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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 4-1: Guidance and interpretation —
Medical electrical equipment and medical
electrical systems employing a degree of autonomy

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co. ~orising
all national electrotechnical committees (IEC National Committees). The object of IEC is 2 p umote
international co-operation on all questions concerning standardization in the electrical and elecu >nic iclds. To
this end and in addition to other activities, IEC publishes International Standards, Technical Sg xcifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter re erred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nation&a’ Co.1mittee interested
in the subject dealt with may participate in this preparatory work. International,  ~overi..nental and non-
governmental organizations liaising with the IEC also participate in this preparaticn. IE™ col'aborates closely
with the International Organization for Standardization (ISO) in accordance with (aniitions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for internaticnal use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made 2 er sure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for Ye way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natioi al Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their i 2ticnal and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of ¢2:i.f<.-mity. Independent certification bodies provide conformity
assessment services and, in some areas, acu>s: to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certif'cat on bodies.

6) All users should ensure that they have ‘he .~t<st edition of this publication.

7) No liability shall attach to IEC or its direciors, employees, servants or agents including individual experts and
members of its technical committec> 2nd IEC National Committees for any personal injury, property damage or
other damage of any nature’ whkatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the ub! cation, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the No.mative references cited in this publication. Use of the referenced publications is
indispensable for the ~orre ct application of this publication.

9) Attention is dr2wn to tho possibility that some of the elements of this IEC Publication may be the subject of
patent rights 'IEC shall not be held responsible for identifying any or all such patent rights.

The main tac' of IEC technical committees is to prepare International Standards. However, a
technicc| committee may propose the publication of a technical report when it has collected
deta“cf a different kind from that which is normally published as an International Standard, for
~xaiole “state of the art".

I-C 60601-4-1, which is a technical report, has been prepared by a Joint Working Group of
I[EC 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.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62A/1099/DTR 62A/1129A/RVDTR
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Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

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

In this technical report, the following print types are used:

— recommendations and definitions: roman type.

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

— TERMS DEFINED IN CLAUSE 3 OF THIS TECHNICAL REPORT OR AS NOTED: SMALL CAPITALS.

A list of all parts of the IEC 60601 series, published under the general title Med:.al e'~Ctrical
equipment, can be found on the IEC website.

The committee has decided that the contents of this document will remain uncii.nged until the
stability date indicated on the IEC website under "http://webstore.iec.ck” in \ne cata related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issu¢ d at a later date.

IMPORTANT - The 'colour inside' ‘cy0 < n the cover page of this publication indicates
that it contains colours whic.> ale considered to be useful for the correct
understanding of its contents. 'Isers should therefore print this document using a
colour 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 Wo.king
Group with IEC/SC 62A to develop general requirements and guidance related to the LAFETY
of MEDICAL ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS that utilize roLnatic
technology. The work would include medical applications (including aids for ‘he disc bled)
covering invasive and non-invasive procedures such as surgery, rehabilitation Jrierapy,
imaging and other ROBOTS for medical diagnosis and treatment. The proposa! was <pproved,
resulting in the formation of Joint Working Group (JWG) 9 (Medical electrical equipment and
systems using robotic technology) and the first meeting was held in Las /Fi=jeles in June
2011.

JWG 9 examined the definition of a ROBOT from ISO 8373:2012 (wh.~h v as later modified to a
‘programmed actuated mechanism with a DEGREE OF AUTONOMY (uOA), moving within its
environment, to perform intended TASKS”) and AUTONOMY (th=2 “ability to perform intended
TASKS based on current state and sensing, without human_iter :ention”). It was recognized by
JWG 9 that these definitions could need further rcfinemert to establish the appropriate
boundaries for future standardisation work. AUTONC 1Y ¢na UEGREE OF AUTONOMY (DOA) were
felt to be key ingredients in distinguishing a “MEDICA" RUBOT” from other types of MEDICAL
ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SY3TENS.

However, JWG 9 came to realize that ther> are currently standardized MEDICAL ELECTRICAL
EQUIPMENT and MEDICAL ELECTRICAL SYSTE 'S “hat 2xhibit a DOA. Therefore, DOA by itself is not
a unique characteristic of a MEDICAL RObQT. This can be stated more clearly as follows:

— not all MEDICAL ELECTRICAL EQUIPL'=N7 and MEDICAL ELECTRICAL SYSTEMS that exhibit a DOA
are MEDICAL ROBOTS; but

— all MEDICAL ROBOTS exhibif a nCA.

Hence a MEDICAL ROBGT tv2n’ be a MEDICAL ELECTRICAL EQUIPMENT or part of a MEDICAL
ELECTRICAL SYSTEM, but rint all MEDICAL ELECTRICAL EQUIPMENT are MEDICAL ROBOTS.

NOTE The majority of ex. ting MEDICAL ELECTRICAL EQUIPMENT are not considered as MEDICAL ROBOTS.

The MANUFACTURLR states clearly the type of MEDICAL ELECTRICAL EQUIPMENT and MEDICAL
ELECTRICAL 3YSTEM through the INTENDED USE of their product. For this INTENDED USE, a
definiticn of m:2DICAL ROBOT would be helpful to have a common understanding if this MEDICAL
ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEM can be tagged as a MEDICAL ROBOT
equnme..t or MEDICAL ROBOT system. The definition of MEDICAL ROBOT is therefore helpful to
& stinguis!y if the MEDICAL ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEM is a MEDICAL
Q0L =T and the INTENDED USE as indicated by the MANUFACTURER. This distinction is clarified in
Ai.nex 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 ISO 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)
function.

In order to progress the work of JWG 9, it was agreed to focus on the IEC 60601-1 stadad
family and see how specific clauses could be extended to cover the additional DOA issues 0 a
possible new Technical Report once fully developed. JWG 9 looked at exicting MEDICAL
ELECTRICAL EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS that had characteristics of a ROBOT
based on the definition, and investigated the suitability of the existing standards tc address
the HAZARDS associated with their use. As a result of this investigation, it was acknowledged
that IEC 60601 (all parts), 1SO 14971, IEC 62366-1 and |IEC 62304 «rovic=2 appropriate
general requirements and guidance on how to address the HAZARCR®; h>we)er, emerging
functionality associated with increased DOA on MEDICAL ELECTRICAI-=QU 2VENT and MEDICAL
ELECTRICAL SYSTEMS, whether a ROBOT or not, could result in situction; where BASIC SAFETY
and ESSENTIAL PERFORMANCE are considered again by the MANUFACTUr =R.

Current MEDICAL ELECTRICAL EQUIPMENT standards do not-{ully address higher DOA modes of
operation, and this document is intended to provide guidc nce for MANUFACTURERS and others
in this field on how DOA could be introduced into MEQICA' ELECTRICAL EQUIPMENT and MEDICAL
ELECTRICAL SYSTEMS. Incorporation of higher levals of AUTONOMY in MEDICAL ELECTRICAL
EQUIPMENT and MEDICAL ELECTRICAL SYSTEMS is st!l new and rapidly evolving, and at the time
of writing this document does not lend itself to gene.ai standardization.

The importance of understanding DOA c.n. 0e iillustrated by examining its effects in other
industries. The airline industry is one =;ample in which increasing DOA has often been
implemented as a RISK CONTROL m:asure. However, there are numerous examples in the
airline industry in which increasec.DC* v.as found to have been a major contributor to a fatal
accident [70].2 To avoid similar mistakes in the field of MEDICAL ELECTRICAL EQUIPMENT and
MEDICAL ELECTRICAL SYSTEMS, ™MsNUFACTURERS learn from these other fields and not only
characterize DOA but also vnd:rstand its potential for unintentionally increasing RISK.

It is important to poin* oL* that this IEC document is an informative document as are all IEC
Technical Reports { SO.'EC Guide 2 [61]). The concept and approach stated in the STATE OF
THE ART are not inten=d to be addressed through this informative document. This document
is not used as'a normative requirement as per the claimed STATE OF THE ART by any country or
community. Tiis aocument is an informative document, which is intended to provide existing
and future acsigners of MEDICAL ELECTRICAL EQUIPMENT or MEDICAL ELECTRICAL SYSTEMS some
guidanc= and direction concerning the adoption of DOA. This document is not applicable as a
bzsefar a testing procedure or writing a test protocol template.

2 Numbers in square brackets refer to the bibliography.
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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

1 Scope

This Part of IEC 60601 is intended to help a MANUFACTURER through the key decisions and
steps to be taken to perform a detailed RISK MANAGEMENT and USABILITY ENGINEERING
PROCESSES for MEDICAL ELECTRICAL EQUIPMENT or a MEDICAL ELECTRICAL SYSTEM, hereafter
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 also
provides guidance on:

— methodologies to perform the RISK MANAGEMENT PROCESS and USABILITY ENGINEERING for an
MEE or MES with a DOA;

— considerations of BASIC SAFETY and ESSENTIAL PERFORMANCE for an MEE and MES with a
DOA; and

— identifying the use of DOA, and similar concepts in existing ISO/IEC standards dealing with
MEE or MES with the goal to facilitate alignment of standards by consistent use of the
concept of DOA; and

— distinguishing between MEDICAL ROBOTS, and other MEE and MES.

Unless specified otherwise, this document considers MEE and MES together.

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

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

There are no prerequisites to this document.

2 Normative references

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.



