

EXAMPLE 1 Intentional disconnection of a PATIENT breathing circuit to perform suction of the trachea.

EXAMPLE 2 Opening a transducer to air for zero calibration.
Definition 3.10 — ALARM SIGNAL GENERATION DELAY

Operating systems, microprocessor speed, software or network performance can influence the
time between the onset of the ALARM CONDITION and generation of ALARM SIGNALS. If the delay
is significant, the OPERATOR needs to know not only the mean time but also the distribution of
times of the ALARM SIGNAL GENERATION DELAY, since with modern equipment it cannot always
be possible to determine the absolute maximum time. If equipment is provided with a
DISTRIBUTED ALARM SYSTEM, this duration should be for a typical set-up in its intended area of
use. Problems that can be beyond the control of the MANUFACTURER include the speed and
throughput of the network components. See also the rationale for Definition 3.2.

Definition 3.17 — DISTRIBUTED ALARM SYSTEM

In simple equipment, ALARM CONDITIONS are detected, processed and ALARM SIGNALS are
generated within that single piece of equipment. Typical examples would be a stand-alone
PATIENT monitor or a stand-alone ventilator.

In networked equipment, in a system of devices with a central station, or with devices that
generate ALARM SIGNALS for caregivers (OPERATORS) at some distance from the PATIENT, more
complicated ALARM SYSTEMS are used.

In a DISTRIBUTED ALARM SYSTEM one of the following takes place in different parts of the
ME SYSTEM:

a) the detection of an ALARM CONDITION;

b) the processing of an ALARM CONDITION; or

C) generation of ALARM SIGNALS.

A DISTRIBUTED ALARM SYSTEM typically comprises at least two devices:

d) equipment which detects and processes ALARM CONDITIONS and that is generally
connected directly to the PATIENT, and

e) a remote device (part of a ME SYSTEM) that generates ALARM SIGNALS and that may or may
not be in the vicinity of the PATIENT.

Thus in a network of bedside PATIENT monitors, one bedside PATIENT monitor can generate
ALARM SIGNALS for ALARM CONDITIONS from a different bedside PATIENT monitor. A central
station can generate ALARM SIGNALS for ALARM CONDITIONS from multiple PATIENTS. A two-way
wireless communication system can generate ALARM SIGNALS for ALARM CONDITIONS to a
caregiver in an area far removed from the PATIENT. All these are examples of DISTRIBUTED
ALARM SYSTEMS.
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A central station that processes incoming analog or digital signals from multiple PATIENTS and
passes ALARM CONDITIONS back to bedside ME EQUIPMENT for generation of ALARM SIGNALS is a
DISTRIBUTED ALARM SYSTEM.

Definition 3.23 — INFORMATION SIGNAL

ALARM SIGNALS are only generated because of the presence of ALARM CONDITIONS. In contrast,
INFORMATION SIGNALS are those which are generated regardless of whether or not an ALARM
CONDITION is present, e.g. the tone of the pulse oximeter, the tone of the electrocardiograph,
the waveform of the electrocardiograph, the heart rate numeric. INFORMATION SIGNALS are
independent of ALARM CONDITIONS, although INFORMATION SIGNALS can frequently convey
information that is “alarming” to the OPERATOR.

EXAMPLE 1 The decreasing tonal frequency of the auditory INFORMATION SIGNAL of some pulse oximeters. The
decreased tone is “alarming” to the OPERATOR, but in itself is not an ALARM SIGNAL.

EXAMPLE 2 An electrocardiograph waveform indicating ventricular fibrillation.
EXAMPLE 3 A heart rate of 20 beats per minute.

Definition 3.24 — INTELLIGENT ALARM SYSTEM

An INTELLIGENT ALARM SYSTEM can use one or more variables or patterns of a variable or
variables to make decisions that determine the presence or absence of an ALARM CONDITION
and its priority. INTELLIGENT ALARM SYSTEM methodologies can include but are not restricted to
analysis of trends, limit comparisons, data redundancy, data fusion, rules, fuzzy logic
controllers and neural networks. INTELLIGENT ALARM SYSTEMS are also known as smart ALARM
SYSTEMS.

Definition 3.34 — REMINDER SIGNAL (see also-AAA-201.8-1 the rationale for 6.8.1) ‘

A REMINDER SIGNAL reminds an OPERATOR that an ALARM CONDITION still exists although an
ALARM SIGNAL is not being generated because it has been previously—ackrowledged ‘
inactivated by an ALARM SIGNAL inactivation state. Appropriate application of REMINDER
SIGNALS should reduce the chance that the ALARM SYSTEM is unintentionally left in an ALARM
SIGNAL inactivation state, thereby reducing the incidence of FALSE NEGATIVE ALARM CONDITIONS,
without unreasonably increasing the chance that the REMINDER SIGNAL will itself be a nuisance
signal.

A REMINDER SIGNAL should be considered when the equipment is expected to have multiple
OPERATORS or when the equipment is expected to be unattended by an OPERATOR in NORMAL
USE.

There are two possible modes of operation for a REMINDER SIGNAL. In the first mode, the
REMINDER SIGNAL signals periodically when the ALARM SYSTEM is in an ALARM SIGNAL
inactivation state, whether or not any ALARM CONDITION is present. In the second mode, the
REMINDER SIGNAL signals only when the ALARM SYSTEM is in an ALARM SIGNAL inactivation state
and an ALARM CONDITION is present.

The second mode provides the advantage of less signal pollution in the healthcare
environment. There is a HAZARD with the second mode, however, if the OPERATOR forgets to
enable the generation of ALARM SIGNALS at the appropriate time.

An example of this situation is when an intubated and ventilated PATIENT requires suctioning

in a critical care unit. In order to perform the suctioning, the ventilator is disconnected from

the PATIENT. This would cause several ALARM SIGNALS to be generated. The time to repeatedly

suction the PATIENT can take longer than the maximum AUDIO PAUSE interval and the OPERATOR

would instead choose the AUDIO OFF state. After the suctioning is finished, the OPERATOR

would have no auditory ALARM SIGNAL. In this situation, it might be preferable to have a
REMINDER SIGNAL that the ALARM SYSTEM was put into AUDIO OFF state. After suctioning the

PATIENT, the OPERATOR would hear the REMINDER SIGNAL and would be reminded tegatermij

the AUDIO OFF state. DSE“?’tﬁentS
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In other settings, however, the second mode might be appropriate.

Definition 3.37 — ACKNOWLEDGED

The ALARM SIGNAL inactivation state ACKNOWLEDGED differs significantly from the global AubiO
OFF or AUDIO PAUSE. Therefore using the same indication for either AUDIO OFF or AUDIO PAUSE
and for this inactivation state would lead to confusion.

When initiating the state ACKNOWLEDGED, the OPERATOR is explicitly acknowledging the
presence of the existing ALARM CONDITIONS while at the same time allowing the ALARM SYSTEM
to generate ALARM SIGNALS for all other future ALARM CONDITIONS. Furthermore, the ALARM
SYSTEM will self-terminate the ACKNOWLEDGED state for a specific ALARM CONDITION when that
ALARM CONDITION is no longer true.

This way the OPERATOR acknowledges the fact that certain ALARM CONDITIONS are present, for
which the OPERATOR does not want to receive auditory ALARM SIGNALS any more, but that at
the same time the OPERATOR wishes to be alerted to any new ALARM CONDITION that might
arise to draw attention to a potentially new situation.

EXAMPLE 1 A TECHNICAL ALARM CONDITION that cannot be resolved at the moment or that arises from an intended
OPERATOR action, but that can be ACKNOWLEDGED without suppressing PHYSIOLOGICAL ALARM CONDITIONS from other
sources not affected by the TECHNICAL ALARM CONDITION.

EXAMPLE 2 Certain PHYSIOLOGICAL ALARM CONDITIONS (e.g. arrhythmia) that are known to be present can be
ACKNOWLEDGED without suppressing other ALARM CONDITIONS from the same physiological source.

EXAMPLE 3 A PATIENT on home oxygen is being monitored with a portable monitor. When the PATIENT gets up
and moves to a different room, the oxygen saturation falls with exercise. This fall in oxygen saturation is
anticipated and it is expected to last only as long as the exercise itself, and then to recover to normal level within a
few minutes. This ALARM CONDITION could be an appropriate use of indefinite ACKNOWLEDGED.

In contrast AUDIO OFF or AUDIO PAUSE is frequently associated with disabling the generation of
auditory ALARM SIGNALS on a global scale for all ALARM CONDITIONS or a predetermined group
of ALARM CONDITIONS.

Subclause 5.2.1 — Instructions for use

[First-dash bullet]

OPERATORS have found that in legacy equipment the terminology for the ALARM SIGNAL
inactivation states has been ambiguous [18]. This has caused confusion and OPERATOR error
when an OPERATOR has accidentally indefinitely inactivated (ALARM OFF, AUDIO OFF) instead of
temporarily inactivating the generation of ALARM SIGNALS (ALARM PAUSED, AUDIO PAUSED) due to
terminology confusion and inconsistent markings of controls (mode error).

EXAMPLE Some legacy equipment uses the control marking “silence” for ALARM OFF while other equipment
uses the control marking “silence” for ALARM PAUSED.

When providing an overview of the ALARM SYSTEM in the instructions for use, it is highly
desirable that MANUFACTURERS use the terminology for the ALARM SIGNAL inactivation states
that are used in this collateral standard. Writers of particular standards should also use this
terminology.

[Fourth-dash bullet]

The instructions for use should provide details of any pre-use checks necessary for safe
use. [19] These checks could be automatic or be provided by a pre-use checklist. Most
equipment will not be fail-safe against a single functional failure such as loudspeaker failure.
A faulty loudspeaker can result in an ALARM CONDITION not being recognized due to the
absence of an auditory ALARM SIGNAL. To reduce the probability of a FALSE NEGATIVE ALARM
CONDITION, the ALARM SYSTEM should be checked at regular intervals.
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Long and difficult pre-use checkouts will be resisted by OPERATORS. [20],[22],[24] Ideally,
equipment would have an automated or semi-automated checkout to reduce the burden on
the OPERATOR. This checkout could include testing of the ALARM SYSTEM, for instance by
testing auditory and visual ALARM SIGNALS and asking the OPERATOR to verify their function.

Alternatively, the checkout might include setting the ALARM LIMITS and deliberately introducing
a condition that violates those limits, or other means to deliberately generate an ALARM
SIGNAL.

Subclause 6.1.1 — General

It can be difficult to classify some ALARM CONDITIONS as to whether they are a PHYSIOLOGICAL
ALARM CONDITION (PATIENT-related) or a TECHNICAL ALARM CONDITION (equipment—related).

Subclause 6.1.2 — ALARM—cONDBITION—priority Determination of ALARM CONDITIONS and

assignment of priority

ALARM CONDITIONS should be prioritized based on the urgency of the required OPERATOR
response or awareness of the situation that triggered the ALARM CONDITION. Priority is
assigned through RISK ANALYSIS, either by the writer(s) of a particular standard or by the
MANUFACTURER.

NOTE Some ALARM SYSTEMS have OPERATOR-configured or RESPONSIBLE ORGANIZATION-configured priorities.

MANUFACTURERS assign ALARM CONDITION priorities based on RISK ANALYSIS. This RISK
ANALYSIS should primarily consider the severity and rapidity of onset of HARM if the ALARM
CONDITION is not corrected. It should also consider other factors such as the sensitivity and
specificity of the ALARM CONDITION for the actual event in the PATIENT or the equipment. The
level of the priority of ALARM SIGNAL only suggests to the OPERATOR the speed at which the
OPERATOR should respond to, or be aware of, an ALARM CONDITION. The actual speed of
response or awareness required is ultimately based on the assessment by the OPERATOR.

“‘Immediate” category problems are those that are likely to cause PATIENT injury or death
within seconds to several minutes if uncorrected. Few problems fall into the “immediate”
category.

EXAMPLE 1 Asystole

EXAMPLE 2 Ventricular fibrillation

EXAMPLE 3 Failure of a cardiac support device (intra-aortic balloon pump, cardiopulmonary bypass machine)
EXAMPLE 4 Sustained high airway pressure

EXAMPLE 5 Extreme hypoxemia

EXAMPLE 6 Sustained high-energy radiation beam

“Prompt” category problems, on the other hand, do not cause PATIENT injury or death until at
least several to many minutes have elapsed.

EXAMPLE 7 Many cardiac arrhythmias

NOTE  Most cardiac arrhythmias would be prompt or delayed.

EXAMPLE 8 High or low blood pressure

EXAMPLE 9 Apnea (unless prolonged or associated with extreme hypoxia)
EXAMPLE 10 Mild hypoxemia

EXAMPLE 11 High or low pCO,

“Delayed” category problems cause PATIENT injury only after many minutes to hours have
passed.

EXAMPLE 12 Failure of an infusion pump for maintenance of intravenous fluids
EXAMPLE 13 Failure of an enteral feeding pump

EXAMPLE 14 Failure of a PATIENT weighing system
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The choice of priority should be based upon RISK ANALYSIS. In general, the lowest priority
compatible with the RISK ANALYSIS should be selected. In particular, HIGH PRIORITY ALARM
SIGNALS should be reserved for those few ALARM CONDITIONS that truly require immediate
response for PATIENT safety—that is, a response within seconds to a couple of minutes. Many
types of equipment will not require any HIGH PRIORITY ALARM SIGNALS.

ME EQUIPMENT ALARM SYSTEMS are a protective measure used to minimize risks to PATIENT,
personnel, and equipment. In certain therapeutic ME EQUIPMENT, a HAZARDOUS SITUATION
could develop so rapidly, and cause injury or damage so rapidly, that OPERATOR response to
even a well-designed ALARM SYSTEM would be too slow. In such ME EQUIPMENT, an automatic
system of mitigating the HAZARDOUS SITUATION is highly desirable, if not essential. The
general standard and many particular standards require such safety mechanisms. It is
recognized, however, that no ME EQUIPMENT could have protection against every possible
HAZARD, or in the presence of multiple fault conditions.

It should be recognized that, almost without exception, OPERATORS have many additional
duties in addition to responding to ALARM SIGNALS. The occurrence of a HIGH PRIORITY ALARM
SIGNAL, whether the result of a true positive ALARM CONDITION or a FALSE POSITIVE ALARM
CONDITION, generally requires the OPERATOR to immediately stop what he or she is doing and
address the cause of the ALARM CONDITION. As an example, the OPERATOR might be in the
middle of a sterile procedure on a different PATIENT, and that procedure would be interrupted
and delayed by the need to respond to a HIGH PRIORITY ALARM SIGNAL.

A MEDIUM PRIORITY ALARM SIGNAL is also an interruption to the OPERATOR, but it allows a minute
or a few minutes for the OPERATOR to finish a brief task before addressing the cause of the
ALARM CONDITION, or to find an alternate person who can address the cause.

A LOW PRIORITY ALARM SIGNAL should not interrupt the OPERATOR, but rather the OPERATOR
should be able to address the cause of the ALARM CONDITION at a convenient time, for
instance, after many minutes, or when he or she next checks the ME EQUIPMENT. Even
ME EQUIPMENT that is not continuously attended is checked by the OPERATOR at regular
intervals. Events that require interruption of the OPERATOR should not be LOW PRIORITY ALARM
CONDITIONS, but rather they should be MEDIUM PRIORITY or even hiGH PRIORITY ALARM
CONDITIONS. In addition, if the OPERATOR fails to address a LOW PRIORITY ALARM CONDITION in a
timely fashion, the ALARM CONDITION should ESCALATE to a MEDIUM PRIORITY or even a HIGH
PRIORITY ALARM CONDITION.

Subclause 6.2 — Disclosures for INTELLIGENT ALARM SYSTEM

Every effort should be made in designing equipment to integrate ALARM SYSTEMS into a
coordinated system, minimizing the total number of ALARM SIGNALS to which an OPERATOR
needs to respond. This is important as multiple ALARM CONDITIONS can generate ALARM
SIGNALS when one problem occurs.

An INTELLIGENT ALARM SYSTEM need not simultaneously generate ALARM SIGNALS for all active
ALARM CONDITIONS. The equivalent safety objective can be achieved by priority ranking and
generating ALARM SIGNALS for a subset of the current active ALARM CONDITIONS. When multiple
concurrent ALARM CONDITIONS exist, the relative importance of each ALARM CONDITION can be
used to internally rank the ALARM CONDITION within a given priority. This internal priority
ranking can be used to determine which particular ALARM CONDITION is causing the generation
of ALARM SIGNALS or can be used to suppress the generation of ALARM SIGNALS for lower
internal priority ALARM CONDITIONS. Multiple ALARM CONDITIONS of the same priority and the
same or very similar meaning can also be incorporated into a single message (visual ALARM
SIGNAL). These techniques are used to reduce the number of ALARM SIGNALS that an OPERATOR
is required to respond to on ALARM SYSTEMS with multiple, related ALARM CONDITIONS. The use
of INTELLIGENT ALARM SYSTEMS can be an effective way of reducing the number of ALARM
SIGNALS that are generated during transient events, thus reducing the number of nuisance or
FALSE POSITIVE or FALSE NEGATIVE ALARM CONDITIONS.
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To assign an ALARM CONDITION priority, an algorithm of an INTELLIGENT ALARM SYSTEM might
consider the magnitude of the deviation of a monitored variable from the ALARM LIMIT, the rate
of change of the variable, the duration of the ALARM CONDITION and the presence or absence of
any other concurrent ALARM CONDITIONS, redundant sources of information or values of other
variables.

After an ALARM CONDITION has generated ALARM SIGNALS, subsequent or persisting ALARM
CONDITION(S) can cause the ALARM SYSTEM to change the priority of the ALARM CONDITION or to
reassess the initial ALARM CONDITION (and perhaps cancel its ALARM SIGNAL generation)
through the use of an INTELLIGENT ALARM SYSTEM algorithm.

INTELLIGENT ALARM SYSTEMS are permitted change characteristics of the ALARM SIGNALS to
indicate a change in urgency. These changes can include, but are not limited to, changing the
intensity of BURST volume, INTERBURST INTERVAL Or PULSE FREQUENCY.

The algorithms of INTELLIGENT ALARM SYSTEMS should be evaluated and validated to ensure
that the equipment meets the operational needs of the expected OPERATOR in the expected
environment of its INTENDED USE. For methods of evaluation of USABILITY see-tEC-60601-1-6
IEC 62366.

Subclause 6.3.2 — Visual ALARM SIGNALS

Visual ALARM SIGNALS should indicate to the OPERATOR the presence and level of urgency of
any ALARM CONDITION, help the OPERATOR to locate the specific PATIENT or equipment where an
OPERATOR response or awareness is required, and identify to the OPERATOR the specific ALARM
CONDITION.

There are two requirements for visual ALARM SIGNALS:

— a “distant” requirement that the presence of an ALARM CONDITION and its priority are
correctly perceived from a distance of 4 m (far away),; and

— an “OPERATOR'S POSITION” requirement that the visual ALARM SIGNAL indicating the
specific ALARM CONDITION and its priority are legible from at least 1 m or from the
OPERATOR'’S POSITION.

It is possible to comply with the requirements of this collateral standard using either a single
visual ALARM SIGNAL or with separate “distant” and “OPERATOR’S POSITION” visual ALARM
SIGNALS.

The “distant” requirements are only required when they are necessary to allow the OPERATOR
to locate the part of the ALARM SYSTEM that is generating ALARM SIGNALS. The ability to identify
the priority of visual ALARM SIGNALS from a distance of 4 m allows the OPERATOR to decide
which equipment to respond to first when simultaneous ALARM SIGNALS occur in a multi-
equipment environment without having first to go to the OPERATOR’S POSITION.

The ability to discriminate between specific ALARM CONDITIONS and their priorities from a
distance of 1 m or the OPERATOR'S POSITION aids the OPERATOR in deciding what actions need
to be taken. MANUFACTURERS can choose to also make this “OPERATOR'S POSITION” visual
ALARM SIGNAL legible from a distance of 4 m.

The committee considered the use of the standard general alarm symbol and urgent alarm
symbol (triangle with 1 or 2 and extended to 3 curved lines) to represent LOW, MEDIUM or HIGH
PRIORITY ALARM CONDITIONS. Concern was raised that they are too similar and would be
impossible to distinguish on many displays at a viewing distance of 1 m to 4 m.

The committee recognized this limitation, and decided that adding optional elements could be
used to indicate the priority.
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MANUFACTURERS are free to enhance legibility by any of several means. For instance, the
symbols could be coloured red or yellow, or placed on a red or yellow background. Additional
symbols, letters, or words could be added to these symbols to enhance distinctiveness. One
suggestion was to use three identical symbols to indicate HIGH PRIORITY, two identical symbols
for MEDIUM PRIORITY and a single symbol for LOW PRIORITY.

Subclause 6.3.2.2.1 — Characteristics 4 m (distant)-of visual ALARM SIGNALS

The committee considered using the triangle symbol (IEC 60417-5307) with 1, 2 (IEC 60417-
5308) or 3 curved lines to represent the presence of LOW, MEDIUM OR HIGH PRIORITY ALARM
CONDITIONS. Some comments suggested that such symbols were too similar and would be
impossible to distinguish on many displays, particularly at a viewing distance of 4 m.

The committee recognized this limitation and decided to allow other methods to indicate
priority. For instance, the visual ALARM SIGNAL representing a HIGH PRIORITY ALARM CONDITION
could be coloured red, or placed on a red background. Additional symbols, letters or words
could be added to improve distinctiveness. One suggestion was to use three identical
triangles for HIGH PRIORITY ALARM CONDITION, two identical triangles for MEDIUM PRIORITY and a
single triangle for LOW PRIORITY.

In Table 2, cyan is added as an option for indicating Low PRIORITY. Differentiating Low
PRIORITY from MEDIUM PRIORITY by colour is an improvement in USABILITY. Historically, only
red, yellow and green coloured lamps were readily available. A much broader range of colours
is readily available today. The committee has chosen one of the complementary colours that
is readily available.

Subclause 6.3.3 — Auditory ALARM SIGNALS

The primary purpose of auditory ALARM SIGNALS is to get the OPERATOR’S attention.
Additionally, they should help the OPERATOR identify:

— the onset or presence of ALARM CONDITIONS;

— the urgency of the required OPERATOR response; and

— the location of the device generating ALARM SIGNALS.

The requirements of this subclause are intended to ensure that auditory ALARM SIGNALS in
equipment are able to fulfill this purpose.

Equipment that is continuously attended by the OPERATOR in NORMAL USE has different
auditory ALARM SIGNAL requirements from equipment that is unattended by the OPERATOR in
NORMAL USE.

Subclause 6.3.3.1 — Characteristics of auditory ALARM SIGNALS
[List element-a d), first dash)]

Distinctively different auditory ALARM SIGNALS for HIGH PRIORITY, MEDIUM PRIORITY and LOW
PRIORITY are specified in Table 3 and Table 4. For any OPERATOR to identify the onset or
presence of ALARM CONDITIONS by means of auditory ALARM SIGNALS, they should be audibly
different from other sounds in the PATIENT care area. The HIGH PRIORITY auditory ALARM SIGNAL
is designed to be very different from most other sounds (e.g. pagers, telephones, etc.).

The ALARM SIGNALS are priority encoded so that the OPERATOR can readily discern the priority
of the associated ALARM CONDITION by auditory means alone.
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Mandating the presence of at least one set of auditory ALARM SIGNALS that complies with
Table 3 and Table 4 or uses alternative technology (i.e., not based on PULSES and BURSTS)
such as voice synthesis ensures that the RESPONSIBLE ORGANIZATION always has the option of
selecting one recognizable, standard set of auditory ALARM SIGNALS on all ALARM SYSTEMS.
Additional sets that comply with Table 3 and Table 4 and Annex F can be provided without
any need for VALIDATION. Additional sets that do not comply with Table 3 and Table 4 can be
provided so long as they are priority encoded and are appropriately validated. The
RESPONSIBLE ORGANIZATION can configure any one of these as the DEFAULT ALARM PRESET.

Table 3 and Table 4 indicate the difference in priority primarily by the number of PULSES in a
BURST and their rhythm. A HIGH PRIORITY BURST comprises 10 PULSES, repeating two identical
groups of 5 PULSES with a pause between each group. A MEDIUM PRIORITY BURST comprises 3
PULSES and LOW PRIORITY BURSTS can contain one or two PULSES. Other factors can be used to
provide additional priority or relative urgency information. Examples include inter-PULSE
interval, inter-BURST interval, PULSE width and other PULSE characteristics. Higher priority
auditory ALARM SIGNALS should use faster BURSTS with shorter PULSES that are repeated more
frequently than lower priority ALARM SIGNALS.

Auditory ALARM SIGNALS that comply with this standard should sound almost identical to
auditory ALARM SIGNALS that comply with ISO 9703-2.

Mandating auditory ALARM SIGNALS in Table 3 and Table 4 ensures that the RESPONSIBLE
ORGANIZATION always has the option of selecting recognizable, standard auditory ALARM
SIGNALS for an ALARM SYSTEM.

Urgency of the required OPERATOR response is indicated by the different BURST patterns,
BURST speeds, PULSE widths, repetition rates and relative volumes that are specified for Low,
MEDIUM and HIGH PRIORITY ALARM SIGNALS in Table 3 and Table 4. Annex D indicates factors
that affect the perceived urgency of a BURST. MANUFACTURERS can find this helpful when
choosing values that comply with Table 3 and Table 4 and are appropriate for the relative
degree of urgency of OPERATOR response to a particular ALARM CONDITION. ESCALATION of
ALARM CONDITION urgency within a priority ranking can be indicated to the OPERATOR by similar
means.

Auditory ALARM SIGNALS that comply with Table 3 and Table 4 are not required to incorporate
melodies. However, if melodies are used, their meanings are required to be as specified in
Annex F or be designed so as to preclude the possibility of confusion with Annex F. Annex F
therefore attempts to standardize pitch pattern (melody) for the majority of ALARM SIGNALS
complying with Table 3 and Table 4.

Often (as has already been stated), many ALARM SYSTEMS generate ALARM SIGNALS in one
PATIENT care area. [23] Even if the pitch of all PULSES in a BURST is the same, many
OPERATORS can learn to recognize differences in tone, overall pitch, and repetition rate. If the
pitch of individual PULSES is varied in such a way as to create simple standard “melodies”, the
average person can learn to recognize approximately six to eight melodies and to associate
them with categories of equipment.

If melodies are restricted in number and are reliably associated with defined equipment
categories, OPERATORS are likely to “learn” what a particular melody means and to use this
information to help them locate the source of an ALARM CONDITION. If unrestrained proliferation
of melodies were to occur, a potentially large number of different melodies would likely be
presented to the OPERATOR. This would generate such confusion as to render them useless
and potentially hazardous. On the other hand, if all equipment of a given type made exactly
the same sound, it might be difficult to identify the source of the ALARM SIGNAL by auditory
means in situations where many similar items of equipment are present in one location.
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The committee was of the opinion that the RISK ANALYSIS favoured some degree of regulation
of melodies for ME EQUIPMENT. The challenge was to choose an appropriate degree of
regulation without being excessively design restrictive.

The melodies of Annex F were derived by a musically trained subgroup of the experts from
the committee. Each melody was chosen to be distinctively different from the others. The
assignment of particular melodies to categories was deliberate and based upon a
psychoacoustic association between the melody and the category. For more information, see
the rationale to Annex F.

MANUFACTURERS intending to use melodies are encouraged to select the most appropriate
melody from those in Annex F on the basis of the primary function of their equipment. If they
intend to use some other melody, it should not be easily confused with any other melody of
Annex F unless the meaning (category) is the same. Note that the defining characteristic of a
melody is the relative difference in pitch between successive PULSES in a BURST. Absolute
pitch variation is acceptable.

Multi-function equipment can either use one melody that indicates the primary function of the
equipment or can apply a different melody to each functional sub-system of the equipment. A
specific melody that indicates equipment failure or power down can additionally be used on
any equipment in addition to the melody indicating the primary function of the equipment.

[List element-b d), second dash)]

A different technology implies something other than electronically generated tones. There are
a variety of means for generating auditory ALARM SIGNALS, including buzzers, electronic sound
generators and speech synthesizers. At least some of the methods described above can be
used to indicate priority regardless of the means of generating the signal.

Table 3 — Characteristics of the BURST of auditory ALARM SIGNALS
Table 4 — Characteristics of the PULSE of auditory ALARM SIGNALS

Table 3 and Table 4 are based on the requirements for auditory ALARM SIGNALS that were
found in ISO 9703-2 [26]. These distinctive patterns or rhythms have been used for more than
a decade and have been well accepted clinically. Table 3 and Table 4 are slightly different
from the equivalent tables in ISO 9703-2. The modifications were intended to simplify
interpretation and increase flexibility rather than introduce significant change. Auditory ALARM
SIGNALS that complied with ISO 9703-2 should also comply with this collateral standard.

Spatial localization of an auditory ALARM SIGNAL is useful because it helps the OPERATOR to
identify the source of the ALARM CONDITION promptly. Ensuring that four or more audible
higher-frequency harmonics are present in an auditory ALARM SIGNAL enhances spatial
localization. Spatial localization is poor at low frequencies, so the lower acceptable limit for
fundamental frequency is set at 150 Hz. Hearing impairment from noise exposure or age
usually impairs perception of higher frequencies, so that to ensure that all harmonics are
audible, the upper limit for fundamental frequency is set at 1 000 Hz.

Selection of the INTERBURST INTERVAL requires RISK ANALYSIS and careful consideration.
Shorter INTERBURST INTERVALS can result in noise pollution and impair communication among
OPERATORS or other personnel who are trying to address the problem, and are inappropriate
for equipment that is intended to be continuously attended by the OPERATOR in NORMAL USE.
On the other hand, longer INTERBURST INTERVALS can negatively affect the ability of the
OPERATOR to identify, in a timely manner, the source of the ALARM CONDITION. This is
particularly true for equipment intended to be unattended by the OPERATOR in NORMAL USE.
MANUFACTURERS are encouraged to use the longest INTERBURST INTERVAL consistent with the
RISK ANALYSIS. Writers of particular standards are encouraged to consider the longest
appropriate INTERBURST INTERVAL of the auditory ALARM SIGNAL for the particular ALARM SYSTEM

application.
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The main differences between ISO 9703-2 and this collateral standard and the reasons for the
current requirements, are described below:

a) The new PULSE spacing intervals are defined differently from 1SO 9703-2 and provide
greater design flexibility. PULSE spacing is now defined as the time from the end of one
PULSE to the start of the next. As a result there is no possibility of overlap, which could
occur in 1ISO 9703-2. The actual values permit all auditory ALARM SIGNALS complying with
ISO 9703-2 except for HIGH PRIORITY ALARM SIGNALS in which the PULSES almost overlap.
For obvious reasons, very few MANUFACTURERS actually did this. The committee
considered that PULSES should have reasonable gaps between them, and that near-
overlapping of PULSES should not be permitted.

b) In ISO 9703-2, the intended rhythm could not be achieved if each PULSE spacing was the
same. The redrafted Table 3 addresses this problem. To ensure that the distinctive
pattern is achieved, yet provide some flexibility in overall timing, this standard requires all
INTERBURST INTERVALS within a BURST to have the same duration. A tolerance of +5 %
seemed appropriate.

c) The time between the two five-PULSE groups that comprise a HIGH PRIORITY ALARM SIGNAL
(time between 5th and 6th PULSES) is now defined as the time from the end of the last
PULSE in the first group to the start of the first PULSE in the next. The equivalent
requirement in ISO 9703-2 was defined as the time from the start of the first group to the
start of the next. In practice, this time could be unacceptably short. Therefore, few
MANUFACTURERS actually complied with this 1ISO 9703-2 requirement. Instead, they chose
the interpretation that is now used in this collateral standard. The intent of the pause was
that the first group of PULSES would attract the OPERATOR'S attention, and the second
group would emphasize the importance of the ALARM CONDITION and aid in identifying the
source of the ALARM CONDITION once the OPERATOR'S attention had been gained.

d) A greater range of INTERBURST INTERVALS is permitted. The existing requirement in
ISO 9703-2 is not suitable for ALARM SYSTEMS that are unattended by the OPERATOR in
NORMAL USE. Selection of the most appropriate INTERBURST INTERVAL requires RISK
ANALYSIS and careful consideration of the clinical requirement for the ALARM CONDITION in
its intended environment of use. Short INTERBURST INTERVALS can result in noise pollution
and impair communication among OPERATORS or other personnel who are trying to
address the problem, and are inappropriate for ALARM SYSTEMS that are always attended
by the OPERATOR in NORMAL USE. On the other hand, long INTERBURST INTERVALS can
negatively affect the ability of the OPERATOR to promptly identify the source of the ALARM
CONDITION. MANUFACTURERS and writers of particular standards are encouraged to use the
longest INTERBURST INTERVAL consistent with the RISK ANALYSIS. Factors to consider
include:

— whether the ALARM SYSTEM is intended to be always attended by the OPERATOR in
NORMAL USE. In this case a longer INTERBURST INTERVAL is appropriate;

EXAMPLE Anesthesia machines.
— the kind of equipment involved;

EXAMPLE An enteral feeding pump should have a longer INTERBURST INTERVAL than a critical care
ventilator.

— whether the ALARM SYSTEM is connected to a remote DISTRIBUTED ALARM SYSTEM, e.g. a
central monitoring system. An ALARM SYSTEM that is not so connected (standalone
equipment) should consider a shorter INTERBURST INTERVAL, in order to facilitate
identification;

the presence and effectiveness of additional or alternative notification systems
(secondary visual ALARM SIGNALS, vibratory ALARM SIGNALS, ALARM SIGNAL lights in
hallways, alarm paging systems, etc). Effective alternative generation of ALARM SIGNALS
will permit longer INTERBURST INTERVALS.

e) HIGH PRIORITY auditory ALARM SIGNAL PULSES should be “faster” than MEDIUM PRIORITY
auditory ALARM SIGNAL PULSES to ensure that they are perceived as being more urgent.
Hence, the requirement that the effective PULSE duration for HIGH PRIORITY ALARM SIGNALS
is less than that for MEDIUM PRIORITY.
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f) The Low PRIORITY auditory ALARM SIGNAL is optional, but if present can comprise one or
two PULSES. It should be relatively unobtrusive and perceived as less urgent than a
MEDIUM PRIORITY ALARM SIGNAL.

g) Pitch is now permitted to rise and fall during a BURST. ISO 9703-2 required that changes in
pitch proceed in one direction only. The committee considered this to be without safety
advantage and excessively design restrictive.

h) The ISO 9703-2 requirement for the presence of four harmonics has been slightly
modified. Reflections and standing waves from pure sine wave auditory signals can make
it very difficult to find where they are coming from. Ensuring that four or more audible
harmonics are present in an auditory ALARM SIGNAL enhances spatial localization. These
harmonics should be neither so soft as to be inaudible nor so loud as to be excessively
dominant. Because tight control of harmonic content can be extremely difficult in simple
systems, a value of plus or minus 15 dB (relative sound pressure level) was chosen as a
reasonably achievable goal. Decibels were used to express the ratio between the sound
pressure level of the fundamental and the sound pressure level of the harmonics because
they are commonly used to describe relative sound pressure levels. The choice of
harmonic content is very flexible and permits sounds of very different tonal quality to be
created.

i) FALL TIME for PULSES is now less restrictive. It can be any duration that does not overlap
the next PULSE. In contrast, ISO 9703-2 sounds were required to have the same FALL TIME
as RISE TIME. The committee found this to be excessively design restrictive.
MANUFACTURERS are now permitted to create sounds with more distinctive envelopes (e.g.
bell-like decays or reverberation effects).

— The RISE TIME of a PULSE influences both the perceived urgency and the intrusiveness
of the auditory ALARM SIGNAL. More rapid RISE TIMES provide psychoacoustic cues of
greater urgency and better reflect the intent of HIGH PRIORITY auditory ALARM SIGNALS,
but they can be intrusive and startling. In contrast, slower RISE TIMES are generally
perceived as being less urgent, and can be more appropriate for lower priority auditory
ALARM SIGNALS or INFORMATION SIGNALS.

With amendment 1, RISE TIME for PULSES is specified as 10 % to 40 % of PULSE duration
with a recommendation that they should not be less than 10 ms. This is a relaxation
from 1SO 9703-2 and previous versions of this standard. Very short RISE TIMES can
cause mechanical distortion arising from the speaker (typically a "thump", "click" or
"pop"). Previously the shortest possible RISE TIME was 7,5 ms. This was only possible
with a combination of the shortest possible PULSE duration of 75 ms and the shortest
possible RISE TIME of 10 %, so this is not a big change. Second, the maximum
permitted RISE TIME, which had been 20 % of the PULSE duration, has been doubled to
40%, permitting even less intrusive or startling auditory ALARM SIGNALS than previously
permitted. This can be advantageous for lower priority ALARM SIGNALS or INFORMATION
SIGNALS.

— There is no change in the PULSE frequency requirement. Spatial localization is poor at
low frequencies, so the lower limit for fundamental frequency is set at 150 Hz. Hearing
impairment from noise exposure or age usually impairs perception of higher
frequencies, so that to ensure that all harmonics are audible, the upper limit for
fundamental frequency is set at 1 000 Hz. MANUFACTURERS can choose any frequency
they like from within this range. Higher pitch is associated with greater urgency. [11]

— The difference in amplitude between any two PULSES in a BURST should not exceed
10 dB. Again, this refers to a relative sound pressure level ratio (i.e., not an absolute
volume difference in dBA). This requirement is unchanged from ISO 9703-2. It is
easier to make all PULSES the same amplitude, but if the amplitude of the early PULSES
in a BURST is a little less than subsequent PULSES, it can be less startling.
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