IEC TR 60601-4-1:2017-05(en)

IEC IEC TR 60601-4-1

Edition 1.0 2017-05

TECHNICAL
REPORT

Q@d\ @

Medgical electrical equipment —
Parnt 4-1: Guidance and interpretation — MeQ@I electrical equipment and mpdical
elegtrical systems employing a degree g@utonomy



https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 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

IEC

3, rue de Varembé

Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00

CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch
About the IEC
The Ihternational Electrotechnical Commission (IEC) is the leading global organization that prepares and, puljlishes

Intern|

ptional Standards for all electrical, electronic and related technologies.

About IEC publications

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

IEC Cptalogue - webstore.iec.ch/catalogue Electropedia - www.electropédia-org

The [tand-alone application for consulting the entre  The world's leading online(dictionary of electroni¢ and
bibliographical information on IEC International Standards, electrical terms containing.20 000 terms and definitipns in
Technjical Specifications, Technical Reports and other  English and French, with“equivalent terms in 16 additional
docunpents. Available for PC, Mac OS, Android Tablets and  languages. Also knowh as the International Electrote¢hnical
iPad. Vocabulary (IEV)/6nline.

IEC publications search - www.iec.ch/searchpub IEC Glossary*= std.iec.ch/glossary

The apvanced search enables to find IEC publications by a

65 000 electrotechnical terminology entries in Engligh and

variety of criteria (reference number, text, technical  French-extracted from the Terms and Definitions clapse of
commjttee,...). It also gives information on projects, replaced IEC publications issued since 2002. Some entries havg been
and withdrawn publications. collected from earlier publications of IEC TC 37, 77, §6 and
IEC Just Published - webstore.iec.ch/justpublished QePR.

Stay yp to date on all new IEC publications. Just Published IEC Customer Service Centre - webstore.iec.ch/csc

detailg all new publications released. Available online amd If you wish to give us your feedback on this publication or
also opce a month by email. need further assistance, please contact the Customer Jervice

Centre: csc@iec.ch.



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

IEC TR 60601-4-1
o | iz

TECHNICAL
REPORT

X\
2k
/\ .
N’ |
S [ P Tt
Q
©
&L
o)
N
o

Medical electrical equipment — <<

Part 4-1: Guidance and interpretation — Mngl electrical equipment and medical
elegtrical systems employing a degree tonomy

\‘QQ
o
Q\
xO
<
>
>
©
N

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 11.040.01 ISBN 978-2-8322-4329-9

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



https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

-2- IEC TR 60601-4-1:2017 © |IEC 2017

CONTENTS
FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 5
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 7
1 S ToTo] o 1 S 9
2 NOIMALtIVE FEFEIENCES ... 9
3 Terms and definitioNs ... 10
4 DEGREE OF AUTONOMY (DOA) cituitutinetti et eet e et e e e e e e e e e e e e e et e e et e e et e et e et e et e et e et e et eeanns 17
4 1 Introduction to DEGREE OF AUTONQMY. 17
442 Methodology to determine DEGREE OF AUTONOMY .....uiuuuieunieuniiieiieeieeieeneenie e L. 17
413 Relationship between DOA and RISK ......ooiiiiiiii e e e ...18
5 PROCESS STANDARDS SUPPOIting DOA ....ouiiiiiiiiieiieeiaee e eee e e e e Bt ...18
5]1 GENETAL .. e e ...18
5)2 RISK MANAGEMENT PROCESS ....uuiiiiiiiieiieiieeieeieenesieeneeneeneen s ba b eenneenneenneennns ...19
5.2.1 Defining INTENDED USE ..iuuiiiiiiiieiineeieeieee e e e e e o Do e e et e et e et eeeeenes ...19
5.2.2 INTENDED USE and characteristics related to SAFETY ./0...0 i ... 19
53 RISK CONTROL ... tteiieii et e e e e e e e e e e e e e e e e e et e e e e e e e e e eenes ...20
5.3.1 GENEIAI .. T e ...20
5.3.2 RISK CONTROL hierarchy ........cooooiiiiii N e ... 21
54 USABILITY engineering considerations for MEE/OrMEs having a higher DOA........., ... 22
5.4.1 GENETAl e ...22
5.4.2 OPERATOR situation awareness ... . i, ...22
5.4.3 OPERATOR reaction time ... ... 80 s ...23
5.4.4 OPERATOR sensory input and f&€SPONSE . ....ieuiiniiiiiiiiieeee e ...23
5.4.5 Detectability by OPERATOR.of malfunction or errors of MEE or MES with a
Y Lo g T=T o T P ...23
55 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) and software
development LIFE CYCLEYHEC 62304) ....oniriiiiii e ...23
56 Application of RISK MANAGEMENT for IT-networks incorporating medical
AEVICES oo g e ...24
6 |BASIC SAFETY and ESSENTIAL PERFORMANCE related t0 DOA ........ccoviviviiiiiiiiiieeeeeeee, ...25
61 LT = N = IR PP ...25
6)2 BASIC SAFETY related 10 DOA ... ...25
6J3 ESSENTIAL PERFORMANCE related t0 DOA.......oovuiiiiiiii e ...26
Anngx A (informative) Rationale for defining the AUTOMATIC, AUTONOMY and DOA
framework and the distinction between a MEDICAL ROBOT and other MEE or MES........... ...28
Al1 (=Y o =Y = | D PP PSPPI ...28
AZ EXISTINg defNItioONS and NMITATIONS ..oooeeeer s ee s s e ea e seeseeeaeeeaeneenanarnennns 28
A3 NEW APPrOACNES ... e 29
A.4 Definition of MONITOR — GENERATE — SELECT — EXECUTE ...uuiiuiiiiiiiieiiieeieeeiee e 30
A.5 Approaches to define ROBOT and MEDICAL ROBOT .....cuuiuiiiiiiiiieieeeeieeieeneeaeeaeeneenns 31
A.6 L070] o Tod [U1=] o] o F- TP PSP 31
Annex B (informative) DOA and relevant terms used in MEE standards..............ccoovviiennnnnnn. 32
B.1 L= a1 =Y PP 32
B.2 P IO AU .. 32
B.3 RESUIS e s 32
B.3.1 SUMIMIATY ittt e e e e e et e e e e e et et e et et e it e e e e e aaaes 32
B.3.2 1= o 1= PP 33
Annex C (informative) Exemplar methods for classifying DEGREE OF AUTONOMY .................... 42


https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

IEC TR 60601-4-1:2017 © IEC 2017 -3-

C.1 Descriptive Method ... e 42
C.2 Binary Method. .. ..o e 43
C.3 Weighted Method .. ... e 44
Annex D (informative) Examples of introducing DOA t0 MEE/MES ......ccouiiuiiiiiiiiiiaieiieeeeeeeeen 50
D.1 LT =Y o =T - ¥ S 50
D.2 Example 1 — Lower extremity exoskeleton...........ooiiiiiiii e 50
D.2.1 Description of the medical procedures ...........ccoooviiiiiiiiiiii e, 50
D.2.2 DoA classification method ... 50
D.2.3 Effect of DOA on the RISK MANAGEMENT PROCESS ......iuuuiiiiiiiieiieeiieeeieeeieeeieennn 52
D13 Example 2 — Orthopaedic MEE/MES/MEDICAL ROBOT for reshaping bone..........A., ...54
D.3.1 Description of the medical procedures ...........cccoeiiiiiiiiiiiiii e 0 ...54
D.3.2 DoA classification method...........ooooiiiiiiiiii g ...54
D.3.3 Effect of DOA on the RISK MANAGEMENT PROCESS ......cccvevineveneee e Bfinneeinennnnd ...55
D.3.4 Summary and CONCIUSIONS .......iiiiiiiiie e N ...55
Dl4 Example 3 — Instrument exchange on robotically-assisted surgical equipment ..|...55
D.4.1 Description of the medical procedures ...........ccooeeeee MO, ...55
D.4.2 DoA classification method ... ... 56
D.4.3 Effect of DOA on the RISK MANAGEMENT PROCESS £} vuuiineiineiineeineeenernnaannnns ...56
D.4.4 Summary and conClUSIONS .......ccoviiiiiiie e S ...57
D{5 Example 4 — Master—slave robotically-assisted surgical equipment.................... ...57
D.5.1 Description of the medical procedures % .....ccovviiiiiiiiii e, ...57
D.5.2 DoA classification method ... 8 ...58
D.5.3 Effect of DOA on RISK MANAGEMENTPROCESS .....ccuuiiiiiiiiiiiieeiieeiiee e eieeeieeeene ...58
D.5.4 Summary and CONCIUSIONS ... e ...58
D6 Example 5 — Image-guided radiotherapy equipment ... ...58
D.6.1 Description of the medicalprocedures ...........ccoooviiiiiiiiiii e, ...58
D.6.2 DoA classification method ... ...59
D.6.3 RISK ANALYSIS for each level of DOA ... ...61
D.6.4 Effect of DOA onthe RISK MANAGEMENT PROCESS ...ccvuiivniiineiineeieeineeineeenaennnnd ...61
D.6.5 Summary and CoNCIUSIONS .....ouuiiiiiii s ...61
D}7 Example 6 — Automated external defibrillator (AED).........ccooviiiiiiiiiiieeen ...62
D.7.1 Description of the medical procedures ..o ...62
D.7.2 DoA'classification method ... ...63
D.7.3 Effect of DOA on the RISK MANAGEMENT PROCESS ......ccuuiiuneiieiieeieeineenneennnns ...64
D.7.4 Summary and CONCIUSIONS .....ouuiiiii e ...64
Anngx E/(informative) PATIENT SAFETY characteristics to be taken into account during
RISK, MANAGEMENT for MEE or MES employing DOA.......ccuiiiiiiie e ...65
E TYPES OF PATTENTS <o iie e iees e e smnammn s e emaemaseasrnaanaeeesaneeansaanaaaennens 65
E.2 Additional attention for child (PATIENT) SAFETY ..uiuniiii e 65
E.3 PATIENT abilities and variability of physiological signals ...........cccocoviiiiiiinnn. 66
E.3.1 ISOIEC GUIAE 71 ettt e e e e 66
E.3.2 Changing need and abilities of PATIENTS .....couiiiiiiii e 66
E.3.3 PATIENT’S s€nsory abilities......c.oooiiiii e, 66
E.3.4 PATIENT'S PHYSICAL ABILITIES ouuiiuuiiteiteeteeieeeie et e et e et e et e e e et e e e e eeneeneeenns 67
E.3.5 PATIENT'S COGNITIVE ABILITIES ..utituiiieiteeteeieeeteeeiae et eeiae et e e e et e et e e eeaeeneennns 67
E.3.6 PATIENT ALLERGIES ..uttuiitneiie et et et et e et e e et e e e e e et e e e e e e e e e e e eanes 67
ANNEX F (informative) PHYSIOLOGIC CLOSED-LOOP CONTROL SYSTEM AND DOA ......ccvuevvneiinnnnnnns 69
Annex G (informative) Examples of distributed ESSENTIAL PERFORMANCE .......cccuviunieiniennennnes 72

71 0] [ Yo = o1 2 /278 75


https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

-4 - IEC TR 60601-4-1:2017 © |IEC 2017

Figure 1 — Basic model of interoperability of MEE in an MES (Order of execution: 1to 3)........ 25
Figure A.1 — ALFUS approach applied to MEE or MES applications............c.ccoeviiiiiiiiiiiniiennns 30
Figure C.1 — Application of weighted method to the “MONITOR” TASK......cccoviuiiiiiiiiiiiiiiiieeen, 45
Figure C.2 — Application of weighted method to “GENERATE OPTIONS” .......iiiuiiiiniiineiieiieeinnens 46
Figure C.3 — Application of weighted method to “SELECT OPTION” TASK ......cvvviiniineiniineeieennannns 47
Figure C.4 — Application of weighted method to the “EXECUTE” TASK......cccvviiiiiiiiniiiieiieeieanes 48
Figure F.1 — Functional diagram indicating typical components of a PHYSIOLOGIC

CLOYED-TOUP CONTROL SYSTEM (PCLCS) UtiiZiMga PCrC oo ...69
Figufe F.2 — Examples of introducing DOA into the MONITORING TASK via PCLCS .......... 0\ ...70
Figufre F.3 — Examples of introducing DOA into the GENERATING TASK via PCLCS ........«......| ...70
Figufe F.4 — Examples of introducing DOA into the SELECTION TASK via PCLCS. /..., ...70
Figure F.5 — Examples of introducing DOA into the EXECUTION TASK via PCLES-................., ... 71
Tablg 1 — Examples of ESSENTIAL PERFORMANCE of MEE or MES with @ DOA ..................eenee. ...27
Tablg B.1 — List of terms that indicate the use of AUTONOMY ... .0 S, L..33
Tablg B.2 — List of reviewed standards — sorted by standard number (1 of 4)..................... ...34
Tablg B.3 — List of identified inconsistencies in reviewed standards (1 of 2).........c...c...c... ...40
Tablg C.1 — Descriptive classification of DOA...........c.miC e ...43
Tablg C.2 — Binary classification of DOA ... S, ...44
Tablg D.1 — Example 1 — Effect of DOA on the RISK'MANAGEMENT PROCESS ......ccevueeuiennannnnn. ...52
Tablg D.2 — Example 1 — Physical and cognitive capability of individual and CLINICAL
FUNGTION NEEAECA ...ttt s e ettt ettt et e et e et e et ettt e e e e ea e e e ens ...52
Tablg D.3 — Example 1 — Sub-function TASK €Xample.......ccooeiiiiiiiiee e ...53
Tablg D.4 — Example 2 — Effect of DA on the RISK MANAGEMENT PROCESS ......cceeuveuiennannnnn. ...55
Tablg D.5 — Example 3 — Compatison of instrument exchange design implementations ..... ...57
Tablg D.6 — Example 3 — Efféct of DOA on the RISK MANAGEMENT PROCESS ......ccevvevvennennnsn. ...57
Tablg D.7 — Example 4 <Effect of DOA on the RISK MANAGEMENT PROCESS ........ccvvvvvennennnnn. ...58
Tablg D.8 — Example(5 )~ Descriptive classification of DOA for IGRT MEE ..........ccccoiinieninee. ...60
Tablg D.9 — Example’5 — Binary classification of DOA for IGRT MEE.........ccoiviviiiiiiiiiiiiniennnd ...60
Tablg D.10 — Example 5 — Effect of DOA on the RISK MANAGEMENT PROCESS .......c.cccvevvuennnen. ...62
Tablg D.11~Example 6 — Descriptive method classification of DOA in external

Lo 1= 1o 111 F=T o £ ..63
Tablg D12 — Example 6 — Effect of DOA on the RISK MANAGEMENT PROCESS ......cccueuunnn...... ...64

Table G.1 — Examples of distributed ESSENTIAL PERFORMANCE (1 Of 3) ..c.iiiiiiiiiiiiiiiien, 72


https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

IEC TR 60601-4-1:2017 © IEC 2017 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)
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MEDICAL ELECTRICAL EQUIPMENT -

Part 4-1: Guidance and interpretation —
Medical electrical equipment and medical
electrical systems employing a degree of autonomy
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The
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
national electrotechnical committees (IEC National Committees). The object of IEC is to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fielg

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafterreferred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intef
the subject dealt with may participate in this preparatory work. Internatiomal,; governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c
th the International Organization for Standardization (ISO) in accordan®e ‘with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each techniéal ‘committee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N3
mmittees in that sense. While all reasonable efforts are“made to ensure that the technical content g
blications is accurate, IEC cannot be held responsjble’for the way in which they are used or fol
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible ja“\their national and regional publications. Any diver
e |atter.

C itself does not provide any attestation 'of conformity. Independent certification bodies provide confi
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fd
rvices carried out by independent certification bodies.

users should ensure that they hHave the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
penses arising out(of) the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
Hispensable{for.the correct application of this publication.

tention is\drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IEC shall not be held responsible for identifying any or all such patent rights.

main task of IEC technical committees is to prepare International Standards. Howey

liability shall attach to IEC\or its directors, employees, servants or agents including individual experﬂs and

rising
mote
s. To

s end and in addition to other activities, IEC publishes International Standards, TecChnical Specificdtions,

“IEC
ested
non-
osely
bd by

tional
m all

tional
f IEC
r any

htions
jence

tween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

rmity
r any

ge or
) and
r IEC

ns is

bct of

er, a

IEC 60601-4-1, which is a technical report, has been prepared by a Joint Working Group of
IEC subcommittee 62A: Common aspects of electrical equipment used in medical practice, of
IEC technical committee 62: Electrical equipment in medical practice, and ISO technical
committee 299: Robotics.

It is published as a double logo standard.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62A/1099/DTR 62A/1129A/RVDTR

Full information on the voting for the approval of this technical report can be found in the
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The

stabllity date indicated on the IEC website under "http:flwebstore.iec.ch" in the data relat
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e T
e
e T

e amended.

A bil

rt on voting indicated in the above table.

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

s technical report, the following print types are used:

bcommendations and definitions: roman type.
pst instructions: italic type.

formative material appearing outside of tables, such as notes, examples and referencess in smaller type

ormative text of tables is also in a smaller type.

ERMS DEFINED IN CLAUSE 3 OF THIS TECHNICAL REPORT OR AS NOTED{/SMALL CAPITALS.

| of all parts of the IEC 60601 series, published under the géneral title Medical elec
bment, can be found on the IEC website.

committee has decided that the contents of this document will remain unchanged unt
pecific document. At this date, the document will\be

bconfirmed,
ithdrawn,

bplaced by a revised edition, or

ngual version of this publication may be issued at a later date.
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| the
ed to

IMF
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erstanding. of its contents. Users should therefore print this document usin
pur printer-:
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INTRODUCTION

This Technical Report is the result of work that began in ISO/TC 184/SC 2/WG 7 in October
2006 on personal care ROBOTS, to address an emerging type of ROBOT that was used outside
of an industrial environment. That group was working on a new standard, 1ISO 13482, which
was published as an International Standard (IS) in 2014. While initially focused on non-
medical applications, WG 7 recognized that work was likely to be needed on medical devices
utilizing robotic technology. In September 2009, ISO/TC 184/SC 2 established a WG 7, Study
Group (SG) on Medical care robots, comprised of experts from Canada, France, Germany,
Japan, Korea, Romania, Switzerland, UK and USA.

The [work of ISO/TC 184/SC 2/WG 7 1 SG cumulated in a proposal to form a Joint Working
Groyp with IEC/SC 62A to develop general requirements and guidance related to the SAFETY
of MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS that utilize ropotic
techpology. The work would include medical applications (including aids for the disabled)
covering invasive and non-invasive procedures such as surgery, rehabilitation thefapy,
imaging and other ROBOTS for medical diagnosis and treatment. The propoesal was apprdgved,
resulting in the formation of Joint Working Group (JWG) 9 (Medical elegtrical equipment and
systems using robotic technology) and the first meeting was held in-Los Angeles in June
2011.

JW({J 9 examined the definition of a ROBOT from ISO 8373:20)2(which was later modified| to a
‘programmed actuated mechanism with a DEGREE OF AUTONOMY (DOA), moving within its
envifonment, to perform intended TASKS”) and AUTONOMY;*(the “ability to perform intepded
TASK|S based on current state and sensing, without humian intervention”). It was recognizgd by
JW(J 9 that these definitions could need further tefinement to establish the appropriate
boundaries for future standardisation work. AUTONOMY and DEGREE OF AUTONOMY (DOA) ere
felt {o be key ingredients in distinguishing a ¢MEDICAL ROBOT” from other types of MEDICAL
ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS.

Howpever, JWG 9 came to realize that there are currently standardized MEDICAL ELECTRICAL
EQUIPMENT and MEDICAL ELECTRICAL SYSFEMS that exhibit a DOA. Therefore, DOA by itself i$ not
a un|que characteristic of a MEDICAL-ROBOT. This can be stated more clearly as follows:

— not all MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS that exhibit a| DoA
jre MEDICAL ROBOTS; but

[l MEDICAL ROBOTS exhibit a DOA.

Hen¢e a MEDICAL ROGBOT can be a MEDICAL ELECTRICAL EQUIPMENT or part of a MEDICAL
ELECITRICAL SYSTEM, but not all MEDICAL ELECTRICAL EQUIPMENT are MEDICAL ROBOTS.

NOTH The majority of existing MEDICAL ELECTRICAL EQUIPMENT are not considered as MEDICAL ROBOTS.

The [MANUFACTURER states clearly the type of MEDICAL ELECTRICAL EQUIPMENT and MERICAL
ELECITRICAL SYSTEM through the INTENDED USE of their product. For this INTENDED USE, a
definitiomof MEDteAr ROBOTwoutd—behetpfut-tohaveacommomunderstanding—if-thisMEDICAL
ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEM can be tagged as a MEDICAL ROBOT
equipment or MEDICAL ROBOT system. The definition of MEDICAL ROBOT is therefore helpful to
distinguish if the MEDICAL ELECTRICAL EQUIPMENT Or MEDICAL ELECTRICAL SYSTEM is a MEDICAL
ROBOT and the INTENDED USE as indicated by the MANUFACTURER. This distinction is clarified in
Annex A.

DoA is normally considered for adoption into MEDICAL ELECTRICAL EQUIPMENT and MEDICAL
ELECTRICAL SYSTEMS for the following reasons:

— DOA could give benefits to CLINICAL FUNCTION outcomes;

1) 1SO TC 184/SC 2 was reformed to 1ISO TC 299 in January 2016.
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— DOA could give economic value to MEDICAL ELECTRICAL EQUIPMENT;

— DOA could improve the consistency of medical procedures;

— DOA could handle more complex data;

— DOA could lead to faster reaction times;

— DOA could optimise medical procedure times or duration;

— DOA could make it easier to integrate MEDICAL ELECTRICAL SYSTEMS;

— DOA could decrease the overall level of RISK; and

— DOA could change the role of an OPERATOR to a more supervisory than active (hands on)
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possible new Technical Report once fully developed. JWG 9 looked at existing MEL
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accident [70].2 To avoid similar mistakes in the field of MEDICAL ELECTRICAL EQUIPMENT
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der to progress the work of JWG 9, it was agreed to focus on the IEC 60601-1"stan
y and see how specific clauses could be extended to cover the additional DOA issues

TRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS that had characteristics of a R
d on the definition, and investigated the suitability of the existing standards to add
IAZARDS associated with their use. As a result of this investigation;libwas acknowle
IEC 60601 (all parts), ISO 14971, |EC 62366-1 and IEC 62304~ provide approp
ral requirements and guidance on how to address the HAZARDS; however, eme
ionality associated with increased DOA on MEDICAL ELECTRICAL EQUIPMENT and MEL
TRICAL SYSTEMS, whether a ROBOT or not, could result in(situations where BASIC SA
ESSENTIAL PERFORMANCE are considered again by the MANUFACTURER.

ption, and this document is intended to providesguidance for MANUFACTURERS and o
s field on how DOA could be introduced into.MEDICAL ELECTRICAL EQUIPMENT and MEL
TRICAL SYSTEMS. Incorporation of higher¢lévels of AUTONOMY in MEDICAL ELECTH
PMENT and MEDICAL ELECTRICAL SYSTEMS s, still new and rapidly evolving, and at the
iting this document does not lend itself o general standardization.

dard

ina

ICAL
DBOT
ress
jged
riate
ging
ICAL
FETY

ent MEDICAL ELECTRICAL EQUIPMENT standards do-nhot fully address higher DOA modg¢s of

hers
ICAL
ICAL
time

importance of understanding DOA~can be illustrated by examining its effects in ¢ther

btries. The airline industry is~one example in which increasing DOA has often
emented as a RISK CONTROL measure. However, there are numerous examples in
e industry in which increased DOA was found to have been a major contributor to a

CAL ELECTRICAL SYSTEMS, MANUFACTURERS learn from these other fields and not
acterize DOA but also'understand its potential for unintentionally increasing RISK.

been
the
fatal
and
only

IEC

important to paint out that this IEC document is an informative document as are all
nical Reports' (ISO/IEC Guide 2 [61]). The concept and approach stated in the STA

E OF

\RT are (Nt intended to be addressed through this informative document. This docupent

com
and F

t used-as a normative requirement as per the claimed STATE OF THE ART by any counfry or
unity. This document is an informative document, which is intended to provide exigting
ufure designers of MEDICAL ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEMS gome

guidance and direction concerning the adoption of DOA. This document is not applicable as a
base for a testing procedure or writing a test protocol template.

2 Numbers in square brackets refer to the bibliography.
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This|Part of IEC 60601 is intended to help a MANUFACTURER through the key decisions
step$ to be taken to perform a detailed RISK MANAGEMENT and USABILITY ENGINEH
PROGESSES for MEDICAL ELECTRICAL EQUIPMENT or a MEDICAL ELECTRICAL SYSTEM, here
referred to as MEE or MES, employing a DEGREE OF AUTONOMY (DOA).

This|document provides a definition of DOA of MEE or MES and a MEDICAL ROBOT, and
prov|des guidance on:

Unlefss specified otherwise, this documenticonsiders MEE and MES together.

The [MANUFACTURER of an MEE or MES with a DOA is expected to design and manufactur
or MES that fulfils its INTENDED-USE and does not have unacceptable RISk througholit its
LIFE-CYCLE.

MEE

This| document provides -guidance to help the MANUFACTURER in complying with
requjrements of IEC 60601-1:2005 and IEC 60601-1:2005/AMD1:2012 for MEE and MES
DOA.|The documentis-also intended as guidance for future standard writers.

There are no prerequisites to this document.

2

MEDICAL ELECTRICAL EQUIPMENT -
Part 4-1: Guidance and interpretation —

Medical electrical equipment and medical
electrical systems employing a degree of autonomy

L00pe

ethodologies to perform the RISK MANAGEMENT PROCESS and USABILITY ENGINEERING f
EE or MES with a DOA;

nsiderations of BASIC SAFETY and ESSENTIAL PERFORMANCE for an MEE and MES w,
OA; and

identifying the use of DOA, and similar concepts in. existing ISO/IEC standards dealing
EE or MES with the goal to facilitate alignment of standards by consistent use o
ncept of DOA; and

istinguishing between MEDICAL ROBOTS, and other MEE and MES.

Normative references

and
RING
after

also

DI an

with
the

e an

the
with

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic
safety and essential performance
IEC 60601-1:2005/AMD1:2012 3

3 There exists a consolidated edition 3.1, including IEC 60601-1:2005 and its Amendment 1:2012.


https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

-10 - IEC TR 60601-4-1:2017 © |IEC 2017

IEC 62304:2006, Medical device software — Software life cycle processes
IEC 62304:2006/AMD1:2015 4

IEC 62366-1:2015, Medical devices — Part 1: Application of usability engineering to medical
devices

IEC 80001-1:2010, Application of risk management for IT-networks incorporating medical
devices — Part 1: Roles, responsibilities and activities

ISO 14971:2007, Medical devices — Application of risk management to medical devices

3 Terms and definitions
For fhe purposes of this document, the following terms and definitions apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following
addresses:

FC Electropedia: available at http://www.electropedia.org/

50 Online browsing platform: available at http://www.iso.org/obp.

3.1
APPLIED PART
part |of MEE that in normal use necessarily comes into ‘physical contact with the PATIEN[T for
MEE pr an MES to perform its function

Note [l to entry: See Figure 3, Figure 4 and Figure A.1 to Figure A.7 (inclusive) [of IEC 60601-1:2005].

Note P to entry: See also 4.6 [of IEC 60601-1/AMD*2012] regarding the treatment of parts that do not fall within
the definition of APPLIED PARTS but need to beitreated as APPLIED PARTS as a result of applying thel RISk
MANAGEMENT PROCESS.

Note B to entry: See also 3.78 [of IEC60601-1:2005] for the definition of the associated term “PATIENT
CONNECTION”.

[SOURCE: IEC 60601-1:2005,°3.8]

3.2
AUTQMATIC
referring to capabilities that, under specified conditions, function without OPERATOR
interpention

Note || to entry® Some, but not all MEE and MES have functions with certain DOA stated as AUTOMATIC. Becalse of
possible confusion, it is recommended that the term AUTOMATIC not be used when referring to DOA of MEE or MES.

Note Rte-entry- Definition-derived from-lEC 68244323 .2-20412 2 41 7
—t LA A e HH O ae - ea—+Hoi—= =4 O

=T

3.3
AUTONOMOUS
having full AUTONOMY

Note 1 to entry: The term AUTONOMOUS in common language has been used to indicate ‘having high DOA’ without
specifying what degree is ‘high’. It is recommended that the term AUTONOMOUS be used carefully.

Note 2 to entry: This definition of the term AUTONOMOUS was developed taking into account the definition in
IEC TR 61850-90-7:2013, 3.1. The rationale for the modification is given in Clause A.2.

4 There exists a consolidated edition 1.1, including IEC 62304:2006 and its Amendment 1:2015.
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3.4

AUTONOMY

capacity to MONITOR, GENERATE, SELECT and EXECUTE to perform a CLINICAL FUNCTION with no
or limited OPERATOR intervention

Note 1 to entry: The term AUTONOMY in common language has been used to indicate ‘null DOA’ or ‘full DOA’ without
allowing intermediate capability. It is recommended that the term AUTONOMY be used carefully, and whenever
possible, to use the term DOA instead.

Note 2 to entry: The terms ‘null (no, zero) AUTONOMY’ and ‘full AUTONOMY’ can be used to mean ‘null DOA’ and ‘full
DOA’ without confusion.

Note p—t 4 Tl ST bl 4 ol 1 bl ok e itlo ol oriaids H
ole p—ro—entry: rsS—oe oo e termMATTONOMY—was—aeveropea—takmg—mto—accotmt—tme—aeHon In

ISO 8373:2012, 2.2. The rationale for the modification is given in Clause A.2.

3.5
BASIC SAFETY
freedom from unacceptable RISK directly caused by physical HAZARDS when MEE!is used under
NORNIAL CONDITION and SINGLE FAULT CONDITION

[SOYRCE: IEC 60601-1:2005, 3.10]

3.6
CLINICAL FUNCTION
medical operation that the MEE or MES is intended to perform

Note [| to entry: CLINICAL FUNCTION is generally a subset of the.INTENDED USE of the MEE or MES related fo the
PATIENT.

3.7
DEGREE OF AUTONOMY
DOA
taxopomy based on the properties and capabilities of the MEE or MES related to AUTONOMY

3.8
ESSENTIAL PERFORMANCE
perfoarmance of a CLINICAL FUNETION, other than that related to BASIC SAFETY, where logs or
degrpdation beyond the limits'specified by the MANUFACTURER results in an unacceptable RISK

[SOYRCE: IEC 60601-1:2005/AMD1:2012, 3.27, modified — Note deleted]

3.9
EXEQUTE, verb
carry out the'selected OPTION

Note [ to’entry: Derived from Kaber and Endsley [70], which originally used ‘implementing’ instead of EXECUTE.

3.10
EXPECTED SERVICE LIFE

time period specified by the MANUFACTURER during which the ME EQUIPMENT or ME SYSTEM is
expected to remain safe for use (i.e. maintain BASIC SAFETY and ESSENTIAL PERFORMANCE)

Note 1 to entry: Maintenance can be necessary during the EXPECTED SERVICE LIFE.

[SOURCE: IEC 60601-1/AMD1:2012, 3.28]

3.11

GENERATE, verb

to formulate possible OPTIONS, based on the result of the MONITOR TASK, for achieving
predefined goals
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Note 1 to entry: Derived from Kaber and Endsley [70], which defined the term as 'formulating options or TASK
strategies for achieving goals'.

3.12

HARM

physical injury or damage to the health of people or animals, or damage to property or the
environment

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.38]

3.13
HAZARD
poteptial source of HARM

[SOYRCE: IEC 60601-1:2005/AMD1:2012, 3.39]

3.14
HAZARDOUS SITUATION
circdmstance in which people, property, or the environment are exposed to one or more
HAZARD(S)

[SOYURCE: IEC 60601-1:2005/AMD1:2012, 3.40]

3.15
INTENDED USE
use [for which a product, PROCESS or service is jntended according to the specificat|ons,
instrpctions and information provided by the MANUFACTURER

[SOYRCE: IEC 60601-1:2005/AMD1:2012,.3/44, modified — Deletion of the term "INTENDED
PURHAOSE".]

3.16
LIFE{CYCLE
all phases in the life of a MEE orMES, from the initial conception to final decommissioning and
disp¢sal

[SOURCE: ISO 14971:2007, 2.7, modified — "Medical device" replaced by "MEE or MES".]

3.17
MANUFACTURER
natufal or legalkperson with responsibility for the design, manufacture, packaging, or labglling
of MEE, assembling an MES, or adapting MEE or an MES, regardless of whether these
operptionsjare performed by that person or on that person's behalf by a third party

[SOURCE: TEC 606071-1:2005/AMD1:2012, 3.55]

3.18

MEDICAL ELECTRICAL EQUIPMENT

MEE

electrical equipment having an APPLIED PART or transferring energy to or from the PATIENT or
detecting such energy transfer to or from the PATIENT and which is:

a) provided with not more than one connection to a particular SUPPLY MAINS; and
b) intended by its MANUFACTURER to be used:

1) in the diagnosis, treatment, or monitoring of a PATIENT; or

2) for compensation or alleviation of disease, injury or disability

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.63, modified — Notes deleted.]
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MEDICAL ELECTRICAL SYSTEM

MES

combination, as specified by its MANUFACTURER, of items of equipment, at least one of which
is MEE to be inter-connected by functional connection or by use of a multiple socket-outlet

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.64, modified — Note deleted.]

3.20

MEDICAL ROBOT

RoBQIL intended to be used as MEF or MES

3.21

MISUSE

use pf MEE or an MES not intended by the MANUFACTURER

Note [l to entry: Includes reasonably foreseeable MISUSE and not foreseeable MISUSE.

3.22

MOBILE

term| referring to TRANSPORTABLE equipment that, once installed ‘and placed into servig

intennded to be moved from one location to another while supported by its own whee

equi

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.65, modified — Note deleted.]

3.23
MON

to cqllect and interpret necessary information’to perceive the status of MEE or MES, PAT
OPERATOR, or environment

Note

informpation relevant to perceiving system status (e.g. scanning visual displays)'.

3.24

NORMAL CONDITION
condition in which all means provided for protection against HAZARDS are intact

[SOURCE: IEC 60601-1:2005, 3.70]

3.25

OPERATOR

pers

[SO

alent means

TOR, verb

to entry: Derived from Kaber and Endsley [70], which defined the term as 'which includes taking

bn handling equipment

e, is
s or

ENT,

in all

RCE: IEC 60601-1:2005, 3.73, modified — Note deleted.]

3.26

OPTION
TASK strategy able to achieve the desired CLINICAL FUNCTION

3.27

PATIENT
living being (person or animal) undergoing a medical, surgical or dental procedure

Note

1 to entry: A PATIENT can be an OPERATOR.

[SOURCE: IEC 60601-1:2005, 3.76]
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PHYSIOLOGIC CLOSED-LOOP CONTROLLER
element of a physiologic closed-loop control system in which a feedback variable is compared
with a reference variable, and their difference is transformed to set the controller output
variable

[SOURCE: IEC 60601-1-10:2007, 3.20, modified — Definition simplified to remove variable
notation and informative reference to Figure 1 of IEC 60601-1-10:2007.]

3.29
PHYS
quar
mea

[SOL

3.30
PRO(C
set g

[SOL

3.31
PRO(Q
stan
devd

Note

3.32
PRO(
PEMSY
MEE

[SOL

3.33
PRO(
PESS

1OLOGIC VARIABLE

tity or condition from a PATIENT whose value is subject to change and can usuall
sured

JRCE: IEC 60601-1-10:2007, 3.21, modified — Note deleted]

ESS

f interrelated or interacting activities which transform inputs into_oUtputs

JRCE: IEC 60601-1:2005/AMD1:2012, 3.89]

ESS STANDARD

jard that establishes a framework within which_the*MANUFACTURER is able to design

lop MEE or MES of consistent SAFETY and effectiveness

to entry: Definition modified from ISO/IEC Guide,63:2012, 3.3.2.

5RAMMABLE ELECTRICAL MEDICAL SYSTEM

pr an MES containing one or mare PROGRAMMABLE ELECTRONIC SUBSYSTEMS (PESS)

IRCE: IEC 60601-1:2006,.3-90]

sRAMMABLE ELECTRONIC SUBSYSTEM

systém based on-@ne or more central processing units, including their software and interfd

[SOL

JRCE+«IEC 60601-1:2005, 3.91]

3.34

y be

and

ces

RISK

combination of the probability of occurrence of HARM and the SEVERITY of that HARM

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.102]

3.35
RISK

ANALYSIS

systematic use of available information to identify HAZARDS and to estimate the RISK

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.103]
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3.36
RISK

ASSESSMENT

overall PROCESS comprising a RISK ANALYSIS and a RISK EVALUATION

[SOURCE: ISO 14971:2007, 2.18]

3.37
RISK

CONTROL

PROCESS in which decisions are made and measures implemented by which RISKS are reduced
to, or maintained within, specified levels

[SOL

3.38
RISK
PRO(

acceptability of the RISK

[SOL

3.39
RISK
syst
anal

[SOL

3.40
ROB(
prog
to p4d

[SOL
phra

3.41
SAFH
freeq

[SOL

3.42

programmed actuated mechanism".]

JIRCE: ISO 14971:2007, 2.19]

EVALUATION
ESs of comparing the estimated RISK against given RISK criteria jto’"determine

JRCE: IEC 60601-1:2005/AMD1:2012, 3.106]

MANAGEMENT
matic application of management policies, PROCEDURES and practices to the TASH
sing, evaluating and controlling RISK

JRCE: IEC 60601-1:2005/AMD1:2012, 3.107]
DT

fammed actuated mechanism with a.DEGREE OF AUTONOMY, moving within its environn
rform intended TASKS

JRCE: ISO 8373:2012, 2.6,y modified (based on Stuttgart June 2015 Resolution) —
5e "actuated mechanism!-programmable in two or more axes" was replaced

TY
om from unacceptable RISK

IRCE: 1SO 14971:2007, 2.24]

the

s of

hent,

The
with

SELE

CT, verb

to decide on a particular OPTION from those GENERATED

Note 1 to entry: Derived from Kaber and Endsley [70], which defined the term as 'deciding on a particular OPTION
or strategy'.

3.43

SEVERITY
measure of the possible consequences of a HAZARD

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.114]
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SINGLE FAULT CONDITION
condition of MEE in which a single means for reducing a RISK is defective or a single abnormal

cond

ition is present

[SOURCE: IEC 60601-1:2005/AMD1:2012, 3.116, modified — Note deleted.]

3.45

STATE OF THE ART
developed stage of technical capability at a given time as regards products, PROCESSES and

serv

ces, based on the relevant consolidated findings of science, technology and experie

ce

[SOL

3.46
SUPH
sour

Note

[SOL

3.47
TASK
a sin

[SOL

3.48
TRAN
term
from
restr

[SOL

3.49
USAE
char

JRCE: ISO/IEC Guide 2:2004, 1.4]

LY MAINS
ce of electrical energy not forming part of MEE or MES

to entry: This also includes battery systems and converter systems in ambulanees and the like.

JRCE: IEC 60601-1:2005, 3.120]

gle piece of work that needs to be done

RCE: IEC 62304:2006, 3.31]

SPORTABLE

referring to equipment that, once. installed and put into service, is intended to be m
one place to another whether ortnot connected to a supply and without an apprec
ction of range

JRCE: IEC 60601-1:2005/AMD1:2012, 3.130, modified — Note and example deleted.]
ILITY

Acteristic of the-User interface that facilitates use and thereby establishes effectiver

efficlency and user satisfaction in the INTENDED USE environment

[SOL

JRCESIEC 62366-1:2015, 3.16, modified — Note deleted.]

bved
able

ess,
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3.50

USABILITY ENGINEERING

HUMAN FACTORS ENGINEERING
application of knowledge about human behaviour, abilities, limitations, and other
characteristics to the design of medical devices (including software), systems and TASKS to
achieve adequate USABILITY

Note

1 to entry: Achieving adequate USABILITY can result in acceptable RISK related to use.

[SOURCE: IEC 62366-1:2015, 3.17]

4

4.1

This
AUTQ
DOA

stan

<

The
exan

4.2

Whe|

Am
meth
TASK
a) N
b) d
Cc) S
d) E

Each

DEGREE OF AUTONOMY (DOA)

Introduction to DEGREE OF AUTONOMY

NoMY through the definition of DEGREE OF AUTONOMY. The rationale for*the definitid
is presented in Annex A, and the usage of DOA and similar tetms in MEE and
jards is presented in Annex B. In summary, the following are assdnyed to apply:

he DOA can vary from low to high; and

ES level) depending on where and how it is implementediin the MEE or MES.

methodologies described in Annex C are not méant to be exhaustive, but to prd
hples.

Methodology to determine DEGREE OF AUTONOMY

h AUTONOMY is applied to fulfil the INTENDED USE, the DOA can be examined.

ethod for classification of DOA can~“be formulated. (Annex C presents several exen
ods.) The methods should he~based on an approach where four generic function
S) are distinguished, which.are:

ONITORING,

ENERATING OPTIONS]

ELECTING an OPTION, and

XECUTING the.selected OPTION.

of thése generic TASKS can employ a different DOA. When using a methog

class

ification’, the resulting DOA of the MEE or MES is the composition of the DOA of

sepTate functions.

OA can be classified at different levels (e.g. TASK level/CEINICAL FUNCTION level, Mg

clause provides guidelines and examples (presented in Annex C) on how to clajssify

n of
MES

E or

vide

plar
5 (or

for
the

Exemplar methods of how the DOA can be classified are presented in Annex C where C.1
presents a descriptive method to characterize the varying DOA, which can then be applied in
various analysis strategies.

Annex C presents a binary method of classifying different DOAs per generic function, where
each function is classified as either “OPERATOR” (low DOA) or “MEE” (high DOA) depending on
how the function is performed. Table C.2 translates the classification of each function into an
overall DOA for the MES.

Annex C presents a weighting factor-based method to classify the DOA of the generic
functions in order to come to a weighted DOA for the MEE or MES.
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4.3 Relationship between DOA and RISK

When performing the RISK MANAGEMENT PROCESS according to 1SO 14971, DOA should be
taken into consideration. The DOA has no direct correlation with level of RISK, but it can impact
the RISK MANAGEMENT PROCESS. For example, the MEE or MES could accomplish an
AUTONOMOUS TASK better (e.g. safer, faster, more accurately) than an OPERATOR. Alternatively,
an unintended consequence of increasing DOA is that it might increase RISK via loss of an
OPERATOR’s situation awareness [70]. For example, if an OPERATOR is required to assert
control over an MEE or MES when there is an error or malfunction, and if there is a loss of
OPERATOR situation awareness, then the OPERATOR might not be able to adequately control
the situation. Two principles of HAZARDS related to DOA are “shared responsibility” between the

AFOR—E : HReHors—reahzedby—the—M : havigDOA.
¢x D provides detailed considerations of the effects that DOA could have on the [RISK
MANAGEMENT PROCESS by studying a variety of MEE/MES examples.

5 PROCESS STANDARDS supporting DOA
5.1 | General

DoA|has potential for modifying RISK or adding clinical benefits to the 'MEE or MES. For an| MEE
or MEs with a higher DOA, PEMS integrity and performance becomé ‘more important to SARETY,
depgnding on the possible HARM that can arise during the execution of the CLINICAL FUNCT|ON.

The following PROCESS STANDARDS are important for DOA:

1) 18O 14971;
2) IEC 62366-1;
3) IEC 62304; and
4) 1EC 80001-1,

and [are explained in 5.3, 5.4, 5.5 and;5.6. The role of the OPERATOR will shift relatgd to
his/Her TASKS and interactions with thé MEE or the MES. Maintaining the situation awareneps of
the QPERATOR becomes more challenging in the design of MEE or MES with a higher DOA| The
OPERATOR should:

e aware of possible errors, alarms and failures of an MEE or MES with a higher DOA,

b

— be aware when intervention is required,
be able to intervene’in higher DOA actions, and
W

hen intervening, be able to SELECT and perform a proper corrective action or abort.

This|requires adequate situation awareness of higher DOA actions and knowing what to ¢lo in
“outqof-the=loop” situations for the OPERATOR[70]. The MANUFACTURER should considef the
shift|of the/OPERATOR TASKS as per the RISK MANAGEMENT PROCESS related to DOA.

Kaber and Endsley[70] have described “situation awareness” and the ability/inability of the
OPERATOR to intervene in an AUTONOMOUS PROCESS as an important OPERATOR-related RISK
due to high DOA. This should be scrutinized by the RISK MANAGEMENT and USABILITY
ENGINEERING PROCESSES.

Annex D presents examples of MEE illustrating the relationship between DEGREE OF AUTONOMY
and BASIC SAFETY and ESSENTIAL PERFORMANCE.

During the RISK MANAGEMENT PROCESS, the criticality of DOA is dependent on its effect on
SEVERITY of HARM and not on the classification of DOA.

The MANUFACTURER should reconsider and review all relevant RISK- and HAZARD-related
PROCESSES when the MEE or MES will have a different DOA following a design change.
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5.2

5.2.1

RISK MANAGEMENT PROCESS

Defining INTENDED USE

MANUFACTURERS should be prudent when defining the INTENDED USE of their MEE or MES
including DOA. The INTENDED USE is the most important claim to be defined precisely by the
MANUFACTURER. One key part of the INTENDED USE is the type of PATIENTS addressed by the
MEE or MES. Existing and upcoming new MEE or MES with a higher DOA should define clearly
the type of PATIENTS which their MEE or MES addresses in their INTENDED USE.

5.2.2 INTENDED USE and characteristics related to SAFETY

5.2.2

A INTENDED USE and the RISK MANAGEMENT PROCESS

The

MANUFACTURER should identify the INTENDED USE of the MEE or the MES with' a8 DOA

and

address the characteristics related to SAFETY through the RISK MANAGEMENT PROCESS (se¢ 4.2

of IS

5.2.2

Addi
desi
- A
- A
- H
- H
- A

An eixplanation of these characteristics can*be found in Annex E.

5.2.2
5.2.2

The
succ

exisfing standards could.emerge in the development of new MEE or MES.

MEE
feed
to cdg

NOTEH

O 14971:2007).

.2 PATIENT characteristics related to SAFETY

lional characteristics concerning PATIENTS should be takenl/into consideration
jning all types of MEE or MES, with or without a higher DOA including:
ATIENT types,

ATIENTS’ sensory abilities,

ATIENTS’ physical abilities,

ATIENTS’ cognitive abilities, and

ATIENTS’ allergies.

.3 PATIENT physiological signals
3.1 Use of PHYSIOLOGIC CLOSED-LOOP CONTROLLERS
Luse of PHYSIOLOGIC CLQSED-LOOP CONTROLLERS in MEE and MES are expected to prov

essful strategy to improve PATIENT SAFETY. HAZARDS that are not directly addresse

or MES with a_high DOA can be linked to PATIENT physiological signals, and physiolo
pback signalsswould be processed by the MEE or MES, and the MANUFACTURER would
nsider thisin the RISK MANAGEMENT PROCESS.

Requirements for PHYSIOLOGIC CLOSED-LOOP CONTROLLERS can be found in IEC 60601-1-10.

vhen

de a
d by

gical
heed

5.2.23.2 Typical PATIENT physiological signals

Physiological signals (PATIENT sensory inputs) are as follows:

a) temperature (e.g. ISO 80601-2-56 or IEC 80601-2-59);
b) muscle reflex (e.g. IEC 60601-2-10);

c) b
d) b

lood pressure (non-invasive: e.g. IEC 80601-2-30; invasive: e.g. IEC 60601-2-34);
lood oxygen saturation (e.g. SPO,: e.g. ISO 80601-2-61);

e) transcutaneous partial pressure (CO, value: e.g. IEC 60601-2-23);
f) inspiration/ respiration (frequency and volume: e.g. IEC 80601-2-55, ISO 80601-2-12);

g) electrophysiological signals (ECG, EEG, EMG: e.g. IEC 60601-2-25, IEC 60601-2-26,
IEC 60601-2-27, IEC 60601-2-40, IEC 60601-2-47, IEC 60601-2-49);
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sensorial (sensing pain, heat, cold, pressure);
hemodynamic signals (e.g. IEC 60601-2-16);
hearing (e.g. IEC 60601-2-66);

eye reaction (dilation); and

PATIENT sounds (verbal and non-verbal).

NOTE IEC standards indicated above contain requirements for physiological signals.

5.2.2.3.3 Chemistry physiological signals

PATIENTS’ inputs via lab results are needed for the following:

a)
b)
c)
d)

5.3

5.3.1 General

Rlood glucose and electrolytes,
drine (indirect — laboratory results needed),

)]

aliva (indirect — laboratory results needed), and
gther laboratory/pharmaceutical analysis (DNA, pathologies, tissue,cete.).

RISK CONTROL

Risk| CONTROL options are not necessarily mutually lexclusive or appropriate i all
circymstances. The RISK CONTROL options as they relate to DOA can include the following as

apprppriate:

a) 4gvoiding the HAZARD by deciding not to startior continue with the DOA activity that gives
rise to the RISK;

b) taking an increased RISK via higher DOA, ensuring that the clinical benefit outweighs the RISK

c) removing the HAZARD source in the MEE.OI'MES related to the DOA;

d) anging the probability of occurrence of HARM due to the DOA;

e) anging the SEVERITY of HARM du€ to the DOA;

f) aring the RISK due to the DOA between several sub-systems of the MEE or MES; and

g) retaining the RISK due to.the’DOA by informed decision via RISK-benefit analysis.

A RIBK MANAGEMENT (PROCESS should be carried out to identify any known or foresegable

HAZARDS that might(be present in the MEE or MES. During the HAZARD identification PROCE
focu$ on application-specific aspects should be performed. As a minimum, parti
conslideration ©f-DOA when used to perform a CLINICAL FUNCTION as part of the INTENDED U
to address reasonable foreseeable MISUSE situations with regard to, but not limited to:

h) thesuncertainty of the AUTONOMOUS decisions made by the MEE or MES and pos

5S, a
cular
BE or

Sible

AZARDOUS SITUATIONS from wrong decisions being made;

the different levels of knowledge, experience, characteristics and physical conditions of
OPERATORS, PATIENTS and other exposed persons, as described in Annex E;

the normal, but unexpected, actions of the MEE or MES due to DOA,

the unexpected or unintended actions from the environment (e.g. someone moving into the
working area of the MEE or MES employing DOA);

the unexpected travel surfaces and environmental conditions in the case of MOBILE MEE or
MES employing DOA;

the uncertainty of operation of the MEE or MES employing DOA with respect to PATIENT,
OPERATOR, other exposed persons, animals, property and the environment;

the conformity to human anatomy and its variability, as described in Annex E;

power failure or shutdown and the re-application of power (11.8 of IEC 60601-1:2005 and
IEC 60601-1:2005/AMD1:2012) for the MEE or MES employing DOA;
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p)

q)

HAZARDS arising from stress, posture, usage or PATIENT critical situations. HAZARDS can
arise from both physical and mental aspects of using or applying the MEE or MES
(IEC 62366-1:2015, 3.29); and

HAZARDS arising from the OPERATOR’S loss of situation awareness concerning MEE or MES
with a higher DOA.

5.3.2 RISK CONTROL hierarchy

5.3.21 RISK CONTROL options

The RISK CONTROL options described in the subclauses below are in descending order with
regardtotheirgeneratty Tecogmizedeffectivenmess i reducinmg RISK. T e MANUFACTURER stjould
take[this and other factors into account before decisions are made on which combinatign of

MONITOR, GENERATE, SELECT and EXECUTE (MGSE) measures will be used.

The [outcome of RISK CONTROL can introduce additional HAZARDS. A significant RISK could be

the
be

effeqtive.

jailure or ineffectiveness of the RISK CONTROL measures. The MONITORING TASK needls to
n integral part of the RISK CONTROL plan to give assurance that the )measures remain

NOTH Documenting and recording (“black-box”) the TASKS of the MEE or MES ceuld.help to perform an assesgment

follo

5.3.2.2 Inherently safe design

The following measures should be applied where apprepriate when introducing DOA:

e)

f)

5.3.2.3 Protective measures

ing an incident as well as improve RISK MANAGEMENT over the LIFE CYCLE-of the MEE or MES.

dliminating a particular HAZARD, e.g. constraining the operational scenarios to gvoid
HAZARDOUS SITUATIONS due to DOA leading torincorrect TASKS;

reducing the probability of occurrence of the'HARM, e.g. use of unique identifiers for PAT|ENT,
QPERATOR, third persons, animals and “SAFETY-related objects (e.g. property or reldgvant
gdspects of the environment), travel paths (ISO TR 24971 [55]);

reducing the SEVERITY of the HARM, é:g. reducing the MEE speed;

djust the capability or reliability of the activities during the MONITORING TASK of the MEE or
ES (i.e. DOA should be in-.6p'decreased to a level so that there is no unacceptable RI$K);

esigning algorithms for-the GENERATE OPTIONS TASK in a way that the probability |of a
rtain decision being ‘acceptable is calculated and can be monitored based on post-
arket data. OPTIONS GENERATED with a high uncertainty outcome should be re-evaldated
sing alternative, methods or additional information. If after the re-evaluation| the
ncertainty remains unacceptable, the OPTION can be discarded; and

nsuring Ah€ SELECT OPTIONS TASK is based on appropriate criteria for optimal balpnce
etween.RISK and benefits to fulfil CLINICAL FUNCTIONS.

The following measures should be taken into consideration when introducing DOA:

a)
b)

c)

using a visual or auditory alarm signal to alert the OPERATOR or PATIENT of a HAZARDOUS
SITUATION, including when ESSENTIAL PERFORMANCE cannot be maintained;

ensuring that the intended CLINICAL FUNCTION is maintained within defined parameters
while the EXECUTE TASK is being performed; and

adding features such as collision detection systems, speed or other parameters variations,
stability control, etc., based on the overall RISK MANAGEMENT PROCESS outcomes.

5.3.24 Information for SAFETY

The following not exhaustive list of measures can be used to increase SAFETY when
introducing DOA:
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placing applicable warnings regarding MONITOR — GENERATE — SELECT — EXECUTE (MGSE);

restricting the use of MGSE according to the RISK MANAGEMENT PROCESS and providing the
OPERATOR with clear information on the RESIDUAL RISK;

providing notice about improper use, HAZARDS that can occur, or other information that
can help reduce RISK as related to DOA, where a timely response is not required;

emphasizing the importance of using proper personal protective equipment, such as
gloves and eye-glasses;

providing training for the OPERATORs to improve their performance or their capability in
detecting errors as related to DOA and the situation awareness of the OPERATOR in his/her
i i i i ising—than

nteracting; and

[d))

pecifying necessary maintenance and maintenance intervals, maximum-\EXPECTED
BERVICE LIFE, and how to dispose of the MEE or MES properly.

UsSABILITY engineering considerations for MEE or MES having a higher DoA
1 General

MEE or MES the focus of USABILITY ENGINEERING will typically-change with an ig- or

decrgasing DOA. For a higher DOA, USABILITY ENGINEERING will\primarily be focused oh an
overgeeing role for the OPERATOR, while for a lower DOA, primarily on the direct involvement of

the

DPERATOR in performing the CLINICAL FUNCTION. For ‘intermediate values of DOA the

USAHILITY ENGINEERING PROCESS should be used to identify new HAZARDS and verify the

effedqtiveness of RISK MANAGEMENT controls associated.with shared responsibilities.

USABILITY ENGINEERING comprises multiple aspeets, such as ensuring adequate situgtion
awalneness of the OPERATOR, taking account O0f“OPERATOR reaction time, sensory input| and
resppnse, and the ability of the OPERATOR to.détect malfunction or errors of MEE and MESs|with
a higher DOA. USABILITY ENGINEERING does hot necessarily require the interaction between the
PATIENT and MEE or MES without or with-very limited OPERATOR interaction. While introdycing

higher DOA the MANUFACTURER should ¢onsider this changed OPERATOR role.

5.4.

2 OPERATOR situation awareness

The PPERATOR relying on MEE)having a high DOA tends to lose situation awareness [70]. If the
MEE jor MES with DOA cannot respond to an exceptional situation, the OPERATOR should [take

con

OPERATOR or other persons (e.g. lay person).

In cgse an OPERATOR action is required to control RISK, it is paramount that the OPERATOR]

trol over one or more of the MEE or MES TASKS in order to prevent HARM to the PAT|ENT,

$ aware-of the situation;
can_define a strategy or response to the exceptional situation within the time needed; gnd

iS capable of performing the required TASK Of t0 Stop the TASK 10 prevent an unacceptable
RISK.

The OPERATOR’s situation awareness can be a critical SAFETY issue that should be considered
during the RISK MANAGEMENT PROCESS within the design stage of the MEE or MES with DOA, and
should be controlled during the USABILITY ENGINEERING PROCESS. The MANUFACTURER should

con

sider the impact of loss of situation awareness on all RISKS and on all RISK CONTROL

measures. When loss of situation awareness increases RISK, the probability of loss of

situ

ation awareness should be investigated.

In the design of MEE or MES with a high DOA, the situation awareness of the OPERATOR could
be increased by involving the OPERATOR in either MONITORING, GENERATING OPTIONS, SELECTING
one and EXECUTING it, to accomplish the CLINICAL FUNCTION. The USABILITY ENGINEERING
PROCESS should consider these situations.
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5.4.3 OPERATOR reaction time

This subclause addresses RISK reduction by imposing requirements on MEE or MES due to its
DOA so that it is compatible with the OPERATOR’s reaction time, by adjusting its operational
timing, or how to deal with HAZARDS in case of incompatibility.

One of the RISK factors of an MEE or MES with a DOA is its ability to react independently of
OPERATOR intervention and within a time which might not be compatible with human capability.
Two cases are identified: in the first case, the system timing allows the OPERATOR to interrupt
the PROCESS or to cause the MEE or MES to move to a safe state; in the second case, the MEE
or MES is faster than human reaction time. The MANUFACTURER should address both these
casefs during the USABILITY ENGINEERING PROCESS.

EXAMPLE 1 MEE having DOA with limited speed, allows the OPERATOR to intervene to stop an unwanted aftivity
(e.g. €mergency stopping devices (see subclause 9.2.4 in IEC 60601-1:2005 and IEC 60601-1:2005/AMD1:20[12)).

EXAMPLE 2 MEE having DOA in which the motion correction functionality to react on organ,'movements dquring
treatnmhent is much faster than the reaction time of an OPERATOR.

The USABILITY ENGINEERING PROCESS and also the RISK MANAGEMENT_PROCESS should congider
these situations.

5.4.4 OPERATOR sensory input and response

In addition to primary sensory inputs, like tactile inputs,inimany cases, OPERATORS base |their
actigns on sensory inputs that have been processed{to become visual and/or audible to
humans, while the origin of those inputs could be fromva source outside of the human serjsory
scople. In some cases it could nevertheless bechelpful to involve the OPERATOR’s serjsory
inpufs as a required input in the MONITORING PR@CESS of the MEE or MES with higher DOA.

MEE|or MES can provide help in the MONITORING TASK and how to SELECT from these sodrces
when the raw input of the sensors cannet be processed by an OPERATOR. In this case, |high
valugs of DOA might be necessary to\automate (in real time) data selection and filtering, in
ordef to make the sensor data available in a form that humans can understand and work with.

5.4.5 Detectability by OPERATOR of malfunction or errors of MEE or MES with a higher
DOA

MEE |or MES with a higher DOA could GENERATE OPTIONS available for an OPERATOR to SELECT,
or inleven higher DoA-the MEE or MES might both GENERATE and SELECT the OPTIONS. Thelrole
of the OPERATOR wolld evolve into a supervisory role than an interacting one.

MANUFACTURERS of MEE or MES should take care about the role of the OPERATOR with regpect
to syperyising or interacting, during the whole design and development PROCESS. The rgsult
for gpplicable additional measures should be a result of the RISK MANAGEMENT PROCESS. As
exanples, the following measures could be included:

— design to maintain OPERATOR’S situation awareness;
— more or exhaustive advice in the OPERATOR manual of the MEE or MES;

— clear methods to ensure that the OPERATOR can detect malfunctions or errors of an MEE or
MES with a higher DOA; and

— additional training for the observing role of the OPERATOR.

5.5 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) and software development LIFE
CcYCLE (IEC 62304)

In an MEE or MES with a high DOA, PEMS integrity is likely to be important to SAFETY, but
USABILITY will remain relevant for SAFETY up to the point of an AUTONOMOUS MEE or MES where
the OPERATOR is no longer involved with the MEE or MES.
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Software is often an integral part of MEE or MES. Establishing the BASIC SAFETY and ESSENTIAL
PERFORMANCE of an MEE or MES containing software requires knowledge of what the software
is intended to do and demonstration that the use of the software fulfils those intentions
without causing any unacceptable RISKS.

HAzARDS that could be indirectly caused by software (for example, by providing misleading
information that could cause inappropriate treatment to be administered) need to be
considered during the RISK MANAGEMENT PROCESS when determining whether software is a
contributing factor.

that would normally be performed by the OPERATOR, and extra intra-operability aspects\in the
whole software. This increases the size and complexity of the software(s).

The [decision to use software to control RISK is made during the RISK MANAGEMENT PROQESS.
Softyvare LIFE-CYCLE PROCESSES are an important part of a RISK MANAGEMENT PROCESS. Hgving
addifional or different software would necessitate reviewing of RISK MANAGEMENT PROCEBSES
(1SO| 14971 and IEC 62304).

The MEE or MES EXECUTING that CLINICAL FUNCTION or TASK would bédequired through softvare
to inform the OPERATOR of any abnormality or malfunction. The-MANUFACTURER would neg¢d to
revigw the software in consequence of the previous USABILITY ENGINEERING requirements.| The
OPERATOR would need to comprehend the TASKS or CLINICAL FUNCTIONS being EXECUTED by the
MEE |or MES and the limitations of the MEE or MES during any clinical complication.|The
OPERATOR should know when his/her interaction is required, especially when the MEE or MES is
not EXECUTING the CLINICAL FUNCTION as expected.

5.6 | Application of RISK MANAGEMENT for IT-networks incorporating medical deviceg

An MEE or MES with a high DOA could alse> require interaction with other MEE or other [non-
med|cal equipment. The MANUFACTURERtYWould need to consider the new MES in the |RISK
MANAGEMENT PROCESS.

Figufre 1 provides an example of a“simple basic model that illustrates how MEE or MES g¢ould
interpct between one another.

MEee| and MES are esséntial for the practice of modern medicine. MEE can utilize ¢ppen
networking protocols forr-communication to provide input and output data. However, unliké the
interpperable “plugfand-play” environment of modern computers and consumer electropics,
mos{ MEE is not_designed to interoperate. MEE typically utilizes proprietary protocols for [their
own |system integration. These types of approaches do not provide adequate integration
capdgbilities_necessary for safe, cross-MANUFACTURER MEE integration for data communication
between different MEE (link between (2) and (3) in Figure 1). If an MEE MANUFACTURER wWould
like focombine his MEE with other MEE the MANUFACTURER should consider a higher boA and
ISO 14971 requires the RISK MANAGEMENT documents and USABILITY ENGINEERING docunjents
to be reviewed accordingly.

Reference to standards such as IEC 80001 (all parts) could provide additional guidance to
MANUFACTURERS.
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Diagnostic or Therapeutic or
monitoring medical = interventional medical
device (2) device (3)

Dot 4 la. . | H [
I dlcrit Py oliviuyivail

signal (1) — APPLIED PART

IEC

NOTH The link between (1) and (2) is typical and normally exists, whereas the link between (2) and (3) is upually
missing and performed by the OPERATOR (clinical staff). The link (3) to (1) is the outcome/output of the clinical
therapeutic/intervention delivered to the PATIENT. Medical devices (1) to (3) above can be'an MEE compongent, a
MEE gub-assembly, MEE or MES. Refer to Annex F for a more detailed functional diagram of a PHYSIOLQGICAL
CLOSHD-LOOP CONTROLLER as per IEC 60601-1-10 and how DOA is likely to be introducedinto MEE or MES. Mgdical
device is equivalent to MEE or MES.

Figure 1 — Basic model of interoperability of MEE in an MES (Order of execution: 1 tg 3)

The [majority of MEE today are not the physiological closed-loop type, but provide diagnpstic
information or clinical treatment with the interaction of the,;} OPERATOR (clinical staff), and the
majgrity of the MEE or MES which are software-based and dependent on OPERATOR
interpctions.

An NEE or MES with a higher DOA could allowthe MONITORING of CLINICAL FUNCTIONS| and
ESSHNTIAL PERFORMANCES, provides more clinical information for clinical decisions, would
reduce OPERATOR interactions, and could reduce OPERATOR errors.

6 BASIC SAFETY and ESSENTIAL PERFORMANCE related to DOA

6.1 GENERAL

Incrgasing DOA can transfer Tesponsibilities from the OPERATOR to the MEE or MES, which can
incrgase the RISK CONTRQLS associated with BASIC SAFETY and ESSENTIAL PERFORMANCES df the
MEE pr MES.

Addihg a DOA feature can add to the specification for:

— JLINICAL'FUNCTION, or otherwise INTENDED USE;
dharaecteristics related to SAFETY; and

HAZannoAoLio ol
- MTRZANDTOS Ot

Performance specifications associated with CLINICAL FUNCTION can increase ESSENTIAL
PERFORMANCE yet RISK CONTROLS are related to both BASIC SAFETY and ESSENTIAL
PERFORMANCE.

6.2 BAsIC SAFETY related to DOA

BASIC SAFETY is associated with use of technologies (e.g. components, software, materials,
and energy) incorporated into the design of the MEE or MES. Software algorithms which are
incorporated into the MEE or MES designs and their associated RISK CONTROLS have to maintain
acceptable RISK (e.g. electrical shock, thermal burns, fire, excessive radiation) levels. They
are associated with HARM caused by the MEE or MES, doing what they are not intended to do.
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Where DOA enhances the specification for INTENDED USE not associated with CLINICAL
FUNCTION, or could increase the RISK CONTROLS associated with the modification of OPERATOR
TASKS (increase/decrease) related to the INTENDED USE, which could not be associated with
CLINICAL FUNCTIONS, DOA should contribute to an increased specification for BASIC SAFETY.

EXAMPLE 1 An MRI system incorporates a low DOA feature that allows a PATIENT to be moved into the magnet
gantry for imaging with an OPERATOR start/stop means that does not require continuous activation by the
OPERATOR. As the PATIENT positioning into the gantry is not directly associated with MR imaging, the RISK
ASSESSMENT can identify this feature as related to BASIC SAFETY (crush) and not related to the CLINICAL FUNCTION
(formation of the image). Instead, it can be seen as an addition to the INTENDED USE. This feature and necessary
RISK CONTROLS identified by the RISK MANAGEMENT PROCESS considered BASIC SAFETY features. The trapping zone
could become a HAZARDOUS SITUATION and cause HARM (crushing, shearing, or pinching injuries) to PATIENTS.

EXAMPLE 2 A motorised ROBOTIC, flexible endoscope for invasive procedures incorporates a DOA feature’to|allow
the ehdoscope to be extracted from the oesophagus with an OPERATOR start/stop means, which reversgs the
pathway taken during insertion, and which does not require continuous activation. As the insertion/extraction pf the
endogcope is not directly associated with the visual imaging, the RISK ASSESSMENT can identify this-feature as not
relateld to a CLINICAL FUNCTION. Instead, it can be seen as an addition to INTENDED USE. This feature®and necTsary

RISK $ONTROLS identified by the RISK MANAGEMENT PROCESS are considered BASIC SAFETY. The |\HARM, which |could
result] is associated with a trapping zone HAZARDOUS SITUATION, which could result in tearing, or cutting injurfies to
PATIENTS.

6.3 ESSENTIAL PERFORMANCE related to DOA

ESSENTIAL PERFORMANCE is based on a RISK ASSESSMENT PROCESS. related to performange of
CLINIICAL FUNCTIONS employing DOA.

ESSENTIAL PERFORMANCE is associated with the CLINICAL FUNCTION where loss or degradgtion
will fesult in unacceptable RISK. It is associated with unwanted RISK caused by the MEE o MES
employing DOA trying to do what it is intended to do./If there is overlap between ESSENTIAL
PERHORMANCE and BASIC SAFETY, it is by definition, considered as BASIC SAFETY. Where a| DOA
featyre enhances the specification for CLINICAL-FUNCTIONS, or enhances the specification for
RISK| control associated with the increasg, in CLINICAL FUNCTION, DOA enhances| the
spedification for ESSENTIAL PERFORMANCE, where this does not overlap with BASIC SAFETY.

EXAMPLE 1 An AUTOMATIC EXTERNAL DEFIBRILLATION (AED) incorporates a DOA feature to synchronize the dglivery
of th¢ defibrillation energy to the peak of<the QRS complex of the electrocardiogram (ECG) signal. As the
synchronized delivery of the defibrillation{energy is directly associated with the defibrillation therapy, thg RISk
ASSEYSMENT for the added DOA can identify this feature as related to the CLINICAL FUNCTION, and not overlgdpping
with BASIC SAFETY. This added CLINICAL FUNCTION could be identified by the RISK ASSESSMENT as ESSHNTIAL
PERFQRMANCE.

EXAMPLE 2 A linear accélerator device incorporates an IMAGE-GUIDED RADIOTHERAPY (IGRT) DOA featyre to
synchronize the treatment.delivery related to the PATIENT’s breathing pattern. As the synchronized delivery pf the
RADIA[TION is directly associated with the radiation therapy, the RISK ASSESSMENT PROCESS could identify this fgature
as refated to the CLINIEAL FUNCTION, and not overlapping with BASIC SAFETY. The performance limits of th¢ DOA
featue might have“been defined as latency of the beam off/on function. This DOA feature and the necessary RISK
contrgl identified /by the RISK MANAGEMENT PROCESS are considered ESSENTIAL PERFORMANCE. The HARM Wwhich
could|result-is_associated with degraded therapy, or collateral tissue damage outside the therapy target area, which
can r¢sult,in-an undesirable or unacceptable clinical outcome.

EXAMPLE 3 A linear accelerator device incorporates a DOA feature to move the radiation source in an arc around
the target area and during movement, adjusts the multi-element beam limiting device (BLD) to shape the beam
consistent with the cross-sectional area of the target area. As the arc movement and beam-shaping movement are
directly associated with the therapy plan, the RISK ASSESSMENT PROCESS can identify this feature as related to the
CLINICAL FUNCTION, and not overlapping with BASIC SAFETY. This DOA feature and necessary RISK controls identified
by the RISK ASSESSMENT PROCESS are considered ESSENTIAL PERFORMANCE. The HARM which could result, is
associated with degraded therapy or collateral tissue damage outside the therapy target area, which can result in
an undesirable or unacceptable clinical outcome. Alternatively, the arc movement of the radiation source can be
considered as overlapping with BASIC SAFETY, as there is a HAZARDOUS SITUATION associated with collision with the
PATIENT or other equipment. The HARM which might result also includes a trapping zone HAZARDOUS SITUATION,
which might result in crushing, shearing, or pinching injuries to a PATIENT. In this alternative case, the beam-
shaping movement might be seen to be related to ESSENTIAL PERFORMANCE, and the arc movement related to BASIC
SAFETY. In any case, whether the arc movement is ESSENTIAL PERFORMANCE or BASIC SAFETY, it does not change the
importance of verifying that RISK controls are effective.
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Some particular requirements for BASIC SAFETY and ESSENTIAL PERFORMANCE (IEC 60601-2-
XX) standards include tables related to distributed ESSENTIAL PERFORMANCE requirements.
These tables address the minimal ESSENTIAL PERFORMANCE requirements as applicable to the
particular MEE or MES. The MANUFACTURER through a RISK MANAGEMENT PROCESS could also find
additional ESSENTIAL PERFORMANCE related to his particular MEE or MES.

For a better understanding of ESSENTIAL PERFORMANCE, a collection of ESSENTIAL
PERFORMANCES has been extracted from the IEC ISO 60601-2-XX/80601-2-XX series and
inserted into a list presented in Annex G. This list provides informative guidance related to the
most commonly known ESSENTIAL PERFORMANCES. Refer to the list of ESSENTIAL PERFORMANCE
of MEE or MES with DOA.

It has been reported that some MEE or MES claim to have no ESSENTIAL PERFORMANCE. |This
clainp should be demonstrated through the ISO 14971 RISK MANAGEMENT PROCESS|to ensure
that fhe MEE or MES has no ESSENTIAL PERFORMANCE.

All EBSENTIAL PERFORMANCES are addressed through a RISK MANAGEMENT PROCESS if therd is a
trangfer of the HAZARD from the OPERATOR to the MEE or MES with a DOA. Table 1 proyides
examples of ESSENTIAL PERFORMANCE for MEE or MES with a DOA (derived from partigular
stanflards. The MANUFACTURER is responsible for evaluating via the<RiISK MANAGEMENT PROLESS
wheflher ESSENTIAL PERFORMANCE changes or not if there is a transfer of the HAZARD fronp the
OPERATOR to the MEE or MES with a DOA.

Table 1 — Examples of ESSENTIAL PERFORMANCE of MEE or MES with a DOA

Potentially applicable ESSENTIAL PERFORMANCE of MEE or MES with DOA

MONITORING PATIENT physiological signals

MEE| counter force (sensing real life motion/application)

MEE| precision/ accuracy of movement/measuremenit

MEeE|accuracy/ delivery of clinical intervention (therapeutic, diagnostic, MONITORING)

MEE|time/ execution requirements of clinicalintervention (therapeutic, diagnostic, MONITORING)

MEE| sensitivity

MEE| parameter stability

Detgction of improper setup before’performing a CLINICAL FUNCTION (e.g. disconnected PATIENT APPLIED PART
wrong PATIENT APPLIED PART{\defective PATIENT APPLIED PART)

MEE|recovery managemeént)(restart where it has been interrupted)

MEE[runaway protection“(does not return to start of program or anywhere in the program)

Deliperate OPERATQOR action required to change settings (manual over-ride — double confirmation)

MEE| powering*down (EPO) or main power cut in a safe prescribed manner

Ablg toremove/ retract MEE with no power

MEEltransitions to a safe state as defined by MANUFACTURER when an unknown clinical situation occurs (Fallback
mode)

NOTE 1 These examples could also be BASIC SAFETY. The identification of ESSENTIAL PERFORMANCE is
determined by the MANUFACTURER and depends on the INTENDED USE of the MEE or MES.

NOTE 2 The list of examples was derived from Table G.1.
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Annex A
(informative)

Rationale for defining the AUTOMATIC, AUTONOMY and DOA framework
and the distinction between a MEDICAL ROBOT and other MEE or MES

A.1  General

This document has established that MEE and MES with high DOA were not fully addressed in
exisfing standards. Because ihe DOA In MEE and MES can have an impact on the |RISK
MANAGEMENT, USABILITY ENGINEERING PROCESSES and software life cycle PROCESS (REM$), it
needs to be well defined and understood. Furthermore, as technology advances, |it is
expgcted that more MEE and MES will incorporate various functions that operate with"a DQA. In
addition, the term AuTONOMY (or similar terms) found in existing standards, 7sincluding the
recent issue of ISO 8373:2012, needed further refinement.

This| annex provides background information on the definitions of ~AUTONOMY, DEGREE OF
AUTQNOMY, AUTOMATIC and related terms.

In addition, DOA is introduced due to the emergence of MEDICAL ROBOTS and the fact that| DOA
is a |key part in the definition of ROBOT as presented in ISO®373:2012. RoOBOT is a general
and [vague term that is used in different ways in plain laniguage. Therefore the use of jterm
ROBQT or its relevant adjunctive “robotic” to describe an MEE or MES needs special attention.
This|annex addresses this issue and the distinction bétween a MEDICAL ROBOT and other| MEE
or MES.

A.2 | Existing definitions and limitations

There have been relevant and similat terms regarding AUTONOMY (AUTOMATIC, lev¢l of
automation, level of AUTONOMY, etc.)\n this clause, the appearance of these terms in the
litergture is reviewed.

Definitions of AUTOMATIC andAUTONOMY are found in a few existing standards and ¢ther
litergture. For example:

AUTQMATIC
PROGESS or equipmeéntthat, under specified conditions, functions without human interventfon

[SOURCE: IEC(62443-3-3:2013, 3.1.7]

AUTQNOMOUS
resppnding, reacting, or developing independently of the whole; not controlled by others Tr by
outside-forces: independent

[SOURCE: IEC TR 61850-90-7:2013, 3.1.1]

AUTONOMY
ability to perform intended TASKS based on current state and sensing, without human
intervention

[SOURCE: ISO 8373:2012, 2.2]

As shown in Annex B, there are numerous MEE or MES incorporating functions with a certain
DOA or ‘AUTOMATIC’ functions. Current standards mostly refer to these as ‘AUTOMATIC’
functions. However, the term AUTOMATIC is binary, which cannot provide any means to classify
the DOA and also cannot explain how DOA can affect the RISK MANAGEMENT PROCESS for MEE or
MES. From this fact, two key issues are identified, namely:
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using the term AUTOMATIC is inappropriate to describe this type of technology, because the
word has been historically used in different ways as shown in Annex B, and the use can
cause misunderstanding and confusion; and

methodologies to classify between no to full AUTONOMY are needed.

To address these issues, the concept of DOA is introduced to the IEC 60601 series. AUTONOMY
was chosen as the basic term for this new concept because it lacks the historical problems
associated with AUTOMATIC. However, none of the existing definitions of AUTONOMY or similar
terms is able to satisfy the need to describe the ESSENTIAL PERFORMANCE of MEE or MES and
associated RISKS due to the following reasons:

A.3

[[here 1s no MEE or MES that works completely iIndependenily as per the Merriam-VV.ebster
efinition of AUTONOMY. Therefore, this definition is not appropriate for the field.

IBO 8373:2012 defines AUTONOMY; however, it does not define DOA while DOA(is-incllided
im the definition of ROBOT. Furthermore, it does not specify the relationship of"AUTONOMY to
the metrics of DOA.

New approaches

The [term DOA appears in the literature in various formats, many“0f which are summayized
in [6f]. After thorough review of the different usages, the following concepts were identifigqd as

a sufitable basis for further considerations:

NIST ALFUS [68], [69] classified the level of AuTONOMYYyof unmanned vehicles using three
axes, namely “environment complexity”, “TASK caomplexity” and “human interfacqd”. A
similar classification to MEE or MES was applied,/where “environment complexity”|was
translated to a hospital, “complexity” related..to“the clinical application or treatment| and
“human interface” was renamed “USABILITY,\t0 relate closer to the medical termino|ogy.
Higure A.1 illustrates the ALFUS approach applied to MEE or MES applications. After
ttempting to apply it to MEE or MES, this concept was found to be too complex tp be
applied by MANUFACTURERS in a consistent way. Furthermore, it does not provide a s|ngle
imension metric for DOA, making itsZuse and interpretation less obvious.
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Mission complexity
+ Category: Patient handling, Surgery,

3 axes for defining Rehabilitation, Radiation therapy,
AUTONOMY via the NIST 1 catheterization, Medication, etc
ALFUS approach + Treatment: Simple vs Complex
* Minimal invasive versus open
(surgery)

+_ Patient condition (health)
[veez_ |- e
Environmental ’
complexity:

Usability (inversed)

+ Intensive care + Workload

* Operating room «  Skills required

. Emergen_cy room + {Qperator knowledge
. Prepa_ratlon room + )Intuitive design

+ Additional equipment: + Situation awareness

* Anesthesia
+ Patient monitoring
« ETC

« ETC

IEC

Figure A.1 — ALFUS approach applied to MEE or MES applications

aber and Endsley [70] focused on “human-~centred automation”, and four generic acgions
ere proposed describing a system’s_tapabilities: monitoring, generating, selecting| and
plementing. Using these terms, they defined 10 “levels of automation”. This “levells of
utomation” concept was considered to be an applicable framework upon which to pase
e concept of DOA for MEE or MES.

S < =

—

This[document adopts and builds upon Kaber and Endsley’s approach to define AuTONOMY
and PEGREE OF AUTONOMY classification methods as presented in Annex C.

Regarding these terms;ithis document recommends the following:

- UTOMATIC: This-term could have been used to mean a certain DOA as shown in Anngx B.
hen referring to DOA it is recommended that this term not be used.

- UTONOMY) AUTONOMOUS: These terms in common language are used to mean full [DOA.
or expressing intermediate DOA, these terms should not be used, and it is strgngly
dvised to use DOA. However, expression null (no, zero) AUTONOMY and full AUTONOMY can
e‘used without confusion.

— Level of automation, level of AuTONOMY: Although these terms are found in the literature,
it is recommended that DOA be used to avoid confusion.

The document also includes special attention on CLINICAL FUNCTIONs. This was needed
because in the definition of ESSENTIAL PERFORMANCE in 3.27 of IEC 60601-1:2005 and
IEC 60601-1:2005/AMD1:2012, CLINICAL FUNCTION is mentioned but not defined.

A.4 Definition of MONITOR — GENERATE — SELECT — EXECUTE

Kaber and Endsley [70] describes four generic functions in control systems as the following:

1) monitoring: which includes taking in all information relevant to perceiving system status
(e.g. scanning visual displays);
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2) generating: formulating OPTIONS or TASK strategies for achieving goals;

3) selecting: deciding on a particular OPTION or strategy; and

4) implementing: carrying out the chosen OPTION through control actions at an interface.

The terms chosen for use in this document are MONITOR, GENERATE, SELECT and EXECUTE and

their

A.5

This[document adopted the definitions of ROBOT and MEDICAL ROBOT as

ROBQT
programmed actuated mechanism with a DEGREE OF AUTONOMY, moving within its,enVironn
to pgrform intended TASKS

[SOURCE: ISO 8373:2012, 2.6, modified — The phrase "actuated mechahism programm

int

MEDICAL ROBOT

ROB(

The
deci

Sinc
follo
- P
o

— moving within its environment.

Thes
is nd
coNgG

A.6

DEG
typic

An

definitions have been modified for application to MEE and MES.

Approaches to define ROBOT and MEDICAL ROBOT

or more axes" was replaced with "programmed actuated mechapnism".]

T intended to be used as MEE or MES

definition of ROBOT is basically identical to that agreed upon by ISO/TC 299. TQ
led to change its definition in ISO 8373:2012 as stated’above.

b the definition of MEDICAL ROBOT is based an‘that of ROBOT, a MEDICAL ROBOT has
ving properties:

rogrammed, actuated mechanism;
DEGREE OF AUTONOMY; and

e characteristics can be found-in vast types of modern machines; therefore this defin
t to set normative boundaries to distinguish ROBOT from other machinery; rather it
eptual definition determined by its MANUFACTURER.

Conclusions

REE OF AUFONOMY is found in many MEE and MES; however, MEDICAL ROBOTS are the
al examples of MEE and MES with both lower and higher DOA.

NEE,"of MES is a MEDICAL ROBOT when the definition of ROBOT is satisfied and

hent,

able

299

the

ition
is a

most

the

MANU

FACTURER intends the MEE or MES to be a ROBOT.
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Annex B
(informative)

DoA and relevant terms used in MEE standards

General

After defining the terms and the framework of DOA, it was applied to the existing standards for
MEE by defining a list of keywords, which are similar to AUTOMATIC or AUTONOMOUS

(Ta

This|is an initial study to focus further investigation so the assessment of the relevance ¢
be more harmonized and the selection of keywords could be improved. The review |is like
grow in content as additional medical standards are included.

B.2

The following procedure was performed:

a) 4 list of 74 standards applicable for medical products with, €urrent versions was gener
(see Table B.2);

b) a non-exhaustive list of terms that indicate the dse of AUTONOMY was gener
(pee Table B.1). The terms were included (or considéred relevant) if they had a relati
the framework set out in this document based on-the following characteristics:

1) use of algorithm(s),
4) direct relationship to AUTONOMY, and
3d) relationship to the defined framework(MONITOR-GENERATE-SELECT-EXECUTE (MGSE))

c) 4dll standards were searched for the terms generated in b);

d) the terms identified were assessed regarding their relevance regarding AUTONOMY and
gs defined in this document.

B.3| Results

B.3. Summary

The fesults are the following:

a)

c)

]2\
(S = pray

Procedure

1 of the74 standards do not use the keywords for AUTONOMY. It can be assumed the
ot using AUTONOMOUS capabilities in MEE or MESS;

ould
ly to

ated

ated
bn to

DOA

are

some inconsistencies were found (see Table B.3). It is advisable to review the identified

standards in Table B.3 during the next maintenance cycle and align with the proposed
framework presented in this document.

DOA

NOTE Table B.1 and Table B.2 are as of January 2016, and these are informative and not intended to give the
complete list.
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Table B.1 - List of terms that indicate the use of AuUTONOMY
Terms Defined? Standard Definition
adaptive Differently - -
IEC Completely determined finite sequence of instructions by
algorithm Yes TR 62390:2005, which the values of the output variables can be calculated
3.1.1 from the values of the input variables
AUTONOMY Differently - -
automated Differently - -
IEC 62443-3- PROCESS or equipment that, under specified conditions|,
AUTQMATIC Yes 3:2013, 3.1.7 functions without human intervention
AUTQNOMY No - -
decide No - -
decigion Differently - -
detettion Yes IEC 60947- Function consisting of sensing(the“presence of a residyal
2:2006, B.2.3.4 current
GENHRATE Differently - -
IEC 60730- Not being adverselylinflienced by the control data flow and
independent Yes B not being impaired by’failure of other control functions,|or
1:2013, H.2.20.4
by common mode\effects
intelligence No - -
intelligent Differently - -
neurfl network No - -
predgtermined Differently - <
ROBQT No - -
self-governed No - -
self-governing No - -
self-pperating No - -
withqut OPERATOR
. . No - -
interyention
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Table B.2 — List of reviewed standards — sorted by standard number (7 of 4)

Standard Version Standard name

Edition 3.1 Medical electrical equipment — Part 1: General requirements for basic
IEC 60601-1 ;

2005/AMD 1:2012 safety and essential performance

Edition 4.0 Medical electrical equipment — Part 1-2: General requirements for basic
IEC 60601-1-2 safety and essential performance — Collateral Standard: Electromagnetic

2014 disturbances — Requirements and tests

Edition 2.1 Medical electrical equipment — Part 1-3: General requirements for basic
IEC 60601-1-3 safety and essential performance — Collateral Standard: Radiation

V-V VTRV R~V D

LZUUVUO/ANVIDT.ZUTO

protection in diagnostic X-ray equipment

IEC $0601-1-6

Edition 3.1
2010AMD1:2013

Medical electrical equipment — Part 1-6: General requirements.for. basic
safety and essential performance — Collateral standard: Usability

IEC $0601-1-8

Edition 2.1
2006/AMD1: 2012

Medical electrical equipment — Part 1-8: General requirementg for
basic safety and essential performance — Collateral standard:
General requirements, tests and guidance fomalarm systems ip
medical electrical equipment and medical gléctrical systems

IEC $0601-1-9

Edition 1.1
2007/AMD1:2013

Medical electrical equipment — Part 1-9¢ Genheral requirementg for
basic safety and essential performancé s Collateral Standard:
Requirements for environmentally€onscious design

IEC $0601-1-10

Edition 1.1
2007/AMD1:2013

Medical electrical equipment — Rart 1-10: General requiremenfs
for basic safety and essentialpérformance — Collateral Standard:
Requirements for the develepment of physiologic closed-loop
controllers

Medical electrical equipment — Part 1-11: General requiremenfs

IEC 60601-1-11 Edition 2.0 for basic safety and essential performance — Collateral Standard:
2015 Requirements for“\medical electrical equipment and medical
electrical systems used in the home healthcare environment
Medical electrical equipment — Part 1-12: General requiremenfs
Edition 1.0 for basicsafety and essential performance — Collateral Standard:
IEC $0601-1-12 Requirements for medical electrical equipment and medical
2014 electrical systems intended for use in the emergency medical
sefvices environment
Edition 3.1 Medical electrical equipment — Part 2-1: Particular requiremer|ts

IEC $0601-2-1

2009/AMD1:2014

for the basic safety and essential performance of electron
accelerators in the range 1 MeV to 50 MeV

Edition 5.0 Medical electrical equipment — Part 2-2: Particular requiremer|ts
IEC $0601-2-2 for the basic safety and essential performance of high frequerlcy

2009 surgical equipment and high frequency surgical accessories

Editien™3.1 Medical electrical equipment — Part 2-3: Particular requirements

IEC $0601-2-3

2012/AMD1:2016

for the basic safety and essential performance of short-wave
therapy equipment

Edition 3.0 Medical electrical equipment — Part 2-4: Particular requirements
IEC $0601-2-4 for the basic safety and essential performance of cardiac

2010 defibrillators

Edition 3.0 Medical electrical equipment — Part 2-5: Particular requiremer|ts
IEC $0601-2-5 for the basic safety and essential performance of ultrasonic

2009 physiotherapy equipment

Edition 2.1 Medical efectrical equipment — Part 2-6. Particutar requirements

IEC 60601-2-6 ] for the basic safety and essential performance of microwave
2012/AMD1:2016 therapy equipment
Edition 2.1 Medical electrical equipment — Part 2-8: Particular requirements
IEC 60601-2-8 for the basic safety and essential performance of therapeutic X-

2010/AMD1:2015

ray equipment operating in the range 10 kV to 1 MV

IEC 60601-2-10

Edition 2.1
2012/AMD1:2016

Medical electrical equipment — Part 2-10: Particular requirements
for the basic safety and essential performance of nerve and
muscle stimulators

IEC 60601-2-11

Edition 3.0
2013

Medical electrical equipment — Part 2-11: Particular requirements
for the basic safety and essential performance of gamma beam
therapy equipment
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Table B.2 (2 of 4)

Standard Version Standard name
Edition 1.0 Medical electrical equipment — Part 2-12: Particular requirements
ISO 80601-2-12 for basic safety and essential performance of critical care
2011 ventilators
Edition 1.1 Medical electrical equipment — Part 2-13: Particular requirements

1ISO 80601-2-13

2011/AMD1:2015

for basic safety and essential performance of an anaesthetic
workstation

Edition 4.0 Medical electrical equipment — Part 2-16: Particular requirements
IEC 60601-2-16 for the basic safety and essential performance of haemodialysis,

2042 l’lacllluu’l’afl’l‘tlatI'UII auu' I‘IGUIIIUIIIII'tlatI‘UII C’L{ul‘[JllIUIIt

Edition 3.0 Medical electrical equipment — Part 2-17: Particular requiremgnts
IEC $0601-2-17 for the basic safety and essential performance of automatically-

2013 controlled brachytherapy afterloading equipment

Edition 3.0 Medical electrical equipment — Part 2-18: Particular requiremgnts
IEC $0601-2-18 for the basic safety and essential performance of endoscopic

2009 equipment

Edition 2.1

IEC $0601-2-19

2009/AMD1:2016

Medical electrical equipment — Part 2-19;Particular requiremgnts
for the basic safety and essential performance of infant incubators

IEC $0601-2-20

Edition 2.1
2009/AMD1:2016

Medical electrical equipment — Rart 2-20: Particular requiremgnts
for the basic safety and esseftial performance of infant transgort
incubators

IEC $0601-2-21

Edition 2.1
2009/AMD1:2016

Medical electrical equipment — Part 2-21: Particular requiremgnts
for the basic safety and-essential performance of infant radiant
warmers

IEC $0601-2-22

Edition 3.1
2007/AMD1:2012

Medical electrical equipment — Part 2-22: Particular requiremgnts
for basic safety. and essential performance of surgical, cosmelic,
therapeutic and diagnostic laser equipment

Edition 3.0 Medicalelectrical equipment — Part 2-23: Particular requiremgnts
IEC $0601-2-23 for the-basic safety and essential performance of transcutaneus

2011 pattial pressure monitoring equipment

Edition 2.0 Medical electrical equipment — Part 2-24: Particular requiremgnts
IEC $0601-2-24 for the basic safety and essential performance of infusion punpps

2012 and controllers

Edition 2.0 Medical electrical equipment — Part 2-25: Particular requiremgnts
IEC $0601-2-25 for the basic safety and essential performance of

2011 electrocardiographs

Edition 3.0 Medical electrical equipment — Part 2-26: Particular requiremgnts
IEC $0601-2-26 for the basic safety and essential performance of

2012 electroencephalographs

Edition 3.0 Medical electrical equipment — Part 2-27: Particular requiremgnts
IEC $0601-2-27 for the basic safety and essential performance of

2011 electrocardiographic monitoring equipment

Edition 2.0 Medical electrical equipment — Part 2-28: Particular requiremgnts
IEC $0601-2-28 for basic safety and essential performance of X-ray tube

2010 assemblies for medical diagnosis

Edition 3.0 Medical electrical equipment — Part 2-29: Particular requirements
IEC 60601-2-29 for the basic safety and essential performance of radiotherapy

2008 simulators

Edition 1.1 Medical electrical equipment — Part 2-30: Particular requirements

IEC 80601-2-30

2009/AMD1:2013

for the basic safety and essential performance of automated non-
invasive sphygmomanometers

IEC 60601-2-31

Edition 2.0
2008

Medical electrical equipment — Part 2-31: Particular requirements
for the basic safety and essential performance of external cardiac
pacemakers with internal power source
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Table B.2 (3 of 4)

Standard

Version

Standard name

IEC 60601-2-33

Edition 3.2
2010/AMD1:2013/AMD2:2015

Medical electrical equipment — Part 2-33: Particular
requirements for the basic safety and essential
performance of magnetic resonance equipment for medical
diagnosis

Medical electrical equipment — Part 2-34: Particular

IEC 60601-2-34 Edition 3.0 requirements for the basic safety and essential
2011 performance of invasive blood pressure monitoring
equipment
. I‘VI‘C'U’I’UGI‘ U;cbt!l’bal‘ CL’UI‘[JIIICII:— Palt 2'35 Paltl‘bul’al
IEC 80601-2-35 Edition 2.1 requirements for the basic safety and essential
2009/AMD1:2016 performance of heating devices using blankets, pads ¢r
mattresses and intended for heating in medical use
. Medical electrical equipment — Part 2-37: Particular
IEC 60601-2-37 Edition 2.1 requirements for the basic safety and essghtial
2007/AMD1:2015 performance of ultrasonic medical diagnostic and
monitoring equipment
Edition 2.0 Medical electrical equipment —.Rart 2-39: Particular
IEC $0601-2-39 requirements for basic safety and essential performange
2007 of peritoneal dialysis equipgtent
L Medical electrical equipment — Part 2-41: Particular
IEC 60601-2-41 Edition 2.1 requirements for the' pasic safety and essential
2009/AMD1:2013 performance of surgieal luminaires and luminaires for
diagnosis
. Medical elegctrical equipment — Part 2-43: Particular
IEC 60601-2-43 Edition 2.0 requireménts for the basic safety and essential
2010 performance of X-ray equipment for interventional
procedures
Edition 3.2 Medical electrical equipment — Part 2-44: Particular
IEC $0601-2-44 requirements for the basic safety and essential
2009/AMD1:2012/AMD2:2016,} performance of X-ray equipment for computed tomogrgphy
L Medical electrical equipment — Part 2-45: Particular
IEC 60601-2-45 Edition 3.1 requirements for the basic safety and essential
2011/AMD1:2015 performance of mammographic X-ray equipment and
mammographic stereotactic devices
Edition 3.0 Medical electrical equipment — Part 2-46: Particular
IEC $0601-2-46 requirements for the basic safety and essential
2016 performance of operating tables
Edition 2.0 Medical electrical equipment — Part 2-47: Particular
IEC $0601-2-47 requirements for the basic safety and essential
2012 performance of ambulatory electrocardiographic systems
Edition 2.0 Medical electrical equipment — Part 2-49: Particular
IEC $0601-2-49 requirements for the basic safety and essential
2011 performance of multifunction patient monitoring equipment
Edition 2.1 Medical electrical equipment — Part 2-50: Particular
IEC $0601-2-50 requirements for the basic safety and essential

2009/AMD1:2016

performance of infant phototherapy equipment

IEC 60601-2-52

Edition 1.1
2009/AMD1:2015

Medical electrical equipment — Part 2-52: Particular
requirements for the basic safety and essential
performance of medical beds

IEC 60601-2-54

Edition 1.1
2009/AMD1:2015

Medical electrical equipment — Part 2-54: Particular
requirements for the basic safety and essential
performance of X-ray equipment for radiography and
radioscopy

Edition 1.0 Medical electrical equipment — Part 2-55: Particular
ISO 80601-2-55 requirements for the basic safety and essential
2011 performance of respiratory gas monitors
" Medical electrical equipment — Part 2-56: Particular
Edition 1.0 requirements for basic safety and essential performance
ISO 80601-2-56 o
2009 of clinical thermometers for body temperature

measurement
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Standard

Version

Standard name

IEC 60601-2-57

Edition 1.0
2011

Medical electrical equipment — Part 2-57: Particular
requirements for the basic safety and essential
performance of non-laser light source equipment intended
for therapeutic, diagnostic, monitoring and
cosmetic/aesthetic use
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Standard Version Standard name
Medical electrical equipment — Part 2-58:
Edition 2.1 Particular requirements for the basic

IEC 80601-2-58

2014/AMD1:2016

safety and essential performance of lens
removal devices and vitrectomy devices
for ophthalmic surgery

Medical electrical equipment — Part 2-59:

Edition 1.0 Particular requirements for the basic
IEC 80601-2-59 safety and essential performance of
2008 screening thermographs for human febrile
temperature screening
" Medical electrical equipment — RPart 2{60:
IEC B0601-2-60 Edition 1.0 Particular requirements for theybasic
2012 safety and essential performance of
dental equipment
" Medical electrical equipment — Part 2{61:
150 B0601-2-61 Edition 1.0 Particular requirenients for basic safelty
2011 and essential pgrformance of pulse
oximeter equipment
. Medical electrical equipment — Part 2{63:
IEC 60601-2-63 Edition 1.0 Particularrequirements for the basic
2012 safety and essential performance of
dentalextra-oral X-ray equipment
L Medical electrical equipment — Part 2{65:
IEC §0601-2-65 Edition 1.0 Particular requirements for the basic
2012 safety and essential performance of
dental intra-oral X-ray equipment
. Medical electrical equipment — Part 2{67:
1S0 B0601-2-67 Edition 1.0 Particular requirements for basic safely
2014 and essential performance of oxygen
conserving equipment
Medical electrical equipment — Part 2{68:
Particular requirements for basic safefy
Edition 1.0 and essential performance of X-ray bgsed
IEC $0601-2-68 image-quided radiotherapy equipmen{ for
2014 use with electron accelerators, light idn
beam therapy equipment and radionuglide
beam therapy equipment
" Medical electrical equipment — Part 2{69:
150 B0601-2-69 Edition 1.0 Particular requirements for basic safely
2014 and essential performance of oxygen
concentrator equipment
. Medical electrical equipment — Part 2{70:
1S0 B0601-2-70 Edition 1.0 Particular requirements for basic safely
2015 and essential performance of sleep
apnoea breathing therapy equipment
Medical electrical equipment — Part 2{72:
Edition 1.0 Particular requirements for basic safefy
ISO 8060T-2-72 and essential performance of lome
2015 healthcare environment ventilators for
ventilator-dependent patients
Edition 1.0 Medical electrical equipment —
IEC 62083 Requirements for the safety of
2009 radiotherapy treatment planning systems
IEC 62304 Edition 1.1 Medical device software — Software life-
2006/AMD1:2015 cycle processes
IEC 62366-1 Edition 1.0 Medical devices — Part 1: Application of
2015 usability engineering to medical devices
Edition 1.0 Medical devices — Part 2: Guidance on the
IEC 62366-2 application of usability engineering to
2016 medical devices
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Standard Version Standard name
Edition 1.0 Medical device software — Part 1:
IEC TR 80002-1 Guidance on the application of ISO 14971
2009 to medical device software
Medical electrical equipment — Part 4-3:
Edition 1.0 Guidance and interpretation —
IEC TR 60601-4-3 Considerations of unaddressed safety
2015 aspects in the third edition of IEC 60601-1
and proposals for new requirements
Edition 1.0 Lung ventilators for medical use —
ition 1. : i i
ISO 10651-6 aP’zj{ritlcular rgqu:rements forfas:c sa.fety
= Home-care ventilatory support deviteg
Edition 1.0 ; ; ;
1SO TR 24971 Med/_ca/_dewces — Guidance on\the
2013 application of ISO 14971
Edition 2.0 ; ; AN ;
1S0 h4971 Medical devices — Application of risk

2007

management to medical devices
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Table B.3 — List of identified inconsistencies in reviewed standards (7 of 2)

Term

Subclause

Text

Recommendation

IEC 60601-2-1:2009

AUTOMATIC 201.9.2.1 General |NOTE 1 The phrase "to set-up The term is inconsistent with
automatically" or "AUTOMATIC set-up" |the understanding of the term
is used to denote the moving of MEE | AUTOMATIC and usage within
parts automatically to the positions DOA as discussed in this
required for the start of a PATIENT document.
treatment. Clarification: With the new

definition of AUTOMATIC this
should be changed to a
different term (e.g. auto-
assistance), because
AUTOMATIC is without
OPERATOR intervention and
does not requiré continuous
activation;

pre-programmed 201.9.2.1 General |NOTE 2 The term "pre-programmed | The term-pre-programmed|can
movements" is used where be confusing with the use ¢f
movement of MEE parts takes place AUTOMATIC. It is recommended
according to a previously planned to.consider the remaining fise
programme, without intervention by of pre-programmed.
the OPERATOR, during a PATIENT e .
treatment; the treatment is referted”’ | Clarification: The term “prg-
to as a "pre-programmed treafment". |Programmed” is understoofl as

AUTOMATIC. It is advisable fo
change it in the next
maintenance cycle of the
standard

IEC $0601-2-4:2010

AUTJMATIC 201.3.201 Automated external defibrillator These semi-AUTOMATIC andl

(AED) that,.@nce activated by the
OPERATOR\analyses the ECG
obtained from electrodes placed on
the PATIENT’S skin, identifies
shockable cardiac rhythms, and
automatically operates the
defibrillator when a shockable rhythm
is detected, hereinafter referred to as
an AED.

NOTE 3 AEDs can provide varying
levels of automation and be referred
to by various terms. A semi-
AUTOMATIC defibrillator requires
manual shock activation. A fully
AUTOMATIC defibrillator will provide
shock without OPERATOR intervention.

=

AUTOMATIC functionalities
AEDs have different DOA apd
can operate even without the
OPERATOR. Therefore it caf be
more than “AUTOMATIC”.

semi-AUTOMATIC: MONITORING
or GENERATINg OPTION(S) gr
EXECUTING is done by the MEE.
SELECTING an OPTION is ddne

by the OPERATOR.

AUTOMATIC: would be full
AUTONOMY because MGSE i$ all
done by the MEE. The term|
“AUTOMATIC” here is used fpr

full AUTONOMY whereas in this
framework the term AUTOMATIC
is seen as a low DEGREE Of
AUTONOMY

Clarification: Instead of “sgmi-
AUTOMATIC” g-—DOoA 13 ouk of

15 via the binary method (see
Annex C) can be used.

The term AUTOMATIC can be
replaced by the term
AUTONOMOUS.
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Table B.3 (2 of 2)

Term Subclause Text Recommendation
AUTOMATIC 201.3.216 Selected energy: energy which the This AUTOMATIC functionality
defibrillator is intended to deliver, of the AEDs has different

as determined by the setting of a DEGREES OF AUTONOMY and

manual control or by an AUTOMATIC can operate even without the

protocol OPERATOR. Therefore it can
be more than “AUTOMATIC”.
detection 201.7.9.2.101 i) The RRD has continued analysing The term “detection” would be

ECG after the initial shockable similar to the term

rhythm detection and has then “MONITORING” used in the poA

detected a non-shockable rhythm; framework.

detegction 201.8.5.5.101 Defibrillators requiring an The term “detegtion” woulfl be
impedance within a certain range to | similar to the term

be present at the output of the “MONITORING¥ used in the poA

DISCHARGE CIRCUIT are to be tested framework:

connected to a 50 W resistive load.

In the case of defibrillators

requiring the detection of a

shockable ECG in order to deliver a

shock, an ECG simulator

incorporating a 50 W resistive load

is to be used.

1SO(80601-2-12:2011
AUTQMATIC 201.3.222 VENTILATOR: MEE inténded to T_h|s function can have
o automaticall-y augment or provide different oA and can opefate
A even without the OPERATOR.
ventilation of the\lungs of the Therefore it can be more than
PATIENT whenconnected to the « »
g AUTOMATIC”.

airway of the PATIENT
Clarification: Defining DOA of
the various ventilator MEE|can
help to differentiate betwgen
the various applications.

IEC [60601-2-68:2014
AUTOMATIC 201.9.2.1 General | NOTE 4 The phrase 'to set-up The term is inconsistent with
o AUTOMATICALLY' or 'AUTOMATIC set- the understanding of the_ tprm
up' is used to denote the moving of AUTOMATIC and usage withiin
DOA as discussed in this

MEE parts AUTOMATICALLY to the document

positions required for the start of a ’

PATIENT treatment or imaging. Clarification: With the new
definition of AUTOMATIC th|s
part needs to be reconsidgred
to be changed to a differept
term, e.g. auto-assistanced,
because AUTOMATIC is without
OPERATOR intervention anfl
does not require continuolis
activation.

AUTOMATIC 201.9.2.1 General | NOTE 5 The term "pre- The term pre-programmed

programmed movements" is used
where movement of MEE parts takes
place according to a previously
planned programme, without
intervention by the OPERATOR,
during a PATIENT treatment; the
treatment is referred to as a "pre-
programmed treatment".

can be confusing with the use
of AUTOMATIC. It is
recommended to consider the
remaining use of pre-
programmed.

Clarification: The term “pre-
programmed” is understood
as AUTOMATIC. It is advisable
to change it in the next
maintenance cycle of the
standard.
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Annex C
(informative)

Exemplar methods for classifying DEGREE OF AUTONOMY

Descriptive method

The descriptive method defines 10 degrees of AUTONOMY. This method employs an adapted

version of the taxonomy defmed by Kaber and Endsley [70] In order to d|fferent|ate between

thosg
cont

M
- g
S
- H

The
Each
the
EXEQ

Inm
com
the d
robo
com

ol and operat|on namely

ONITOR;

ENERATE OPTIONS;

ELECT an OPTION; and
XECUTE the chosen OPTION.

10 degrees of AUTONOMY of the descriptive method are listed and described in Table
generic function can be carried out by a human (abbreviated “H”) or by a comput
MEE/MES (abbreviated “C”) and M, G, S, E are the MONITOR, GENERATE, SELECT
UTE TASKS.

Any cases it is not possible to assign a generic funetion completely to the human or t
puter. The responsibility for the generic function‘is then shared between the human
omputer (indicated by “H/C” in Table C.1). For example, when using a tele-operated
lic surgical device the surgeon (OPERATOR) monitors the actions visually, whilg
buter monitors forces and provides feedback to the OPERATOR.

s of

C.1.
er in
and

b the
and
TO)
the
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Table C.1 — Descriptive classification of DOA

Degree | Mnem.

Description

M

Full manual (FM): No AUTONOMY involved. The
OPERATOR performs all TASKS to MONITOR the state of
the system, GENERATE performance OPTIONS, SELECT
the OPTION to perform (decision making) and EXECUTE
the decision made, i.e. physically implementing it.

Teleoperation (TO): The MEE or MES assists the
OPERATOR to EXECUTE the selected action, although
continuous OPERATOR control is required. The
OPERATOR performs all TASKS to MONITOR the state of

H/C

H/C

the MEE or MES, GENERATE OPTIONS, SELECT the desired
OPTION to EXECUTE and then to actually EXECUTE it.
(Master—Slave teleoperation.).

Pre-programmed execution (PE): The OPERATOR carries
out the GENERATE and SELECT activities without any
analysis or selection carried out by the MEE or MES.

H/C

Shared decision (SD): Both the OPERATOR and the MEE
or MES GENERATE possible OPTIONS. The OPERATOR
retains full control over the SELECT TASK. Both the
OPERATOR and the MEE participate in the EXECUTE
TASK.

H/C

H/C

H/

[

Decision support (DS): MEE performs the GENERATE
OPTIONS TASK, which the OPERATOR can SELECT from,
or the OPERATOR can GENERATE alternative OPTIONS;
Once the OPERATOR has SELECTED an OPTION, it is
turned over to the MEE or MES to EXECUTE it.

H/C

H/C

Blended decision (BD): The MEE or MES GENERATES
OPTIONS, which it SELECTS from and EXECUTES if the
OPERATOR consents. The OPERATOR can also
GENERATE and SELECT an alternative OPTION; the MEE
will then carry out the EXECUTE TASK; BD represents a
high-level decision support systemthat is able to
SELECT among alternatives as.well as EXECUTE the
chosen OPTION.

H/C

H/C

H/C

Guided decision (GD): The MEE or MES presents a set
of actions to the OPERATOR. The OPERATOR’S role is to
SELECT from among.this set; he/she cannot GENERATE
any other additiohal oPTIONS. The MEE will fully
EXECUTE the €hosen OPTION.

H/C

AUTONOMOUS decision (AD): The MEE or MES SELECTS
the best-:QPTION and EXECUTES it, based on the
GENERATE TASK (this list can be augmented by
alternatives suggested by the OPERATOR).

H/C

H/C

OPERATOR MONITORING (OM): The MEE or MES
GENERATES OPTIONS, SELECTS the OPTION to implement
and EXECUTES it. The OPERATOR MONITORS the MEE or
MES and intervenes if necessary. Intervention places
the human in the role of SELECTING a different OPTION.
During the procedure, there can be decision-making

H/C

rr_\ninfe that will he decided h‘,’ the MEE or MES

10 FA

Full AuTONOMY (FA): The MEE or MES carries out all
MGSE actions. The OPERATOR does not intervene
except to emergency-stop the MEE or MES.

C.2 Binary method

The binary method defines 16 degrees of AUTONOMY and is also based on the taxonomy
defined by Kaber and Endsley [70]. The four generic functions (MONITOR, GENERATE OPTIONS,
SELECT an OPTION, and EXECUTE the chosen OPTION) can be carried out either by an OPERATOR
or by the MEE or MES. This constitutes the 16 OPTIONS listed in Table C.2. An increasing
“index” in the table reflects increasing DOA; however when applying this method it might be

necessary to adapt the order of the indexes when applying it to a specific situation.
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The binary method can be used whenever a clear distinction between the assignment of the
generic functions to either OPERATOR or MEE or MES is desired. In those cases where it is not
possible to assign a generic function completely to the OPERATOR or the MEE or MES, the major
share of responsibility is listed.

Table C.2 — Binary classification of DOA

Degree EXECUTING SELECTING GENERATING MONITORING
0 OPERATOR OPERATOR OPERATOR OPERATOR
1 OPERATOR OPERATOR OPERATOR MEE/MES
2 OPERATOR OPERATOR MEE/MES OPERATOR
3 OPERATOR OPERATOR MEE/MES MEE/MES
4 OPERATOR MEE/MES OPERATOR OPERATQR
5 OPERATOR MEE/MES OPERATOR MEE/MES
6 OPERATOR MEE/MES MEE/MES OPERATOR
7 OPERATOR MEE/MES MEE/MES MEE/MES
8 MEE/MES OPERATOR OPERATOR OPERATOR
9 MEE/MES OPERATOR OPERATOR MEE/MES
10 MEE/MES OPERATOR MEE/MES OPERATOR
11 MEE/MES OPERATOR MEE/MES MEE/MES
12 MEE/MES MEE/MES ORERATOR OPERATOR
13 MEE/MES MEE/MES OPERATOR MEE/MES
14 MEE/MES MEE/MES MEE/MES OPERATOR
15 MEE/MES MEE/MES MEE/MES MEE/MES

NOTE Each cell can have shared control, but in each case the major OPERATOR is listed.

C.3| Weighted method

The |“MONITOR”, “GENERATE_ OPTIONS”, “SELECT an OPTION” and “EXECUTE the chosen OPJION”
(MGSE) aspects of a SARETY function of MEE or MES can be allocated a normalised weight (from
0-1)|based on its DOA; where 0 implies no AUTONOMY and 1 implies full AUTONOMY.|The
varigtion between 0-and 1 will be a continuous function (linear or nonlinear) where diffgrent
DOAY specific to'the application can be specified.

DEGREE OF-AUTONOMY: The method should enable allocating a weight to signify the bga. A
continuous' mapping method provides flexibility to the DOA decision, and that is desciibed
below:
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MONITOR: An example of applying the weighted method to the MONITOR TASK is presented in
Figure C.1 (the weighting factors in the list of Figure C.1 are examples only).

DOA - MONITOR

1,0 1
0,8 1+
06 =
0,4 1+
02-1
l l l ] l ] ]
0 =l i = m EypaTe i
T 5, &% 38§ = 55 3
— = = =
S &5 =3 g5 z§F 35 3% 2
~ o =, s Q — O
= 55 &5 yr 35 &g 2% =3
T $ = o =] Ia »e n o IL ©
IEC
Key
DOA — MONLTFOR TASK
0 Human uses own senses and interprets
0,1 Human SELECTS and uses sensor(s) and interprets data
0,15 MEE or MES SELECTS a restricted sub-set of sensor(s) and human interprets data
0,2 MEE or MES SELECTS sensor(s) and human interprets sensor data
0,4 MEE or MES SELECTS sensof(s); human interprets data and MEE or MES suggests alternative
0,6 MEE or MES SELECTS(sensor(s); MEE or MES interprets a sub-set of data (human does the rest)
075 MEE or MES SELEETS-sensor(s); MEE or MES interprets a sub-set of data and suggests alternatives| for
’ some of the data
1 MEE or MES SELECTS sensor(s); MEE or MES interprets data
Figure C.1 — Application of weighted method to the “MONITOR” TASK
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GENERATING OPTIONS: An example of applying the weighted method to the GENERATE OPTIONS
TASK is presented in Figure C.2.

DOA — GENERATE OPTIONS

1,0
0,8 1+
06 —
04 1+
0,2 1+
] l l ]
0 1 j j T
— — +— ho!
g 5 5 o g
c 2o Q (v} o
1] E Q. Q N C
= o 3 3 4 =8
53
uw @
IEC
Key
DOA < GENERATE OPTIONS
0 MEE or MES are not involved in GENERATING OPTIONS
0,3 MEE or MES supports the OPERATOR.t0 GENERATE OPTIONS for limited cases
0,6 MEE or MES supports the OPERATOR to GENERATE OPTIONS for all cases
0,75 MEE or MES GENERATE OPTIONS TASK for limited cases
1 MEE or MES GENERATE ORTIONS TASK for all cases
Figure C.2 — Application of weighted method to “GENERATE OPTIONS”



https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

IEC TR 60601-4-1:2017 © IEC 2017 - 47 -

SELECTING OPTIONS: An example of applying the weighted method to the SELECT OPTION

is presented in Figure C.3.

DOA — SELECT OPTIONS

TASK

1,0
0,8 +
06 =+
04
0,2 +
l | | l
0 1 j j T
b + + el >
3 Bo 1<} o g
c h=gio N Q © [e]
© Eﬂ. o Ny c
= 33 3 4 =B
53
L @

EC

Key
DOA — SELECT OPTION
0 MEE or MES is not involved in SELECTING\the OPTION
0,3 MEE or MES supports the OPERATOR{0 SELECT OPTION for limited cases
0,6 MEE or MES supports the OPERATOR to SELECT OPTION for all cases
0,75 MEE or MES SELECTS OPTION\for limited cases

MEE or MES SELECTS OPTJON for all cases

Figure C.3 — Application of weighted method to “SELECT OPTION” TASK
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EXECUTING OPTIONS: An example of applying the weighted method to the EXECUTE TASK is
presented in Figure C.4.

DOA — SELECT the OPTIONS

1,0 —
0,8
06 =
0,4 1+
02
| | | |
0 1 j j T
E 85 5 k5 £
c 2o o (v} o
1] E Q. Q Ny C
= ) 3 vju 4 =B
53
w @
IEC
Key
DOA — EXECUTE
0 MEE or MES has no role in the EXECUTE-@PTION
0,3 MEE or MES supports the OPERATOR:\{0 EXECUTE TASK in limited cases
0,6 MEE or MES supports the OPERATOR to EXECUTE TASK in all cases
0,74 MEE or MES performs the EXECUTE TASK in limited cases
1 MEE or MES performs, the\EXECUTE TASK in all cases
Figure C.4 — Application of weighted method to the “EXECUTE” TASK
Overall DOA: The MEE’' or MES’s overall DOA of the SAFETY function can be obtainefl by
combining the various DOA levels of the “MONITOR”, “GENERATE OPTIONS”, “SELECT an OPTION”
and [EXECUTE the.chosen OPTION” parts as follows:
Let w4, wo,Niv3 and w, be the DOA weightings associated with the MONITOR (M), GENERATE
OPTIONS ((G), SELECT an OPTION (S), and EXECUTE the chosen OPTION (E) TASKS, respectively,
whefe

Wy +wy +wy +wy =1

(C.1)

Thus, the overall DOA for the SAFETY function can be defined as

DOA:W1M+W2G+W3S+W4E (C 2)

The above equation will result in a value in the range 0 to 1, where 0 means no AUTONOMY
and 1 means full AUTONOMY for the MEE or MES.

The MANUFACTURER can adopt the key values described in Figures C.1 to C.4 to estimate the
impact of DOA in the MGSE steps. The MANUFACTURER can modify these values based on the
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INTENDED USE. Then the MANUFACTURER determines the weighting coefficients w, to wy
depending on the characteristics of the MEE or MES in terms of the relative importance of the
MGSE aspects.

EXAMPLE Consider a MEE with DOA weightings defined on the basis that the MONITOR and GENERATE OPTIONS
TASKS can add to the probability of a HAZARDOUS SITUATION to occur (which can lead to HARM) and EXECUTING the
selected OPTION is likely to actually cause HARM in this specific example. In this case we can assume MGSE weights

of 0,1

which

Let

5, 0,15, 0,25, 0,45 to give:
w, =0,15, w, = 0,15, wy = 0,25, and w, = 0,45,

can give a realistic estimate of the importance of the MGSE functions to the DOA.
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hosen OPTION TASKS be given as follows:

D, 2 (MEE or MES SELECTS sensor(s) and human interprets sensor data)

D, 3 (MEE or MES supports the OPERATOR to GENERATE OPTIONS for limited eases)
,6 (MEE or MES supports the OPERATOR to SELECT the best OPTION forall cases)
,75  (MEE or MES performs the EXECUTE TASK in limited cases)

tituting values into Equation (C.2) yields the DOA for the considered MEE as:

DOA=wM +w,G+w3S+wW, E
=0,5%0,2+0,15x0,3+0,25x0,6 + 0,45x% 0,75 = 0,5625

Such numeric values for DOA allows interpretationof. the RISK and possible RISK reduction measu
ular use case scenarios when changes are made’\to weightings levels and to DOA based on wh
sing DOA increases or reduces RISK in each activity>considered.

TING

es in
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Annex D
(informative)

Examples of introducing DOA to MEE/MES

D.1 General

Examples are used to describe how the concept of DOA is applied in various MEE and MES.
Each example includes:

a) 4 description of how MEE or MES is used and the rationale for introducing AUTONOMY;
b) gn explanation why the MEE under consideration is to be considered a MEDICAL\ROBQT or

rnot;

c) 4gpplication of one or more of the three DOA classification methods described in Annex|C in
the example;

d) the effect of DOA on the RISK MANAGEMENT PROCESS identifying functions/TASKS invglved

nd associated RISKS with and without DOA; and

e) sjummary and conclusions.

D.2| Example 1 — Lower extremity exoskeleton

D.2. Description of the medical procedures

An assistive lower extremity exoskeleton is a weatable MEE providing support and help fof the
PATIENT to improve mobility or gait generation;er restore function. It is considered MEDICAL
ROBQT when it contains sensing, actuation, and interfacing mechanisms allowing the PATIENT
or OPERATOR to interact with the system and initiate/stop the relevant functional operations
that [are performed with a DOA by the:-System. A passive exoskeleton, driven only by for
example spring elements, is not a MEBICAL ROBOT, as it is not an MEE, nor has a DOA in its
operption. Depending on the physical and cognitive capability of the PATIENT, some DOA might
need to be introduced into the system at various levels of the MONITORING, GENERATING
OPTIDNS, SELECTING an OPTION @nd EXECUTING the OPTION TASKS. This example illustrates the
mangagement of RISKS associated with the introduction of DOA at these levels.

This| clause contains~two examples related to lower extremity exoskeletons. The |first
consliders the DOA of-the full exoskeleton, while the second puts focus on one subsedtion,
whelle the CLINICAL FUNCTION of such an exoskeleton is on the foot placement.

D.2. DoA classification method

D.2.2.1 Assistive exoskeleton

Consider the high-level CLINICAL FUNCTION of an elderly PATIENT performing level walking using
a lower extremity exoskeleton supporting both legs with 20 % additive assistive force. All the
movements are initiated and controlled by the PATIENT, who is simultaneously the OPERATOR of
the MEE. The device senses the movement of the leg and the interaction forces. Subsequently
it determines the phase of the gait cycle and SELECTS the needed joint torques to provide a
predefined level of force assistance.

To establish the DOA of level walking with the exoskeleton, the weighted method presented in
Annex C is used. The DOA of each function is chosen based on estimated contributions of MEE
versus the OPERATOR, instead of using values associated with the specific descriptions in
Figure C.4.

MONITOR: In level walking most of the sensing is done by the PATIENT (e.g. the environmental
constraints, the need to make a step and overall stability). The MEE performs the MONITORING


https://iecnorm.com/api/?name=6612aab2ada170031aa57cf26ff31455

IEC TR 60601-4-1:2017 © IEC 2017 -51 -

TASK during the walking motion based on movement and forces applied by the PATIENT-
OPERATOR. The amount of data monitored by the MEE and its importance can be estimated as
20 %; hence M = 0,2.

GENERATE OPTIONS: When the CLINICAL FUNCTION of level walking is considered, there are
several OPTIONS to be produced (e.g. starting, stopping, speed of walking, keeping balance).
These high level OPTIONS are produced by the GENERATE OPTION TASK (and the most
appropriate chosen) by the PATIENT (also the OPERATOR). The exoskeleton leg has the
predefined support OPTIONS (torque profile) for: a) swing leg movement and b) stance leg
movement. The amount of OPTIONS GENERATED by the MEE and their importance can be
estimated conservatively as 5 %; hence G = 0,05.

SELECT an OPTION: The MEE will decide whether it provides torques according to: a)the swing
leg profile, or b) the stance leg profile. Other OPTIONs are selected by the OPERATOR.| The
amolnt of OPTIONs that the MEE needs to SELECT and their importance can be "estimateld as
5 %;|hence S = 0,05.

EXEQUTE the chosen OPTION: The EXECUTED movements in level walking.aré performed by the
MEE [and the OPERATOR in a shared fashion. The amount of assistivetorque provided by the
MEE pan be predefined for each exoskeleton leg. In this example, the-MEE provides 20 % of the
overfll required torque. For level walking, a full coordination of bedy movements is reqiired
and |s EXECUTED by the OPERATOR. The percentage of the movement of the legs compargd to
the full body is estimated as 70 %. So the overall percentage of the MEE in performing the
EXEQUTE TASK can be estimated as 20 % of 70 %; hence E ~'0,14.

25.

There is no strong reason to choose specific weighting factors so all are set equally to 0
Henge using Equation (C.2):

DOA = w M$Ww,G + w3 S +wy E
withw, = 0,25, wy, = 0,25, wy = 0,25 and-w, = 0,25, yields
DOA=0,25%0,2+0,25x0,05+0,25x 0,05+ 0,25x 0,14 = 0,1

D.2.2.2 Foot placement sub-function

One|possible CLINIGAL_.FUNCTION in a medical walking exoskeleton for walking is to mové¢ the
swing leg to a new-stable stance position. Here, this specific function is considered, when
realiged with different levels of DOA. The descriptive method, presented in Annex C, is bsed
here|to introduce the DOA.

Moving’ the swing foot to a stable stance location with DOA =2 (tele- or master-glave
operption), the PATIENT decides the optimal foot placement location and moves the foot,| and
the MEE supports the movement in PATIENT-decided movements (sharing the EXECUTE TASK).

Moving the swing foot to a stable stance location with DOA = 4 (shared decision with shared
operation), the PATIENT and MEE calculate or determine an optimal foot placement location, the
PATIENT initiates movement, then the movement is made on a shared basis.

Moving the swing foot to a stable stance location with DOA =9 (OPERATOR performs the
MONITOR TASK), the MEE calculates optimal foot placement location, and EXECUTES the swing
leg motion. The PATIENT can intervene if needed.
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D.2.3 Effect of DOA on the RISK MANAGEMENT PROCESS

D.2.3.1 Assistive exoskeleton

In an MEE as presented in D.2.2.1, DOA can be increased by moving more components of level
walking from the PATIENT or OPERATOR to the MEE, up to a mode where coordination and
movement of the legs is fully performed by the MEE with a high-level interface for the
OPERATOR to decide, for example, only to start and stop the motion. Table D.1 and Table D.2
describe the effect of DOA on the RISK MANAGEMENT PROCESS for such a lower extremity
exoskeleton.

—Tabte Drt=FExampiet=Effect of DOA O the RISK MANAGEMENT PROCESS

Impact of increasing DOA

Fynction/TAsk HAZARDS Ad%'t'o?.al )
Reduced RISK Increased RISK congqlderations
Support level Falling, Improved joint Taking control from DoA based on a RI$K
walling of an . coordination, the PATIENT can MANAGEMENT PROCESS
eldefly PATIENT. Stumbling, . introduce conflict. fop the individual in
Tripping Improved gait _ terms of his/her
’ control. Sc?c?rtcliri]:;tlij;n of level physical/ neurologital
Imbalance, P " capability,
Recovering in case walking by the EE seg Tabl)é D2
Collision. of stumbling, (higher DOA).can lead -

to a reduction) of
situational’ awareness
of PATIENT-OPERATOR.
This can lead to
additional HAZARDS,
when the PATIENT-
OPERATOR needs to
take over control in
dangerous situations.

Ability to absorb
harmful energy due
to collisions.

Table D.2 — Example 1 — Physical and cognitive capability of individual
and CLINICAL FUNCTION needed

PIATIENT’S physical and cognitive

capability (SEVERITY) CLINICAL FUNCTION needed

Physically impaired Provide physical support as needed

Neufologically impaired Motor control and physical support as needed

Provide motor control and physical movement, with PATIENT-specifi
interface.

No pghysical functionalitye/g. spinal c

cord injury

D.2.3.2

Tablge<B.3 describes the effect of DOA on the RISK MANAGEMENT PROCESS for the spgcific
CLlNlmmﬂmmmmW ;

D.2.4

Eoot placement sub-function

Summary and conclusions

D.2.4.1 Assistive exoskeleton

The lower extremity exoskeleton exemplified can benefit from DOA depending on the physical
and cognitive capability of the PATIENT. Where the PATIENT is capable in physical and cognitive
senses, very limited DOA might be incorporated, and higher DOA could come into conflict with
the PATIENT’S intentions in certain functions. As the physical/cognitive capability of the PATIENT
becomes limited, the use of increased DOA will be important and can be beneficial to the
PATIENT. From this example it occurs that the weighted method is only feasible if the
quantitative contribution of each component of boA (MGSE) can be roughly estimated by the
MANUFACTURER. The method could allow changes in DOA to be studied by varying the weights
and assess where benefits in MGSE are most effectively achieved.
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D.2.4.2 Foot placement sub-function

For the specific subfunction of moving the swing foot to a stable stance location, it was shown
that based on the DOA of this function, specific RISKS increase, while other RISKS decrease. As
in D.2.4.1, the physical and neurological capability of the intended PATIENT to operate the
exoskeleton, were shown to be key factors in estimating these RISKS, and determining the DOA
with the lowest RISK for this sub-function. From this example it occurs that the descriptive
method is especially feasible if the (sub)function under consideration is specific and well
defined {, but may also be feasible for the complete system}.

Table D.3 — Example 1 — Sub-function TASK example

Impact of increasing DOA

-n

inction/TASK

HAZARDS

Reduced RISK

Increased RISK

Additional
considerations

Collision of foot or
leg with environment
(possibly leading to
a fall)

With a low DOA the
support of the MEE
can lead to
unexpected fast
movement of the leg
when controlled only
by the PATIENT. With
higher DOA, MEE
controls movement.

With a low DOA,
shared execution
can overshoot the
targeted foot
location, even if
moving in the right
direction. With
higher DOA, MEE
controls movement.

With a high boA
there can be a RISK
of collision with the
environment (e.g.
obstacles) as the
MEE controller might
not be aware of the
environment of
operation.

Fall due to unstable
foot placement

With suffieient
understanding of the
environment, MEE
cap~calculate and
EXECUTE stable foot

With a high DoA, a
PATIENT with
medium/high
functionality could
perform an action

understood by the
MEE, then the
objectives of the
PATIENT and the MEE
can be conflicting
and lead to instable
foot placement.

When the safe
movement of the
swing leg is fully and
continuously
performed by the
MEE (higher DOA), it

DoA based on RiIsH

placements. that responds to MANAGEMENT PROCESS
Mov|ng the swing environmental issues | for the individual
foot ffo a stable (e.g. a hole in the PATIENT in terms of
stanfe location floor) which is not physical/ neurologjcal

capability,
see Table D.2

cdall icau' iU iUWUI
situational
awareness of the
stability of intended
foot placements.

Failure of performing
intended function (if
this is walking
ability)

With a low DOA, a
PATIENT with low
functionality might
not be able to walk
at all.

With a high DOA, a
PATIENT with low
functionality might
be able to walk.
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D.3 Example 2 — Orthopaedic MEE/MES/MEDICAL ROBOT for reshaping bone

D.3.1 Description of the medical procedures

The medical procedures under consideration are total hip arthroplasty or replacement and
knee arthroplasty for treatment of joint diseases such as osteoarthritis. This procedure aims to
remodel the articular surface of a musculoskeletal joint to an appropriate shape for artificial
joint implantation. Preoperative imaging such as CT scanning is used to plan the proper
shaping of the remodelled bone. An orthopaedic milling system is used to resurface the bone
based on the preoperative imaging data, and two types of system designs are considered
here. The first design, a pre-programmed bone resurfacing system, does not adjust to
charjges in the environment, e.g. unexpected movement of the PATIENT. During treatment, the
end-effector is controlled by the MEE without OPERATOR intervention based lon'|pre-
programmed parameters. In the second type of design, a bone resurfacing system-with hpptic
guidance, the MEE assists the OPERATOR by guiding and adjusting the motion onth& spe¢d of
the bone milling instrument attached at the end-effector. Optical or certain itypes of opject
tracing systems are utilised as vision input to identify and track the location'and movement
of thie bone during surgery. During treatment, the end-effector is controlled) by the OPERATOR
undgr haptic interactive guidance from the system. This haptic guidance gives the OPERAT|OR a
certgin type of force feedback with which the OPERATOR can sense yirfual walls or boundgries
of “spfe” regions or planned regions for remodelling. Additionally, the speed of the bone nill is
attenjuated or the milling blade is covered as the OPERATOR reaches “unsafe” regions so| that
the resurfacing can be performed only within the planned boundaries.

The [path or trajectory of the bone milling instrument js pre-programmed in the orthopgedic
surggery assist ROBOT with PE type AUTONOMY and the“safe” boundary or region informatipn is
pre-programmed in the SC type AUTONOMY ROBOT. However, the motion of the mjlling
instrbment during the operation is adaptively controlled or adjusted with particular DEGRHE OF
AUTQNOMY such as monitoring whether the instrument and the surgical object undeq the
operption are in planned trajectory or position, executing the reshaping TASK adjusting the
millipg instrument position, speed and/or fotce as needed to fulfil the operation plan, gu|ding
surgeon’s hand by the haptic feedback-or controlling the instrument movement by shlared
contfol manner with the surgeon according to the planned safe boundary, and etc.

MEE |or MES that automatically moves the bone milling instrument exactly following predefined
posilion trajectory and/or speed/force profile as the example of infusion pump with |pre-
progfammed drug injection 'speed/volume profile in D.3.4, if exists, can be considered by the
MANUFACTURER as a type of computer-controlled milling machine, and not a MEDICAL RPBOT
becquse it performs the operation with a low DEGREE OF AUTONOMY to fulfil the operation p|an.

D.3.2 DoA classification method

Two|exemplary systems, namely a pre-programmed bone resurfacing MEDICAL ROBOT syptem
and |a haptic guidance system, are considered. To classify the overall DOA of the MEE| the
desdriptive method presented in Annex C is used. The case of a pre-programmed bone
resuffacing system can be classified as level 3 — PE (Pre-programmed execution) in
Table C.1. The system performs the bone reshaping as pre-programmed or planned by the
surgeon. The surgeon can temporarily pause or abort the operation of the MEDICAL ROBOT in
the case of an unexpected event or emergency such as unexpected movement of PATIENT or
the MEE, unexpected interruption of the vision system, unintended damage to surrounding
tissue and resultant bleeding, etc. The haptic guidance system can be classified as level 4 —
SD (Shared decision) as per Table C.1. The guidance system GENERATES haptic feedback or
makes speed adjustments and provides repulsive force generation or speed attenuation.
However, the OPERATOR holds the bone milling end-effector and can override the guiding
reaction from the MEE as needed. Although the whole procedure execution is not shared by
the OPERATOR and the MEE, the MEE actively participates in the decision-making PROCESS to
determine the proper region of operation.
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D.3.3 Effect of DOA on the RISK MANAGEMENT PROCESS

Table D.4 describes the effect of DOA on the RISK MANAGEMENT PROCESS for the two bone
resurfacing MEE. The haptic guidance system increases the DOA over a pre-programmed
implementation due to the MEE performing the GENERATE OPTIONS TASK using real-time sensor
data for the MONITOR TASK, and assisting the OPERATOR in the EXECUTE TASK via haptic
feedback.

D.3.4 Summary and conclusions

Potential RISKS associated with the DOA in this type of MEE are mainly related to the surgical

obje¢tidemntificatiomandtrackimgprecision. T e pre-prograned EXeCution SyStenT works not
much differently as compared to conventional programmable electronic medical deyices as
long|as the resurfacing system and the PATIENT maintain the planned position and p6se diring
the gntire medical procedure. As in the case of a conventional drug infusion pump|that
perfoarms the programmed drug infusion without human intervention for the, progranimed
perigd with programmed speed value or pattern, the bone resurfacing MES‘performs bone
reshpping as planned. RISKS associated with an unexpected change of thé\PATIENT’s location
and |pose relative to the resurfacing system, or an unexpected interruption of the tragking
devige, and so on should be properly analysed and dealt with as part{of'the RISK MANAGEMENT
PROGESS. In the case of adding haptic guidance features to the~resurfacing system| the
incrgase in DOA provides precision and accuracy benefits as well‘as reduced RISK.
Table D.4 — Example 2 — Effect of DOA on the RISK MANAGEMENT PROCESS
Impact of increasing DOA it
Fynction/TASK HAZARDS Ad%ntnortu_al
Reduced RISK Increased RISK considerations
Bong resurfacing Incorrect re- Haptic guidance An increase in the
surfacing system improyves DOA puts more
. precision/aegdracy and reliance on the
Tissue damage. SAFETY in‘the tool software to achfeve
movement (ROBOT can acceptable RISK|.
suggest “correct” This can impac{ the
beundary — motion software SAFET
guide) classification ard
) ) associated
Haptic guidance activities shall e in
system involves the accordance with
OPERATOR in the IEC 62304
execution and reduces '
the RIsK of loss of
situation awareness.
AUTDMATIC tool Error in handling Improved Unexpected
movjng the tool in precision/accuracy and | interruption in the
movement. SAFETY in the tool MES operation could
movement cause critical
damage to PATIENT
(ROBOT can suggest (e.g. vision system
“correct” boundary — error. human
motion guide) interruption, loss of
control)
D.4 Example 3 — Instrument exchange on robotically-assisted surgical
equipment
D.4A1 Description of the medical procedures
This example considers a robotically-assisted surgical equipment (RASE) intended to

facilitate the accurate movement of surgical instruments in minimally invasive surgical
procedures. The equipment incorporates a tele-operative servomechanism, where the
surgeon controls the movements of surgical instruments using a master controller, while
viewing the surgical site through a stereo viewer. During a surgical procedure, the surgeon
will need periodically to exchange one instrument for another in order to perform various
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surgical TASKS; for example, scissors might need to replace a forceps in order to cut tissue.
This TASK is done by a surgical assistant at the PATIENT’S side and should be done quickly to
minimize interruptions to the flow during surgery to decrease operative time. Additionally, the
instrument should ideally be returned to approximately the same depth as the removed
instrument so that the surgeon can continue operating at the same location without spending
time repositioning the instrument. This example looks at adding a DOA to the specific TASK of
exchanging instruments for this type of RASE.

NOTE RASE referred to via various names such as surgical ROBOT, computer-assisted surgical system, etc. In
some jurisdictions, regulators may not recognize the definition of MEDICAL ROBOT or ROBOT as presented in this
document. In these situations, the MANUFACTURER might identify the MEE/MES using more commonly accepted terms
such as a RASE.

D.4.2 DoA classification method

In this example, the descriptive method is used to help understand the impact of DOA o the
RISK|MANAGEMENT PROCESS for the TASK of exchanging an instrument during-surgery.| The
OPERATORS in this example are the surgeon and the PATIENT-side assistant. The following
threg methods for positioning the instrument during an instrument exchange)are considered:

— Hull_ manual: The instrument is always under the full control\(of the OPERATOR|and
dvancement of the instrument is done under visual feedback/by the surgical assigtant
iewing the instrument(s) on a video display. Additionally, no haptic feedback is proyided
y the equipment. Using the descriptive classification scheme in Table C.1, the DOA df the
instrument exchange TASK example in this case is considered Full Manual (FM,|DOA
imdex = 1).

anual advance with assistance via “keep out” zones: In this implementation, the MEE is
ware of the position of the removed instrument and provides software-controlled hpptic
feedback to guide the OPERATOR to return thexnew instrument to the same position ag the
removed instrument. The OPERATOR still has-to manually advance the instrument, buf the
aptic feedback feels like a hard boundary whenever the trajectory differs from the
revious position of the removed instrument. Additionally, a software-controlled hardistop
also provided at the end of the_insertion depth to ensure that the instrument i§ not
ositioned any deeper than the removed instrument. This facilitates the OPERATQR in
uickly returning the instrument to the previous position and orientation. Using the
escriptive classification scheme in Table C.1, the DOA in this case is considered Shared
ecision where the MEE determines where to return the instrument and provides hpaptic
feedback to guide the OPERATOR but the OPERATOR ultimately has full control (SD,|DOA
index = 4).

utomated positioning by the MEE: In this implementation, the OPERATOR exchangeg the
instrument and then the MEE automatically returns the instrument to the same positign as
the removed tinstrument without any further OPERATOR intervention. This allowg for
xtremely quick exchanges without having to rely on the OPERATOR to advance the
instrumeft) ‘However, the MEE does not account for emergent situations such as tigsue
ovement, and the OPERATOR needs to MONITOR the EXECUTE TASK and stop it |f an
mergent situation occurs. Using the descriptive classification scheme in Table C.1] the
OAMN this case is considered Guided Decision where the OPERATOR has to initiate or
SELECT the action but the MEE fully EXECUTES it once initiated by the OPERATOR attaching
the instrument to the equipment (GD, DOA index = 7).

D.4.3 Effect of DOA on the RISK MANAGEMENT PROCESS

The primary HAZARD considered in this example is the inadvertent contact with tissue that can
result in damage. The SEVERITY can vary, depending on the type of tissue, the insertion force,
and the instrument tip configuration; for example, a puncture could result if a sharp instrument
is being inserted with sufficient force and is inserted beyond the previous depth. Table D.5
provides a comparative list of the DOA and description of OPERATOR and MEE involvement of
three implementations, and identifies potential considerations on RISK. Table D.6 describes
the impact of DOA on RISK, and recommends possible actions for mitigating RISK.
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Table D.5 — Example 3 — Comparison of instrument exchange design implementations

Implementation

Description

Considerations

Full
FM

DOA

manual

=1

OPERATOR controls insertion
movement based on visual

feedback

OPERATOR error unchecked

Potential high SEVERITY

Assist with haptic feedback (keep

OPERATOR controls insertion

DoA (haptic feedback) reduces RISK of

out zones) OPERATOR error
movement with software limit
SD on trajectory and insertion OPERATOR control of advances
depth reduces the RISK of tissue movement
DOA[== Or other problems
. DOA (AUTOMATIC positioning).reduckes
Autdmated positioning RISK of OPERATOR error
GD MEE returns to previous
location automatically OPERATOR intervention might be
poal= 7 required in case of tissue movement or
other problems
Table D.6 — Example 3 — Effect of DOA on the RISK MANAGEMENT PROCESS
Impact of increasing DOA P
Fyinction/TASK HAZARDS Ad%'t'mt'.a'
Reduced RISK Incredséd RISK considerationy
Automated Automated insertion An increase in the poA
(software) insertion ligrit or automated puts more reliance|on
limit reduces chance _§\insertion is incorrect the software to
of contact with tissué/| or incorrectly achieve acceptablg
due to OPERATOR implemented RISK. This could
error in positioning (overshoots expected | impact the softwarg
the instrument; insertion depth) SAFETY classificati¢n
Instjument Tissue damage and associated
exch ange on insertion Both automated OPERATOR loses activities in
insertion Iimit anq situational ‘ accordance with
automated insertion awareness during IEC 62304.
reduce operative automated insertion;
time and associated does not respond to
RISK. emergent situation
quickly (e.g. quick
tissue movement).
D.4.4 Summary and conclusions
In thHis examples.an increase in the DOA facilitates the accuracy and speed of instrument
exchianges, and-could reduce the RISK of tissue damage due to OPERATOR error. Ultimgtely,
the decision’on the DOA to be employed in the design will depend on several factors that are
spedific to the application. Additionally, full AUTOMATIC positioning can result in inattentivehess
or a| lass~of situational awareness of the OPERATOR, which could lead to increased RISK,
depp nding on the need for ||rgnnt action dllring instrument pyr‘hangnc IUSABILITY ENGINEHRING

in accordance with IEC 62366-1 shall help to inform the development team of the appropriate
USABILITY RISKS and trade-offs for design approach. Furthermore, an increase in DOA could
increase the reliance on the software implementing the haptic feedback for SAFETY, and the
software effort might need to be increased accordingly. IEC 62304 provides guidance on the
LIFE-CYCLE PROCESSES for software employed in medical devices.

D.5

D.5.1

Example 4 — Master—slave robotically-assisted surgical equipment

Description of the medical procedures

This example considers a master—slave robotically-assisted surgical equipment (RASE)
intended to facilitate the accurate movement of surgical instruments in minimally invasive
surgical procedures. The MEE incorporates a tele-operative servomechanism, where the
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surgeon (the OPERATOR) controls the movements of surgical instruments using a master
controller, while viewing the surgical site through a stereo viewer. In this example, various
levels of DOA are considered for one of the procedure steps, locating the target anatomy for
the MEE during laparoscopic surgery in order to remove or cut tissue. Table D.7 presents a
summary of the effect of DOA on the RISK MANAGEMENT PROCESS for this example.

D.5.2 DoA classification method

The DOA classification method used is the weighted method with each function having
equivalent weighting (0,25). The following scenarios are considered:

° sudl _Iaentricdation. UPERATOR 1dentiries the target anatomy using visual TeedDacCk
e stereo viewer. (DOA=0,25/M=1,G6=0,s=0, E =0);

rom

—

isual identification with image enhancement: OPERATOR identifies the targét -anajomy
sing visual feedback that includes image enhancement to help identify the anatpmy.
DOA =0,55/mM=1,6=0,6,s=0,3, E=0,3); and

UTOMATIC identification with segmentation: The MES identifies the tatget anatomy within
he field of view of the OPERATOR. (DOA=0,9/M=1,G6=1,8 =1, E=0)6.

— >~ <

The poA classification method used is the weighted method.

D.5.3 Effect of DOA on RISK MANAGEMENT PROCESS

Table D.7 — Example 4 — Effect of DOA on the RISK MANAGEMENT PROCESS

Impact of/increasing DOA it
FUnction/TAsk HAZARDS P 9 Additional
Reduced RISK Increased RISK considerations
Identtification of Incorrect location of | Image Enhancement and An increase in theg
target anatomy target anatomy enhancement segmentation can DOA puts more
resulting in improves result in false reliance on the
inadvertent tissue identification positive imaging software.
damage capability of the identification of This can impact the
OPERATOR target anatomy software SAFETY
. ) classification and
Segmentation Segmentation could | jqsqciated activities
might be able to result in the in accordance wit
identify features OPERATOR losing IEC 62304
not perceptible to situation awareness
human eyes
D.5.4 Summary-and conclusions

Incrgasing DOA facilitates identification of the target anatomy and in general reduces the|RISK
of inpdvertently cutting the wrong tissue during laparoscopic surgery. As DOA increases) the
reliahce, on the software implementing the image enhancement and segmentation need be
incrgased accordingly. |IEC 62304 provides guidance on the LIFE-CYCLE PROCESSEY for
software in medical devices. USABILITY ENGINEERING in accordance with IEC 62366-1 should
help inform the development team of the appropriate USABILITY RISKs and trade-offs in the
design approach. Additionally, full AUTOMATIC identification with segmentation could result in
inattentiveness or a loss of situational awareness of the OPERATOR, which could lead to
increased RISK depending on the OPERATOR’s reliance on the MEE to identify the target
anatomy. USABILITY ENGINEERING in accordance with IEC 62366-1 should help to inform the
development team of the appropriate USABILITY RISKs and trade-offs.

D.6 Example 5 - Image-guided radiotherapy equipment

D.6.1 Description of the medical procedures

Image-guided radiotherapy (IGRT) equipment is covered by IEC 60601-2-68 [31]. IGRT is the
PROCESS where an image is taken as part of the PATIENT treatment and is then used to adjust
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the PATIENT’S target position relative to the radiation source so that the radiation is delivered
in the PATIENT’s orientation GENERATED in the dose treatment plan.

The MES for the IGRT PROCESS consists of an external beam equipment (EBE) and a
connected and interacting IGRT equipment. The offline review workstation(s), which can be
remote from the treatment room, is not part of the MES. Treatment is the part after initiating
the treatment PROCESS with, e.g. a beam ON button. In this example, the effect of DOA on only
the RISK MANAGEMENT PROCESS for the IGRT equipment is discussed.

IGRT equipment is consisting out of an imaging device to acquire 2D or 3D imaging data from
the is i isiti i i ' i - able
installed, and independent and movable, or an integrated imaging device. After the/limage
acqUisition, the required corrections are calculated and then applied to the EBE.

In thlis example we consider explicitly the IGRT equipment, where the DOA is ,focused on the
actugl image registration and correction calculations. The specific equipment, j<€., EBE, which
finally EXECUTES the actual movement to apply the corrections, is outside of the IGRT
equipment boundary. In that sense the IGRT example can be considered:@anon-robotic one.

D.6.2 DoA classification method

Wheh examining the DOA in Table C.1 and Table C.2, as utilized for the image analysjis to
detefmine the PATIENT support vector shifts and the transfer of these shifts to the linear
acceferator, it was determined that different levels can be,;grouped into 3 classes based on
the PPERATOR’S ability to perform the MONITOR, GENERATE OPTIONS, SELECT an OPTION,| and
corregct the calculated shifts sent to the linear accelerator. The three groups are as followq:

— dffline IGRT is when the image for alignmeni:is' taken and the PATIENT is allowed to lpave
while the image is analysed and the shijfts: are determined. In most cases, the image
dnalysis takes place at another locatiom,»by another OPERATOR and is not bound tg the
MEE. In this case, there is ample time for the OPERATOR to check the calculations|that
;ight have been done by the software:

nline IGRT is when the image-for alignment is taken and the corrections are calculated
nd applied while the PATIENT remains in the treatment position on the MEE. In this gase,
the OPERATOR has a finite.amount of time to determine if the corrections being applied are
correct, and if not, to eitherabort the start of the procedure or determine new correctigns.

— real-time IGRT is when-images for alignment are taken throughout the treatment del|very
dnd the corrections.€alculated by the IGRT equipment are applied directly to the contiol of
the linear accelerator without OPERATOR intervention. At this level, the OPERATOR might or
might not be able’to determine if the calculations are correct within the required tolerapces
df time shifts ‘needed before application.

The |descripiive method gives a classification of increasing DOA in IGRT MEE as shown in
Tablg D.8.

The overlap of the DOA for the first two groups is due to the fact that in this situation, DOA by
itself is not the only factor leading to increased RISK, another important factor is the amount of
time the OPERATOR has to react to the information processed and applied.

When using the binary classification method, the four parts of the medical procedure, namely,
MONITOR, GENERATE, SELECT, and EXECUTE TASKS have to be assigned with the correct
meaning for the radiotherapy:

— MONITOR: Image registration, acquiring the image information;

— GENERATE: Calculation of the corrections to be applied based on the planning image
information and the acquired images;

— SELECT: The corrections calculated can be either reviewed by the OPERATOR and corrected
or approved, or the IGRT equipment just uses the GENERATED shift AUTONOMOUS; and
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— EXECUTE: Apply the correction by either changing the treatment plan or moving the
corresponding linear accelerator’s axes.

Table D.8 — Example 5 — Descriptive classification of DOA for IGRT MEE

Degree Mnemonic

1 Full Manual (FM)

2 Teleoperation (TO)

3 Preprogramed execution (PE) — —

4 Shared decision (SD) ?_g ?_.:3

5 Decision support (DS) § §

6 Blended decision (BD) % 8

7 Guided decision (GD)

8 AUTONOMOUS decision (AD) N

9 OPERATOR MONITORING (OM) 5
£

10 Full AUTONOMY (FA) %
[vd

The | binary method gives a classification of in¢reasing DOA in IGRT MEE as shown
in Tgble D.9.

Table D.9 - Example 5 — Binary.classification of DOA for IGRT MEE

Indgx EXECUTE SELECT GENERATE MONITOR Olglér_:_e ?g'é'.‘re Rela:;Ié][ne
0 OPERATOR OPERATOR OPERATOR OPERATOR X X
1 OPERATOR OPERATQR OPERATOR MEE X
2 OPERATOR OPERATOR MEE OPERATOR X
3 OPERATOR ORERATOR MEE MEE X
4 OPERATOR MEE OPERATOR OPERATOR X
5 OPERATOR MEE OPERATOR MEE X
6 OPERATOR MEE MEE OPERATOR X
7 OPERATOR MEE MEE MEE X
8 MEE OPERATOR OPERATOR OPERATOR X
9 MEE OPEFRATOR OPFRATOR MEE
10 MEE OPERATOR MEE OPERATOR
11 MEE OPERATOR MEE MEE
12 MEE MEE OPERATOR OPERATOR
13 MEE MEE OPERATOR MEE
14 MEE MEE MEE OPERATOR
15 MEE MEE MEE MEE X

For a better understanding and clear distinction between the three groups, Table D.9 is sorted
according to the column related to the "EXECUTE" TASK. Note that the index was kept at the
original binary order.
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D.6.3 RISK ANALYSIS for each level of DOA

Offline IGRT - the DOA for offline IGRT is ranging from 1 to 7 (descriptive method) or, 0 and 8
(binary method) respectively. In both DOA classification methods the highest DOAS are not

used

because the SELECT and the EXECUTE TASKS are under the control of the OPERATOR.

Online IGRT - the DOA for online IGRT is ranging from 1 to 7 (descriptive method) or, 0, 2, 4,
6, 8, 10, 12, 14 (binary method) respectively. In both DOA classification methods the highest
DOAS are not used because the SELECT and the EXECUTE TASKS are under the control of the
OPERATOR. The major difference between the offline and online procedures is the time

avail

able for the SELECT TASK.

Real

15 (binary method) respectively. Both DOA classification methods result in a high DOA. TH

main

It is
case

D.6.4

Basq

online IGRT and real-time IGRT use cases is most relevant here. AUTONOMY is mainly uti
nprove the radiation delivery accuracy by detecting<and compensating for the target

to in
moti

Tabl
type

D.6.

-time IGRT — the DOA for real-time IGRT is ranging from 8 to 10 (descriptive metho

ly because the SELECT and EXECUTE TASKS are solely controlled by the MEE.

of uncertainty it is recommended to assume that the higher DOA is appropriate.

L Effect of DOA on the RISK MANAGEMENT PROCESS

d on the above assessment, the effect of DOA in the RISK MANAGEMENT PROCESS fo

bns before or during the treatment.

e D.10 presents a summary of the effect of DOA™on the RISK MANAGEMENT PROCESS fo
of MEE.

b Summary and conclusions

Duri

radigtion targeting, allowing the reduction of the planned treatment volume’s margin fo
PATIENT’s benefit. Because the mitigation of the increased RISK is done through displg

up to the MANUFACTURER to decide whether to use the descriptive or~binary methods.

1) or
is is

r the
ised

this

g real-time IGRT treatments, a high DOA is utilised in order to achieve more accuyrate

 the
y of

images or position information,»to the OPERATOR, USABILITY becomes more importapt to

evalliate if the OPERATOR can handle the increased amount of information. Additionally, a
DOA |is increased, the potential for the OPERATOR to lose situation awareness needs t

ass
syst
proc

sed for the application. Presently, a DOA of full AUTONOMY is not allowed for t
ms by IEC 60601:2-1, as it is required that the OPERATOR can always INTERRUPT
edure at any time.

5 the
b be
hese

the
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Table D.10 — Example 5 — Effect of DOA on the RISK MANAGEMENT PROCESS

Function/TAsSK

HAZARDS

Impact of increasing DOA

Reduced RISK

Increased RISK

Additional
considerations

detecting the
target position
and movement,
inaccurately
predicting the
anticipated target
position and
motion,
inaccurately
calculating the
anticipated target
positions, and
limitations due to
the bounds of the
EBE not being
able to apply the
requested
changes, leading
to a wrong
IRRADIATION
position and
wrong treatment
of the PATIENT

treatment, because of
the AUTOMATIC
adjustments of the
treatment parameters
relating to the moving
target position are
applied instantaneously
and healthy tissue is
spared from being
IRRADIATED.

The treatment beam i§
turned off
instantaneously when
equipment limitations
are detected-and no
unwantediirradiation
occurs due-'to slow
reaction‘times of the
OPERATOR.

Online IGRT Error in correctly More accurate PATIENT Wrong PATIENT setup | Online IGRT
detecting the treatment setup position because the | improves the initial
target position, position due to a better | target position is setup positioning
and inaccurately detection of the target being miscalculated but does not take
calculating the position and a more by either wrong into account
anticipated target | accurate calculation of image registration or | PATIENT and target
positions leading the anticipated correction movements, after
to a wrong correction can be calculation and the the correction have
IRRADIATION achieved by using a OPERATOR falls to been applied, arfd
position and better image analysis detect it prior to the the treatment
wrong treatment algorithm and using all start of the started.
of the PATIENT available data for the treatment, lack of

image registration and situational
correction calculation. awareness

Real-time IGRT Error in correctly Better overall PATIENT The automated

adjustments of the
treatment
parameters are
delayed or wrong.

Collisions\between

the PATIENT and MEE

are more likely to
hadppen due to the
repeatedly applied
AUTOMATIC
adjustments of the
treatment
parameters.

OPERATOR loses
situational
awareness during
real-time IGRT
PROCESS and does
not respond quickly
to emergent
situation.

D.7

D.7.

Description of the medical procedures

Example 6 — Automated external defibrillator (AED)

An AUTOMATI(C)external defibrillator aims to normalise the rhythm of the heart by an elecjrical
puls¢ via-electrodes applied to the PATIENT’S skin. It is used in (emergency) treatment of| life-
thregtening cardiac dysrhythmias such as ventricular fibrillation and pulseless ventrigular
tachycardia. As an AED has no actuated mechanism, nor is moving within its environment, it

is not a MEDICAL ROBOT. It is included here as example, as it is an MEE with a high DOA for
several of its functions, in contrast with the classical manually operated defibrillators. As
defibrillators are typically used in emergency situations, they are usually operated and
available in crowded public spaces. As a defibrillator’s electric shock can be harmful for a
healthy functioning heart, the automated external defibrillator (AED) has been introduced
where the defibrillator’s actions, once it is activated by the OPERATOR, are automated to
analyse the ECG obtained from the electrodes placed on the PATIENT'S skin, identify
shockable cardiac rhythms and automatically operate the defibrillator when a shockable
rhythm is detected. While a manual defibrillator is intended to be used by a medical
professional, an AED is intended to allow the OPERATOR to be a lay person and to reduce the
RISK of using the device. The PROCESS of automating the defibrillation PROCESS is explored in

this example.
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D.7.2 DoA classification method

In situations where a defibrillator is used, the functions of the MONITOR, GENERATE, SELECT and
EXECUTE TASKS can be characterized as follows:

MONITOR: Detection of possible emergency situations (ventricular fibrillation);
Measurement of heart rhythm to detect potential ventricular fibrillation;
Detect correct moment to apply electrical pulse.

GENERATE: Electrical pulse of different intensity (energy in joules) or no pulse.

SELECT: Electrical pulse of selected intensity or no pulse.

- XECUTE: Bringing and connecting the defibrillator to the PATIENT (done as step 1; i.e.
done in the MONITORING TASK); Connecting the electrodes to the PATIENT’s
skin; and Providing the electrical pulse of selected intensity “at| the
appropriate moment.

The |descriptive method presented in Table D.11 is used to introduce DOA into the AED. In
Tablg D.11, the information needed to classify the AED is provided.

The pperation of the AED, according to the descriptive method, can be classified as having a
DOA F 9, OPERATOR performing the MONITOR TASK (OM): The MEE GENERATES OPTIONS, SELECTS
the QPTION to implement and EXECUTES the chosen OPTION. The ,ORERATOR monitors the| MEE
and fntervenes if necessary. Intervention places the human in-the' role of making a diff¢rent
OPTIDN selection. During the procedure there might be decision-making points that wijl be
decigled by the MEE.

Table D.11 — Example 6 — Descriptivesmethod classification
of DOA in external defibrillators

Function Description In manual AED In AED DoA for AED
MONITOR a. Detection of possible a. OPERATOR a. OPERATOR Shared, but MEE
emergency situations on CLINICAL
- FUNCTION (b pnd
b. Measurement of heart b OPERATOR with b. MEE c)
rhythm to detect potential possible MEE
heart fibrillation situations support
c. Detection of correct C. OPERATOR c. MEE
moment to apply electrical
pulse
GENERATE Electrical pulse of specific OPERATOR with MEE, with limited MEE
intensities' at specific limited preselected preselected
moments or no pulse OPTIONS OPTIONS 2
SELECT Electrical pulse of selected OPERATOR MEE MEE

intensity at selected
moment or no pulse

EXECUTE a. Bringing the defibrillator a. OPERATOR a. OPERATOR Shared, but NEE
to the PATIENT and turning it on CLINICAL
on FUNCTION (c
b. Placement of the b. OPERATOR b. OPERATOR, with
defibrillator probes guidance of MEE

(electrodes) on the
PATIENT’S skin

c. Application of the C. OPERATOR c. MEE
selected pulse (CLINICAL
FUNCTION)

8 As the OPTIONS were preselected by the MANUFACTURER, the defibrillator can also be classified as
AUTOMATIC, but as the functioning of the AED is not necessarily fully understood by its OPERATOR, it is
preferable to speak of the device’s DOA.

Sometimes the MEE indicates the correct moment for applying the pulse but the OPERATOR needs to allow the
shock to be applied by keeping a button pushed, meaning that the OPERATOR can always SELECT the ‘no
pulse’ OPTION.
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D.7.3 Effect of DOA on the RISK MANAGEMENT PROCESS

Table D.12 describes the effect of DOA on the RISK MANAGEMENT PROCESS for the AED.

Table D.12 — Example 6 — Effect of DOA on the RISK MANAGEMENT PROCESS

Impact of increasing DOA it
Function/TAsK HAZARDS P 9 Ad.dmon.al
Reduced RISK Increased RISK considerations
Applying the Death or No impact. No impact This depends on
electrical pulse of impairment of actions (mainly placing
selected intensity the PATIENT electrodes correctly)
at s¢lected because MEE that are performed |by
monpent cannot realize OPERATOR or genefal
the electrical MEE malfunction fo
pulse both low and, high poA
(INTENDED USE implementation of YEE
fails)
Death or When device is With skilled
impairment of correctly installed, OPERATORS, they
the PATIENT higher DOA leads to might, in some casesf
because MEE fewer incorrectly have a better
provides a applied electrical judgment than the
pulse when not | pulses, especially in AED
required the case of lay
OPERATORS
OPERATOR No impact No impact This depends on
receives an actions (placing
electrical electrodes) that are
shock performed by the
OPERATOR for both Jow
and high DOA
implementation of YEE
Death or DOA GENERATES and With a skilled
impairment of SELECTS hetter OPERATOR, he/she
the PATIENT OPTIONS.than a lay might, in some cases,
because OPERATOR have a better
selected judgment than the
OPTION AED
(electrical
pulse) is not
adequate
D.7.4 Summary,and conclusions
As an AED is intended to be used by a lay OPERATOR, increasing its DOA can reduce seyeral
SAFHETY RISKS-associated with its use. Automating these functions and allowing a lay pers¢n to
use [the deviee requires that the AED instruct the OPERATOR adequately during opergtion.
Thede instructions facilitate the situation awareness of the OPERATOR with respegt to
performing the necessary TASKS, and reduce the need to be familiar with device operation
detalls—Autemating—aspects—of the MONITOR—GENERATE—SELECTand—EXESUFE—TFASKSHor a

skilled OPERATOR could lead to less or no reduction of associated RISKS.
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Annex E
(informative)

PATIENT SAFETY characteristics to be taken into account
during RISK MANAGEMENT for MEE or MES employing DOA

E.1 Types of PATIENTS

The RISK MANAGEMENT PROCESS for MEE or MES employing DOA can be part of an organization’s
qualfty management system. The Integration should ensure that information about RI$K is
used as a basis for decision making at all levels of the organization regarding MEE)OF [MES.
Integration does not simply involve introducing established and standardized |RISK
MANAGEMENT tools and PROCESSES into existing quality management systems. It require$ the
adaptation and alteration of those tools and PROCESSES to suit the needs of the decjsion
makers and their existing PROCESSES for decision making. A key part of the,RISK MANAGEMENT
PROCESS is to consider the SAFETY characteristics of the PATIENT to ensurfg)\BASIC SAFETY and
ESSEHNTIAL PERFORMANCE of MEE or MES when DOA is introduced, as MEECOMES employing DOA
can have algorithms to identify types of PATIENTS and their SAFETY characteristics.

Types of PATIENTS are normally categorized as follows:

1) Rremature baby/preborn baby (Preterm birth)
2) Neonate baby/newborn baby (from birth to 1 month of age)

3) Ipfant (greater than 1 month to 2 years of age)

4) (hild (greater than 2 to 12 years of age)

5) Adolescent (greater than 12 to 21 years of-age)
6) Adult (greater than 21 to 65 years of age)

7) Geriatric/Elderly (greater than 65 years of age)

NOTH 1 Pediatric subgroups includes: Negnate baby (2), Infant (3), Child (4) and Adolescent (5) groups aboye.

NOTH 2 The gender of the PATIENT.can\be an important part of PATIENT characteristics.

NOTH 3 The type of PATIENT years as indicated above are for reference only; there is no international consgnsus
on thg age grouping per type Of\PATIENT.

Higher RISK levels are found at the extremities of the different types of PATIENTS. For PATIENT
types$ 1, 2, 3, 4.and 7, there are commonly higher RISK levels since the RISK CONTROL megsure
of training/OPERATOR manual and labelling typically cannot be used as RISK control. These
PATIENT types’/cannot read instructions and have limited capabilities to avoid HAZARDS; for
morg information see ISO TR 22411 [52].

E.2 Additional attention for child (PATIENT) SAFETY

Child SAFETY should be a major concern for society, because childhood and adolescent
injuries are a major cause of death and disability in many countries. Children are born into an
adult world, without experience or appreciation of RISK but with a natural desire to explore.
Consequently, the potential for injury is particularly great during childhood. Since supervision
to the degree that always prevents or controls potentially harmful interactions is neither
possible nor practical, additional injury prevention strategies are necessary.

Intervention strategies aimed at protecting children should recognize that children are not little
adults. Children's susceptibility to injury and the nature of their injuries differ from those of
adults. Such intervention strategies should also recognize the fundamental concept that
children do not MISUSE products or surroundings. Rather, children interact with them in ways
that reflect normal child behaviour, which will vary according to the child's age and level of
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