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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
HT/15 on Medical Electrical Equipment—General Safety Aspects. This Standard is identical to and
has been reproduced from IEC 513: Fundamental aspects of safety standards for medical electrical

equipment.

Under arrangements made between Standards Australia, Standards New Zealand and the IEC, as
well as certain other Standards organizations, users of this Standard are advised that the number of
this Standard is not reproduced on each page; its identity is shown only on the cover and title page.

For the purposes of this Standard the IEC text should be modified as follows:

(a) Terminology The words ‘this Australian/New Zealand Standard’ should replace the words ‘this

International Standard’ wherever they appear.

(b)

Decimal marker Substitute a full point for a comma where it appears as a decimal marker.

(c) References The references to international Standards should be replaced by references to the
following Australian or Joint Australian/New Zealand Standards:

Reference to International Standard
or other publication

IEC
50

50.191

Guide 104

601

601-1

601-1-XX

601-2.XX

ISO/IEC
Guide 51:

ISO
8402

9001

International Electrotechnical
Vocabulary—

Chapter 191: Dependability and
quality of service

Guide to the drafting of s safety
Standards

Medical electrical equipment

Part 1: General requirements for
safety

Part 1.XX: Series of Collateral
Standards
Part 2.XX: Series of particular
Standards

Guidelines for the inclusion of
safety aspects

Quality management and quality
assurance— Vocabulary

Quality systems—Model for
quality assurance in design,
development, introduction,
installation and servicing
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Australian/New Zealand Standard

AS
1852

3200

3200.1
NZS 6150

AS/NZS
3200-X.XX

3200-2

AS/NZS
ISO 8402

AS/NZS
ISO 9001

International Electrotechnical
Vocabulary

Approval and test specification—
Medical electrical equipment
Part 1: General requirements for
safety

Part X.XX:
Standards
Part 2.XX: Series of particular
Standards

Series of Collateral

Quality management and quality
assurance— Vocabulary

Quality systems—Model for
quality assurance in design,
development, introduction,
installation and servicing

Documents


http://www.avadocuments.com/doc/as-nzs-4513-1995-scan
http://www.avadocuments.com/doc/as-nzs-4513-1995-scan

SNZ AS/NZSx4513 95 W@ 85831L9 00ub27?7? 0L7 HE

AS AS/NZS

9004 Quality management and quality ISO 9004.1 Quality management and quality
systems elements systems elements
Part 1: Guidelines Part 1: Guidelines

© Copyright — STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Users of Standards are reminded that copyright subsists in all Standards Australia and Standards New Zealand publications and software.
Except where the Copyright Act allows and except where provided for below no publications or software produced by
Standards Austrahia or Standards New Zealand may be reproduced, stored in a retrieval system in any form or transmitted by any means
without prior permission in writing from Standards Australia or Standards New Zealand Permission may be conditional on an
appropriate royalty payment. Australian requests for permission and information on commercial software royalties should be directed to
the head office of Standards Australia. New Zealand requests should be directed to Standards New Zealand.

Up 1o 10 percent of the technical content pages of a Standard may be copied for use exclusively in-house by purchasers of the
Standard without payment of a royalty or advice to Standards Australia or Standards New Zealand.

Inclusion of copynght material in computer software programs is also permitted without royalty payment provided such programs
are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that matenal used is from the current edition of the Standard and that it is updated whenever the Standard
is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of material in print form or in computer software programs to be used commercially, with or without payment, or in commercial
contracts is subject to the payment of a royalty. This policy may be vaned by Standards Australia or Standards New Zealand at any time.

Documents

Document Sharing Hub

Full document details: AS NZS 4513-1995 scan -


http://www.avadocuments.com/doc/as-nzs-4513-1995-scan
http://www.avadocuments.com/doc/as-nzs-4513-1995-scan

SNZ AS/NZSx4513 95 BN 6583169 004k278 T53 M

iv
CONTENTS

Section 1: General Page

T S0P e e et rest e e et s s e e e s aa e een et ae e n e e et s s ten e e e e raete e s st neese st eeneet e st aansarennes 1
2 COMCEPLS coueeereteceieteerre e eesasassserestensrteres s araessssasssssarsssanessassesnseraassesssanntnseonsesensessessensons 1
2.1 BASIC SATRIY .oeoeeeceeeeeeee et r e e e s et bes s s s e s sasenneses s ssenensans 1

2.2 EffECHVENGSS .ot ter e s e s tra e s e e s et st seraaesa s n et e tesnt e san g et e e s aaneaneen 2

2.3 EffICACY ieviiiveiicriiterieect vt st er st taeseesesre e e s e e s s s st e e sanee s e s s nne s e s e e snnae s sne e nseenee 2

2.4  Essential PerfOrMAaNCE ..o viiiriiiiriicccerireecrrrrr e e crcesaessesasesameesesssveeesassnnnesssnare 2

2.5  ESSential reQUITEMENES ...ttt eeeree e ees s rar e e s eeses e esasssesssmnaeansbnnsssnns 2

2.8 FIlNeSS f0r USE .ottt r ettt ae e e e e eeee e s assssmsnreseneenasassessasmmeaennassnesssans 3

2.7 HAZAN ...t eeteres e ree st ar s ettt e s s e s st s s e e s ane e s s e sneesen snatnas seeetessens 3

2.8 QUANILY @SSUTANCE ......ooveiiirreieceeierrerenerrerersasesressnesatessvassssesseseseesseassesssmersassarsonsios 3

2.9 RISK ettt ee et et e e es et et e eesaras e st eemane st aeeeren e e e sananne 3
210 RISK IOV ...ttt cetee e e e ee s ransscsessasessesanasnassasassnssnssansrassnnnes 3
21T A Y ottt e et rr e e ee s et s sese s st e nteeen s rraseasnannessantasn 3
2,12 Safety integrity 18Vel......... .ottt e ere et s e e se s se e eeenseseenananens 4
2,13 SEVETIY IOV ...ttt er e eee st en e e e e e st s e e e e esa e s s et creennneneas 4
214 USEIHOPEIALON .....eoeeeeeeeeeeeeceeeeenee s eneesesvesnessesserasessssssessseesasssseessensassesnsessassssssns 4

B HAZATAS e ceeeeceecececeeceeeteicerrtereeeseeresrvens s sesarassases esmesasrssvsorsass srsssrosssvsersnssnsnessssrrressesnsrsssnnsen

3.1 CAUSES Of NAZATNUS ooeeeeeeeeereeccerer e teeereeressseeereresseessosessesssessrsessnsnssnnssrransnassensesannses
3.2  Patient related NAZATAS .......eueveeeciiiceterrenntrcsreserereesss e snnasserreressnnnsassessssnnes
3.3 OPerator NAZAMMS ....ceeiieieeieeireeceecteecenetesaesteeersemeesseseees e e sa s e soeasas s saesnseesseeneans

Factors affeCting SAfElY ...ttt ettt e e setee e s sase e e st
Measures 10 aChi@Ve SAIELY ...t ecrr et eee s e eeeae e seeee e r e aeseasssennes

GOl Of SLANTOAIUS ...cooereveeririrecrceeieieesestrisssssesesesssessosssssssessssssssssssssssesssssnsssssssnsssnssssssannnsns

N O 0 s

Types OF STANUAIAS ......cccccevreriricrrrrcecrerreererssrraesnresaerresnres sosscaersssesastons s ssssanecessnressonsasas

7.1 ProduCt SEANOANTS ..oeeeceeiceeeeceecveeesee e cesrsaeesnteseessnsasaasesassssnnnaessonsassanssesnsees
7.2  PrOCESS SLANMUATAS ..oeeerviiirrirererrerreremarerrarsseesssveresssrersassrsssesssssssansenssssnnessrassassessnes
7.3 Installation and environmental standards .........cccoeeeeeveieeececieeee e
7.4  ApPlicAlioN STANAAIAS ....coiiieiete et st s s s st

© © 0 W W N N N oo »

B ACCEPIADIE TISK IBVEIS ..o crercsm e csmeerceessetres e e s samsne s sesasenae sersenessansanns

—
-—h

9 Developing safety and essential performance requirements ......c.ccccviennincesinninn.

8.1 Hazard identifiCatiON ... ceeereeeeereecccrerr e crrerccenserrss s seesbesnasessssressnsanananasas 11
.2 SVEIHY BV ...ttt s e nee e e s son st ts o e sanse saas s s s b s s e s an e s e anen 12
9.3 Deciding on acceptable risk [VelS .......ccooiriroiicrineiiniteensnressee e, 13
9.4 Faull avoidance and COMITOI ......riiiiieceecereeccccrrareee s eereeeessss e ssssssesessesassssransens 15

Documents

Document Sharing Hub

Full document details: AS NZS 4513-1995 scan


http://www.avadocuments.com/doc/as-nzs-4513-1995-scan
http://www.avadocuments.com/doc/as-nzs-4513-1995-scan

SNZ AS/NZSx4513 95 WM 8583169 00ub279 997 M

Full document details: AS NZS 4513-1995 scan

v
Page
9.5  INLEQItY 1EVEIS ettt st 17
9.6 Achieving acceptable fiSK IBVEIS ... 17
9.7 Surpassing specified reqQUIremMENtS ........c.corriiinninis e 18
9.8 Treatment of risk in the IEC 6071 SEMIES ....ccivvmiriieecincessicsininnninie e 18
9.9 FAUH CONGIIONS ...ooiceeeereeieseeisceirenrecceesesssssssesossacnressstsssnes ot assstassostssssanoransrssnns 19
9.10 Single fault PhilOSOPRY .....ccoviiireereirrrrirrerer ettt st e 19
9.11 Integrity levels implied in IEC B01-1 .o 21
9.12 Acceptable risk levels according 10 1EC 6071 ... 22
10 EQUIPMENT BCCESSOTIES ..ouvouerrrierrrrrnsseesssssase et esiais it s s s bs e s seousassusasatansnss 22
11 SIANAATGIZANION «oeeeeeeeeee e eeetttesterresvrearsaeesstecossssnssseser st ars s eesessnssdseasasesasninssesasstassanssaans 23
12 CoOordination Of STANTAINAS ......coceeeererrrerrercesresaesssessisisisssnsrsssssssesensstsantossssssess essesnsans 23
12.1  Overall approach t0 SAfBLY ....ocirveeereieeeeeerec et o 23
12.2 Overall planning in the development of Standards .........couermrincecisnnncnes 24
13 S1ANAArdSs AN the 18W ..eeeeeiierrieereereoeericeeicereesssrr s e ssrnsasme s e as s e e sasceanbessantsssstsssanarssnnasans 24
14 ROIE OF STANTATAS ..oeeoieieeierecirereeerrrs vt e st ee e csase e e sarnsr e sesassasasassn st e sates e maranassesnasasns 24
15 ACCIAENLS ..eeeoeeeeeeeeeeeeereeeeeeeeeesesseseseesansanseeuasessest asstastsnsssssssanasasssssastasaestsasatstsassrsessssnssas 24
16 MAINtENANCE Of STANCAIAS ...c.oeeveecieeirieeetrerrscsesessserssssnsssressenssnsssassensasassassssasssanssenes 25
Section 3: Guide to the development of
future product standards
17 Identification Of ProbIEMS ....coveriire ettt st e 25
1B PrIOTITY coeeeiereteerceecee e cn e stsas st mes s sa s s st a e net s st bbb s b se s s s s asRs s E e bbb sa st s e cucn s 25
19 FOIMAl @NA SITUCIUME ......oeicrererererrceenae e aeeeneessatssanssrssstasesssnessssssasanmrersse sstosssssesassnesasanssnnes 26
- 1.1 THHES wovveerececeeeeieeecesernssasesasascees e smtseesosnasansas e e seernreseasanaassssssraseosutsssssnsnnsnsnsatrases 26
19.2 SCOpe aNnd rAtIONAIE .....ccccormeemriirrrterere e st ettt s s s 26
19.3 Form of SPECIfiCAtION ...cvirieeieeeeeee et e 26
198 SITUCIUIE «eoeeeeeeeeeeeeeierteneesesenteesesresssaeameeaceeeesesssaaasssbebsessaaassaee st asasasbssottasbsssntrssuerane 26
20 Specifying safety and essential performance requirements ........ooeeeeeiennsissenennes 27
0.1 GOMEBIA! ooeeieeeeeeeeeeeeieetestesteeraisaesreasasers et eaasenesbbossaniras st enns s saasmaant s e susantonssnsssssanssstn 27
20.2 Specific test requirements vs assessment of design Process .........c.occeweeneee 30
21 TeSling FEQUITEMENLS .......eeeeciiriieciecrecrreereeeieeser e ss st eseenassassntsssrrnessssssnssasasensbasesansessnsseas 31
211 GONEIAI ettt et se s e ese e e m et e ere e e et e s e b b ar e s pe e nnens 31
21.2 T"Single fault condition™ and "safety hazard™..........cccccniiinninn. 31
21.3 ProteClive GEVICES ..uuueiiceeirtierreee e cttnic s sriseas s sissscs st st e s sbar e ne s s sn e nea s e e e 31
21.4 High reliability COMPONENLS ...ttt sse e 32
215 SAfELY fACIOIS ..ottt e a s e s s e ee e aeas 32
P TSI I =11 O 1 T3] T Yo £ OO OUP APPSR 32
21.7 Basic safety Standarnds ...t e 33
21.8 Marking and 18Deling ... e 33
Documents


http://www.avadocuments.com/doc/as-nzs-4513-1995-scan
http://www.avadocuments.com/doc/as-nzs-4513-1995-scan

SNZ AS/NZSx4513 95 EE 8583169 004k280 bOL [

vi
Page

21.9 WaArNING NOLICES .neeeeecreeeciirecsttneneesenssrss s st aesns s ssscassassssnsasssensanse s anesrsssensesens 34

21.10 Other information 10 be Provided ... enesresaesns 34
22 DeSign VEIfICAtION ..co ettt ettt s e sas s e a e e nans 34
23 Clinical trials and similar aSSESSMENT ..o siesnstrae e e s steseesses 35
24  Performance reQUIrEMENTES . oueiiecreeerrcreecaeeacestssssetseie e sassesssnesssesssesssaessnssesnnserssnssases 35

24,1 GENBTAL ..o eereecverecrrrernenrsaesearrecseemeesssaeebte s satenar e st assassesatsussrsstessrressasssesrasassransren 35

24.2 Essential performance reQUIreMEentS ..........cccccocoreiiecnceireeie vt csese s essenoee 35

24.3 Essential disclosure reQUIremMents .........cccoccecimeesimecvnrcennrmsee e inriseaens 36

24.4 "Non-essential™ performance requiremMents ........cccceeevenirnnerncesnicnsncsnenssres 36
Annexes
A Classification Of appli€d PArS ... oo rerte s e s eb s e 37
B The role of standards in the assessment and approval of

medical electrical @QUIPMENT ... ... aacaneeaareentersr e crtes e s e st e saceesamrcrcmsessssssssssesarans 43
C  Improving OVErall SAfEY ....cccciiiriiieciireccteecnrtsentr e srse s e sae st assnsents 45
O IR S 11 AT £- o (o] £ OO S U OO OO 49
E  History of IEC 513, 1st edition and IEC 601 SEMIES ...ccvecveveeierneeesecerrcseneerreescenssectesesssenns 51
Figures
1 Flow diagram for risk Management ...........ccmenniinrneroiroessessssinsens 11
2  Structure of the IEC 601 series under the third edition of IEC 601-1 ............ccccuuee. 29
C.1 OVEIAH SAIOTY ..oeeiereeeereeeeeeeesrrene st et s s sran e e e eteseesueesaant s s st ae e see st sesss sressnseerersrstnsraaenes 47
Tables }
1 Risk classification 0f BCCIAENLS ............ccoueeiireereceereceeeeae e ereeesneseseeesaesnerenesnsressssseronases 14 -
2  Interpretation Of fiSK 1@V ... . ettt s s s e sraa s s sa e se e e sees 15
3 Third edition of IEC 601-1 and its coliateral standards ..........ccocvmriviimiininneicnneens 28
B.1 HAZArAS GN0 CAUSES .cccvurererrrerecriresaresssorsessassaaastressearassstessesesssesssssosasserssssesssevesnessnssesssnns 43
B.2 Role of standards in overal Safely ..o 44

First published as AS/NZS 4513:1995.
Documents

Document Sharing Hub

Full document details: AS NZS 4513-1995 scan


http://www.avadocuments.com/doc/as-nzs-4513-1995-scan
http://www.avadocuments.com/doc/as-nzs-4513-1995-scan

SNZ AS/NZSx4513 95 M 85831k9 004k281 548 W

AUSTRALIAN/NEW ZEALAND STANDARD

Medical electrical equipment—Fundamental aspects of safety
Standards

Section 1: General

1 Scope

This report identifies fundamental considerations to be taken into account in developing
standards to ensure the safety of medical electrical equipment.

NOTE - This report follows closely recommendations of ISO/IEC Guide §51* and expands on matters which
are unique to, or critical in, the application of medical electrical equipment.

This report is primarily intended to be used by:
- those who prepare standards jor the design, installation and use of medical
electrical equipment;

- health care regulatory authorities, test houses and other organizations responsible
for implementing standards for medical electrical equipment;

manufacturers of medical electrical equipment;

those who assemble systems which include medical electrical equipment.

This report may also be of assistance to:

users or operators of medical electrical equipment;

hospital administrators;

non-technical personnel involved in the procurement of medical electrical
equipment;

-~ educators and students.

- hospital and clinical engineers responsible for the construction of patient care
facilities or for the procurement or maintenance of medical electrical equipment;

2 Concepts

The following material is not intended to introduce new definitions. It is a general
discussion on the terminology and concepts used in this report. Where a particular term is
defined in an international publication, the definition is reproduced after the relevant
discussion herein.

2.1 Basic safety

Basic safety provides protection against direct physical hazards when medical electrical
equipment is used under normal or other reasonably foreseeable conditions, (e.g.
mechanical strength, leakage current and fire safety).

¢ ISOAEC Guide 51: 1990, Guidelines for the inclusion of safety aspects in standards.
COPYRIGHT Documents
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2.2 Effectiveness

The effectiveness of an item of medical electrical equipment is its ability to perform as
specified, {(e.g. the accuracy of the delivered energy from a cardiac defibrillator).

This term is defined in IEV* as follows:

Effectiveness (performance): The ability of an item to meet a service demand of given
quantitative characteristics.

2.3 Efficacy

The efficacy of an item of medical electrical equipment is its ability to achieve the
expected result in assisting diagnosis or treatment, (e.g. the ability of a cardiac
defibrillator to revert fibrillation).

2.4 Essential performance

This concept is less widely understood than basic safety. Many items of medical electrical
equipment are life-sustaining or critical for correct diagnosis. Medical electrical equipment
which does not perform properly can present an unacceptable risk, and hence it may be
unsafe. For example, most people would consider a detibrillator that will not discharge to
be unsafe. Likewise, incorrect diagnosis resulting from equipment malfunction can lead to
incorrect treatment.

For medical electrical equipment, the distinction between satety and performance
standards is often unclear, and the concept of essential performance arises.

Typically, essential performance requirements limit or establish critical parameters such
as the frequency response of a diagnostic electrocardiograph and the output energy of a
cardiac defibrillator. However, in some cases essential performance can best be
addressed through disclosure requirements.

2.5 Essential requirements

No complete distinction can be made between safety, efficacy and effectiveness of
medical electrical equipment. Successful diagnosis and treatment, and even the patient's
lite, may be jeopardized by a device which:

a) is physically dangerous;
b) does not perform as specified by the manufacturer; or
¢) is incorrectly used.

Accordingly, this report identifies "essential requirements” as the combination of "basic
safety” (see 2.1) and "essential performance” (see 2.4).

* IEC 50(191): 1990, International Electrotechnical Vocabulary - Chapter 191: Dependability and quality of
service. (191-02-01).
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2.6 Fitness for use

Some aspects of performance which do not affect essential performance may determine
fitness for use. Fitness for use may include matters relating to efficiency or reliability and
require the disclosure of enough information to allow the consumer to rate design
suitability for the intended application.

2.7 Hazard

Normaily the word hazard refers to a source of risk or danger. In this report the word
hazard is generally used to describe a situation of potential harm to people or property,
(i.e. a condition, situation, procedure, object or material which is capable of causing
harm).

Hazard is defined in ISQ/IEC Guide 51 as: “A potential source of harm.”

2.8 Quality assurance

Quality assurance (QA) includes good manufacturing practice (GMP) and quality control
(QC). -

Quality assurance is defined in ISO 8402 as: "All those planned and systematic actions
necessary to provide adequate confidence that a product or service will satisfy given
requirements for quality.*

Quality control is defined in 1ISO 8402 as: "The operational techniques and activities that
are used to fulfill requirements for quality.”

2.9 Risk

The application of medical electrical equipment can result in “direct” risks when
inadequate design, equipment failure or misuse result in physical harm to the patient, the
operator, the equipment or the environment. Other “indirect” risks resulting from
inadequate equipment performance can adversely affect the patient, (e.g. failure of
life-support systems and mis-diagnosis).

Risk is defined in ISO/IEC Guide 51 as: “The probable rate of occurence of a hazard
causing harm and the degree of severity of the harm.”

2.10 Risk level

Risk level is a qualitative measure of risk (see tables 1 and 2).

2.11 Safety

Normally the word satety means a freedom from danger or risk. Absolute safety is
therefore a complete freedom from conditions and circumstances which may result in
harm.

F__ N
- . 3 ;
ISO 8402: 1986, Quality — Vocabulary.
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As discussed below, it is impractical to expect absolute safety in the use of medical
electrical equipment. In this report, the word safety generaily refers to freedom from
unacceptable risk.

*Safety” was used in the first and second editions of IEC 601-1 to mean "basic" safety
associated with "direct” risks when inadequate design or use, or equipment failure, resuits
in physical harm to the patient, the operator, the equipment or the environment.

However, "safety” is also used in this report in association with a broader range of
"indirect” risks in which the patient can be adversely affected by equipment malfunction or
by equipment which is inadequate for the intended purpose. It is intended that "safety” will
be used in this broader sense in future editions of IEC 601- 1.

Safety is defined as follows in ISO/IEC Guide 51: "Freedom from unacceptable risk of
harm", (see also explanatory notes in Guide 51).

2.12 Safety integrity level

Safety integrity level is a measure of the level of assurance that a component or system
will function as intended or, if it malfunctions, will do so in a safe manner. Integrity is
concerned with hazardous malfunctions and takes account of non-stochastic aspects such
as design errors as well as stochastic aspects such as component failures.

2.13 Severity level

Severity level is a qualitative measure of the possible consequences of a hazardous
event. With medical electrical equipment it is generally unnecessary to distinguish more
than four levels:

- catastrophic, if it has the potential of resulting in multiple deaths of serious injuries;

- critical, if it has the potential of resulting in death or serious injury;
- marginal, if it has the potential of resulting in injury; and
- negligible, if it has little or no potential to result in injury.

2.14 User/operator

These terms are defined as follows in IEC 601-1 (1988) to differentiate between the
person who (or the organization which) is responsible for the equipment, and the person
who actually handles it during normal operation:

USER: Authority responsible for the use and maintenance of EQUIPMENT (subclause
2.12.13).

OPERATOR: Person who handles EQUIPMENT (subclause 2.12.17).

_—
Nar
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Section 2: Safety and standards

3 Hazards

3.1 Causes of hazards

The application of medical electrical equipment may introduce hazards due to a number ot
causes including the following:

a) failure of a device to perform its intended function, (e.g. failure of a lung ventilator
to ventilate the patient, failure of an apnoea monitor to give an alarm);

b) incorrect function, (e.g. excessive drug delivery by an an infusion pump, excessive
temperature in a baby incubator, inaccurate measurement of a physiological
parameter);

¢) energies delivered when functioning normally, e.g.:

- leakage current or functional current tlowing from a cardiac defibrillator or from
high frequency surgical equipment unit through unintended pathways in the patient
or operator; ]

- exposure to radiation of an unintended part of the patient or operator;

- exposure of the patient or operator to ultrasonic energy or accelerated
elementary particles;

- excessive heating or cooling of the patient;
d) equipment faults, e.g.:
- fire, electric shock, explosion, expelied parts;

- excessive ionizing or non-ionizing radiation resulting from equipment
malfunction, leakage or over exposure;

- excessive temperatures of accessible surfaces leading to burns;

e) fire or explosion resulting from ignition of flammable material within the vicinity of
the medical electrical equipment;

f) mechanical failures in normal and fault conditions;

g) incorrect instaliation of medical electrical equipment, e.g.:
- inadequate earthing of an item of Class | medical electrical equipment;
- dangerous surfaces, corners or edges;
- physical instability;

h) incorrect selection of medical electrical equipment, (e.g. the use of medical
electrical equipment having a Type BF or Type B applied part to carry out an
intracardiac procedure);

i) incorrect use of medical electrical equipment, (e.g. selection of an incorrect energy
scale while using an internal cardiac defibrillator);

j) electromagnetic interference, (e.g. interference of an ECG display by high
frequency surgical equipment, generation of interference with adjacent medical
electrical equipment by strong magnetic fields emanating from a display);

k) release of corrosive, poisonous or hot liquids or gases, or contact with biologically
unsafe materials;
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I) disposal of material and byproducts resulting from the use of medical electrical
equipment, (e.g. the disposal of radioactive substances used in nuclear medicine).

3.2 Patient related hazards

Some hazards are specific to medical electrical equipment and are introduced or
exacerbated by the following circumstances:

a) inability of the patient or operator to detect the presence of certain potential
hazards, such as ionizing or high-frequency radiation;

b) absence of normal reactions by the patient, who may be ill, unconscious,
anaesthetized, under the effect of muscle relaxing drugs, immobilized, etc.;

c) absence of protection to electric current normally provided by the resistance of the
patient’s skin, if this is penetrated or treated to obtain low skin resistance;

d) application of electric circuits via low impedance connections to the patient. This
hazard exists at quite low current levels when the equipment is connected directly to
the patient’s heart;

e) deposition of metal ions into the patient's skin by the passage of direct current or
current having a d.c. component, which may result in tissue necrosis even at quite low
current levels if the current flows for more than a limited time;

f) unreliability or tailure of equipment used to support or replace vital body functions;

g) simultaneous connection of more than one item of medical electrical equipment to the
patient;

h) combination of high-frequency equipment and low-signal equipment, often in ad-hoc
combinations;

i) environmental conditions in patient treatment areas, which may present a
combination of humidity, moisture and/or fire or expfosion hazards caused by air,
oxygen or nitrous oxide combined with anaesthetic media and cleaning agents.

3.3 Operator hazards

Operators of medical electrical equipment may be exposed to hazards in the form of
substances, energies and ionizing or non-ionizing radiation which exceed the levels
permitted for the general public, e.g.:

a) workers in areas such as nuclear medicine, radiology and radiotherapy may be
exposed to radiation levels which are greater than those which are allowed for the
general public;

b) many heaith professionals are exposed to the possibility of electrocution or burning
from the high voltage output of equipment such as cardiac defibrillators and HF surgical
equipment, whereas users of most general purpose electrical equipment are protected
from exposure to voltages above extra-low voltage.

However these levels shall still be restricted to acceptable limits which should be as
low as reasonably achievable, and shall sometimes be restricted to lower limits than
those allowed for the patient.
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4 Factors atfecting safety

The safe use of medical electrical equipment depends on a number of factors, including:

a) design of the equipment, which must take into account and incorporate means for
avoiding hazards;

b) adequate validation of design, both hardware and software, prior to initiating
equipment production;

¢) application of good manufacturing practices during equipment production;
d) choice of appropriate equipment for the particular procedure;

e) operator understanding of the equipment and its application, which may depend on
training, or on equipment markings and manufacturers’ instructions;

f) use of accessories which are compatible with the equipment;

g) connection of the equipment to appropriate supplies, {e.g. electrical supply mains,
compressed gas lines);

h) preventive equipment maintenance;
i) use of specified parts during equipment repairs.

5 Measures to achieve safety

The safety of medical electrical equipment often requires an integrated approach in which
manufacturers and users implement a combination of measures involving:

a) requirements incorporated into the design of the equipment;

b) additional measures such as installation requirements, formal commissioning,
routine maintenance and safety testing; and

¢) measures requiring the users to be aware of the need for particular precautions in
the use of certain types of medical electrical equipment or in certain procedures.

To achieve overall safety, consideration should be given to whether there is a need for
formal standards in each of the above areas.

6 Goal of standards

The goal of safety and essential performance standards for medical electrical equipment is
to improve safety in the use of such equipment. This goal should be achieved by
developing standards which assist:

a) manufacturers in designing and assembling safe and effective products;

b) manufacturers, test houses and regulatory authorities in assessing compliance with
requirements; and

¢) health care professionals in managing risks associated with the use of these
products.
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7 Types of standards

Product standards for the safety and essential performance of medical electrical
equipment may fall into of one or more of the following categories (see 19.4).

7.1 Product standards
These standards relate to a specific product or group of products and include:

a) safety standards, comprising safety requirements which are necessary for, and
applicable to, the intended use of the product, (e.g. IEC 601-1 and its associated
collateral and particular standards for medical electrical equipment);

b) essential performance standards, which include requirements which:
- are necessary to ensure effective performance of the product;

- are necessary for many users who would be unable to identify or specify them
without reference to a suitable standard, or assess them without specialized
laboratory facilities; and

- can be specified in fully testable engineering terms through reproducible
compliance tests or assessment of design process;

NOTE - For medical electrical equipment, requirements described in a) and b) are often published as part
of the same standard.

¢) non-essential performance standards, which include matters which do not fall within
the area discussed in a) or b). These standards include performance requirements or
test methods which assist the manufacturer or user in specifying fitness for use.

Disclosure standards including associated test methods may be developped, where
adherence to marked or claimed performance is to be standardized.

7.2 Process standards
A number of types of standards fall within this category, including:

a) quality assurance (QA) standards, (e.g. standards for good manufacturing practice
(GMP) and quality control (QC), which are part of the quality system and are applied
where maintenance of type approved requirements or process-unique performance is
critical);

b) other standards which require assessment of "evidence of process”, (e.g. standards
for programmable electronic systems, sterility and ergonomics).

7.3 Instaliation and environmental standards
These standards include:
a) construction and installation standards, (e.g. X-ray shielding, electrical wiring rules);

b) systems standards, (e.g. critical requirements for correct interfacing and interaction),
such as:

- |EC 601-1-1, the collateral standard for medical electrical systems;
-~ standards for medical picture archival computer systems (PACS);

-~ standards for a medical information bus (MIB).
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¢) commissioning standards, where safety can be improved by carrying out design
evaluation or checking the correct installation and adjustment of equipment immediately
prior to initial use;

d) standards which limit the likely effect of the equipment on its environment or
the effect of external influences on the equipment, (e.g. standards relating to
electromagnetic compatibility).

7.4 Application standards
These standards include:

a) routine in-service testing standards, where safety can be jeopardized by wear and
tear of the equipment or the installation, (e.g. proposed IEC in-service testing
standards for cardiac defibrillators and HF surgical equipment);

b) constancy and calibration standards, where safety depends on confirmed equipment
function and accuracy;

¢) explanatory guidelines providing information about the hazards associated with
particular types of equipment and procedures, together with appropriate safety
recommendations;

d) user guidelines providing information about the safety classification systems used in
associated product standards.

8 Acceptable risk levels

ISO/IEC Guide 51 states that safety is a balance between freedom from risk and the other
demands on a product, process or service, including utility, suitability and cost. If satety is
defined as freedom from any risk, there can be no absolute safety in the use of medical
electrical equipment; its application can only be relatively safe or relatively unsafe. The
requirements of society, and theretore the acceptable degree of safety or risk, are subject
to social changes.

Very few things are perfectly sate, which would be the complete absence of risk. The
realistic expectation must be that risks are kept as low as possible, taking into account the
cost which would be incurred in further reducing risk and the benefits resulting from the
use of a product, process or service.

Society (including the users of medical electrical equipment, patients, manutacturers,
regulatory authorities and the general public) may desire or even expect medical electrical
equipment to be physically safe, perform as specified and produce appropriate results.
However, in developing appropriate product standards, the balance between risk and cost
must take into account the adverse effect of failure to use the product. A medical device
which saves a thousand lives and injures one person may be preferable to a device which
saves a hundred lives and injures no one. An associated consideration is the difference
(which is not easily evaluated) between on the one hand injuring a patient and on the
other hand tailing to save a fife.
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One function of medical electrical equipment product standards is to define an acceptable
level of risk in the foreseeable use, or even misuse of the equipment. In this respect, the
design and assessment of product safety depends on four complementary activities:

a) identifying the hazards which need to be considered;
b) evaluating the risks arising from these hazards;

c) establishing the level of safety required and obtaining agreement on acceptable risk
levels;

d) specifying safety requirements to eliminate or minimize these hazards and achieve
an acceptable risk level.

According to circumstances, these activities may be performed by the same or different
people, at the same or different times.

All these activities are carried out in developing product standards. However, the designer
or assessor of the product will also need to perform a further iteration to ensure that the
product does not introduce additional hazards besides those covered in the standard.
Activity c) is also a political and social activity involving a wide range of interests.

Product standards should therefore specify requirements and tests which relevant
organizations may use for the assessment of a finished product, or of the processes by
which the product is designed and manufactured. However it is often desirable for
manufacturers to be permitted to adopt different solutions from those specified in a
standard, provided they can demonstrate that an equivalent evel of safety is achieved.
Figure 1 is a flow diagram for identifying risk, establishing acceptable risk levels and
developing safety and essential performance requirements.
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HAZARD IDENTIFICATION

SEVERITY LEVEL ASSIGNMENT

RISK REQUIREMENTS ESTABLISHED

HAZARD ANALYSIS

SELECTION AND DEVELOPMENT OF DESIGN OPTIONS

DESIGN OPTION ANALYSIS

DECISION

IMPLEMENTATION

RISK CONTROL

MONITORING AND EVALUATION

REVIEW

Figure 1 — Flow diagram for risk management

9 Developing safety and essential performance requirements

9.1 Hazard identification

Before developing safety and essential performance requirements, the hazards associated
with a particular kind of equipment have to be identified.

A particular item of medical electrical equipment may be capable of causing or
contributing to a variety of hazards (see 3.1). IEC 601-1 also lists hazards according to a
series of categories, which should be used as a basis for the risk analysis for each
particular kind of equipment,
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An essential function of a particular standard is to list the hazards which are characteristic
of the particular type of equipment and need to be avoided or minimized, thus identifying
more precisely the general hazards which are addressed in IEC 601-1.

For example, clause 51 of the second edition of IEC 601-1 identifies the need for
protection against hazardous outputs. However the general standard only specifies
general requirements, and a particular device may have several important output
characteristics. For example, the output of an infusion pump is the rate of delivery of
solution, and any of the following specific output characteristics may cause a hazard:

a) error in average rate relative to set rate in normal operation;
b) variation in instantaneous rate with time in normal operation;
c) errors in total delivered volume, with or without an alarm, in the event of a fault.

Generally the use of a new technology (such as that employed in programmable electronic
systems) will not affect the range of hazards associated with a particular kind of
equipment, although it may introduce additional failure mechanisms which result in the
same hazards. Appropriate requirements for new technologies are usually associated with
essential performance, rather than with protection against basic safety hazards such as
fire and electric shock.

9.2 Severity level

Another function of a particular standard is the assessment of each identified hazard to
determine its severity level.

Even if acceptable risk cannot be defined precisely, the process of systematically listing
hazards and assigning their severity level ensures that each hazard receives an
appropriate degree of consideration during the design of a product.

There may be more than one way in which the same hazard can arise, with different levels
of concern. For example, a potential hazard in an infusion pump could be failure to stop
infusing when the desired volume has been delivered. This could occur because of pump
maltfunction or through an error by the operator in setting the desired volume. The severity
level is the same in both cases, but the measures for dealing with the risk, and the
effectiveness of those measures, may differ. The probability of delivering an excessive
volume due to equipment malfunction should be low, because this problem can be
addressed in the design. However the best that can be done to avoid operator error may
be to require the equipment to give a clear indication of the volume which has been set.

The severity of a hazard may not only depend on the equipment design. For example, the
effect on the patient of an excessive flow rate from an infusion pump depends on what
fluid is being delivered, how long the excess rate continues, and the patient’s health. Thus
the same hazard may have different severity levels under different circumstances. If the
circumstances are unpredictable, the severity level should be determined from the worst
plausible case.
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