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Foreword

The text of document 62D/963/FDIS, future edition 2 of JEC 60601-2-47, prepared by SC 62D
"Electromedical equipment”, of IEC/TC 62 "Electrical equipment in medical practice” was submitted to
the IEC-CENELEC parallel vote and approved by CENELEC as EN 60601-2-47:2015.

The following dates are fixed:
¢ latest date by which the document has to be implemented at (dop) 2016-01-14
national level by publication of an identical national

standard or by endorsement

e latest date by which the national standards conflicting with (dow)  2018-04-14
the document have to be withdrawn

This document supersedes EN 60601-2-47:2001.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association, and supports essential requirements of EU Directive(s).

For the relationship with EU Directive 93/42/EEC, see informative Annex ZZ, which is an integral part
of this document.

Endorsement notice

The text of the International Standard IEC 60601-2-47:2012 was approved by CENELEC as a
European Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

EC 60601-2-25 NOTE Harmonized as EN 60601-2-25.
EC 60601-2-2 NOTE Harmonized as EN 60601-2-27].
2 Documents
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Annex ZA of EN 60601-1:2006 applies, except as follows:

Publication Year Title EN/HD Year
In Annex ZA of EN 60601-1:2006 replace JEC 60601-1-2 by:

EC 60601-1-2 (mod) 2007 Medical electrical equipment - N 60601-1-2 2007

Part 1-2: General requirements for basic .
) safety and essential performance - * corrigendum Mar. 2010

Collateral standard: Electromagnetic
compatibility - Requirements and tests
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Annex ZZ
(informative)

Coverage of Essential Requirements of EU Directives

This European Standard has been prepared under a mandate given to CENELEC by the European
Commission and the European Free Trade Association, and within its scope the Standard covers all
relevant essential requirements given in Annex | of EU Directive 93/42/EEC of 14 June 1993
concerning medical devices.

Compliance with this standard provides one means of conformity with the specified essential
requirements of the Directive concerned.

WARNING: Other requirements and other EU Directives can be applied to the products falling within
the scope of this standard.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-47: Particular requirements for the basic safety and essential
performance of ambulatory electrocardiographic systems

FOREWORD

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

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

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

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

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

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

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

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

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

International standard JEC 60601-2-471 has been prepared by subcommittee 62D:
Electromedical equipment, of IEC technical committee 62: Electrical equipment in medical
practice.

This second edition cancels and replaces the first edition published in 2001. It constitutes a
technical revision. This edition was revised to align structurally with the 2005 edition of
IEC 60601-1.

The text of this particular standard is based on the following documents:

FDIS Report on voting
62D/963/FDIS 62D/980/RVD

Full information on the voting for the approval of this particular standard can be fﬁnd in the
report on voting indicated in the above table. ocuments
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this standard, the following print types are used:

— Requirements and definitions: roman type.
— Test specifications: 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 THE GENERAL STANDARD, IN THIS PARTICULAR STANDARD OR AS
NOTED: SMALL CAPITALS.

In referring to the structure of this standard, the term
“clause” means one of the seventeen numbered divisions within the table of contents,
inclusive of all subdivisions (e.g. Clause 7 includes subclauses 7.1, 7.2, etc.);

— “subclause” means a numbered subdivision of a clause (e.g. 7.1, 7.2 and 7.2.1 are all
subclauses of Clause 7).

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

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

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

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

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

— “may” is used to describe a permissible way to achieve compliance with a requirement or
test.

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title
indicates that there is guidance or rationale related to that item in Annex AA.

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

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

* reconfirmed,

¢« withdrawn,

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

This particular standard concerns the basic safety and essential performance of AMBULATORY
ELECTROCARDIOGRAPHIC SYSTEMS. It amends and supplements IEC 60601-1 (third edition
2005): Medical electrical equipment — Part 1: General requirements for basic safety and
essential performance, hereinafter referred to as the general standard. The requirements of
this particular standard take priority over those of the general standard.

A “General guidance and rationale” for the requirements of this particular standard is included
in Annex AA.

It is considered that a knowledge of the reasons for these requirements will not only facilitate
the proper application of the standard but will, in due course, expedite any revision
necessitated by changes in clinical practice or as a result of developments in technology.
However, this annex does not form part of the requirements of this standard.

Documents
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-47: Particular requirements for the basic safety and essential
performance of ambulatory electrocardiographic systems

2011 Scope, object and related standards

Clause 1 of the general standard! applies, except as follows:

201.1.1 Scope

Replacement:

This International Standard applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of
AMBULATORY ELECTROCARDIOGRAPHIC SYSTEMS, hereafter referred to as ME SYSTEMS

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

HAzARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS
within the scope of this standard are not covered by specific requirements in this standard
exceptin 7.2.13 and 8.4.1 of the general standard.

NOTE See also 4.2 of the general standard.
Within the scope of this standard are systems of the following types:

a) systems that provide continuous recording and continuous analysis of the ECG allowing full
re-analysis giving essentially similar results. The systems may first record and store the
ECG and analyse it later on a separate unit, or record and analyse the ECG simultaneously.
The type of storage media used is irrelevant with regard to this standard;

b) systems that provide continuous analysis and only partial or limited recording not allowing
a full re-analysis of the ECG.

The safety aspects of this standard apply to all types of systems falling in one of the above-
mentioned categories.

If the AMBULATORY ELECTROCARDIOGRAPHIC SYSTEM offers automatic ECG analysis, minimal
performance requirements for measurement and analysis functions apply. MEDICAL ELECTRICAL
EQUIPMENT covered by JEC 60601-2-25 and JEC 60601-2-27 are excluded from the scope of
this standard.

This standard does not apply to systems that do not continuously record and analyse the ECG
(for example, ‘intermittent event recorders’).

201.1.2 Object

Replacement:

T The | standard is |EC 60601-1:2009, Medical electrical ] t— Part 1: G / i
general standard is : , Medical electrical equipmen art 1: Genera recﬁsn&rﬁ'[ﬁents

basic safety and essential performance.
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The object of this particular standard is to establish particular BASIC SAFETY and ESSENTIAL
PERFORMANCE requirements for AMBULATORY ELECTROCARDIOGRAPHIC SYSTEMS.

201.1.3 Collateral Standards

Addition:

This particular standard refers to those applicable collateral standards that are listed in
Clause 2 of the general standard and Clause 201.2 of this particular standard.

EC 60601-1-d applies as modified in Clause 202. JEC 60601-1-3, [EC 60601-1-8 and
EC 60601-1-10 do not apply. All other published collateral standards in the IEC 60601-1

series apply as published.

201.1.4 Particular standards

Replacement:

In the IEC 60601 series, particular standards may modify, replace or delete requirements
contained in the general standard and collateral standards as appropriate for the particular
ME EQUIPMENT under consideration, and may add other BASIC SAFETY and ESSENTIAL
PERFORMANCE requirements.

A requirement of a particular standard takes priority over the general standard.

For brevity, IEC 60601-1 is referred to in this particular standard as the general standard.
Collateral standards are referred to by their document number.

The numbering of clauses and subclauses of this particular standard corresponds to that of
the general standard with the prefix “201” (e.g. 201.1 in this standard addresses the content
of Clause 1 of the general standard) or applicable collateral standard with the prefix “20x”
where x is the final digit(s) of the collateral standard document number (e.g. 202.4 in this
particular standard addresses the content of Clause 4 of the collateral
standard, 203.4 in this particular standard addresses the content of Clause 4 of the

EC 60601-1-3 collateral standard, etc.). The changes to the text of the general standard are
specified by the use of the following words:

"Replacement” means that the clause or subclause of the general standard or applicable
collateral standard is replaced completely by the text of this particular standard.

"Addition" means that the text of this particular standard is additional to the requirements of
the general standard or applicable collateral standard.

"Amendment" means that the clause or subclause of the general standard or applicable
collateral standard is amended as indicated by the text of this particular standard.

Subclauses, figures or tables which are additional to those of the general standard are
numbered starting from 201.101. However, due to the fact that definitions in the general
standard are numbered 3.1 through 3.139, additional definitions in this standard are
numbered beginning from 201.3.201. Additional annexes are lettered AA, BB, etc., and
additional items aa), bb), etc.

Subclauses, figures or tables which are additional to those of a collateral standard are

numbered starting from 20x, where “x” is the number of the collateral standard, e.g. 202 for

EC 60601-1-3, 203 for [EC 60601-1-3, etc.

The term "this standard" is used to make reference to the general standard, an i
collateral standards and this particular standard taken together. yﬂﬁ’&ﬁﬁ‘ients
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Where there is no corresponding clause or subclause in this particular standard, the clause or
subclause of the general standard or applicable collateral standard, although possibly not
relevant, applies without modification; where it is intended that any part of the general
standard or applicable collateral standard, although possibly relevant, is not to be applied, a
statement to that effect is given in this particular standard.

201.2 Normative references
Clause 2 of the general standard applies, except as follows:
Amendment:

IEC 60601-1-2:2007, Medical electrical equipment — Part 1-2: General requirements for basic
safety and essential performance — Collateral standard: Electromagnetic compatibility —
Requirements and tests.

201.3 Terms and definitions

For the purposes of this document, the terms and definitions given in JEC 60601-1:20085,
apply, except as follows:

NOTE An index of defined terms is found beginning on page 64.

Additional definitions:

201.3.201

AF

ATRIAL FIBRILLATION

ATRIAL FLUTTER

ECG rhythm involving either no P-waves and irregular RR intervals (atrial fibrillation) or high
frequency flutter waves and regular or irregular RR intervals (atrial flutter)

201.3.202

AMBULATORY ELECTROCARDIOGRAPHIC SYSTEM

ME SYSTEM, AMBULATORY RECORDER and a PLAYBACK EQUIPMENT, both of which may contain an
analysis function

Note 1 to entry: This ME SYSTEM is often referred to as Holter monitoring system after its inventor
Dr. Norman Holter.

201.3.203

AMBULATORY RECORDER

recording ME EQUIPMENT worn or carried by the PATIENT including associated ELECTRODES and
cables for recording heart action potentials

Note 1 to entry: An AMBULATORY RECORDER may also analyse the heart action potentials. It may record selectively
when significant events are detected, or continuously.

201.3.204
CONTINUOUS RECORDER
ME EQUIPMENT, which performs continuous recording of the ECG

201.3.205

DATABASE

DB

sampled ECGs or artificial signals of one or more channels together with descriptive (clinical)
information
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201.3.206

ELECTROCARDIOGRAM

ECG

graphical presentation of one or more LEADs over time

201.3.207
ELECTRODE
sensor in contact with a specific part of the body that is used to detect electrical activity

201.3.208

GAIN

ratio of the amplitude of the output signal (usually on the PLAYBACK EQUIPMENT) to the
amplitude of the AMBULATORY RECORDER input signal

Note 1 to entry: GAIN is expressed in mm/mV.

201.3.209

HEART RATE VARIABILITY

HRV

statistical results calculated from consecutive RR intervals

201.3.210
LEAD
voltage between ELECTRODES

201.3.211
LEAD WIRE(S)
cable(s) connected between ELECTRODES and either a PATIENT CABLE or the ME EQUIPMENT

201.3.212

NEUTRAL ELECTRODE

reference point for differential amplifiers and/or interference suppression circuits, not intended
to be used to calculate any LEAD

201.3.213

PATIENT CABLE

multiwire cable and associated connector(s) used to connect the LEAD WIRE(S) to the
AMBULATORY RECORDER

201.3.214
PAUSE
absence of a heart action potential for a prolonged time interval

201.3.215

PLAYBACK EQUIPMENT

equipment with monitoring and documenting functions into which ECG and measurements
derived from the AMBULATORY RECORDER are fed

Note 1 to entry: This ME EQUIPMENT is usually stationary and commonly includes computing facilities.

201.3.216

QRS COMPLEX

QRS

the waveform presented in an ECG during ventricular depolarization

201.3.217

ROOT-MEAN SQUARED

RMS

root of the average of the squares of the original values Documents
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201.3.218
RR INTERVAL VARIABILITY
RRV

statistical results calculated from consecutive RR intervals

201.3.219
SHUTDOWN

period of time when detection/classification function are not performed

201.3.220
ST SEGMENT

- 11 -

segment of the ECG between the end of the QRS complex and the start of the T-wave

201.3.221

SUPRAVENTRICULAR ECTOPIC BEAT

SVEB

a premature or an escape (late) beat with a shape similar to that of normal beats

201.3.222

SUPRAVENTRICULAR TACHYCARDIA

SVTA

sustained or not sustained chain of consecutive supraventricular ectopic beats

201.3.223

VENTRICULAR ECTOPIC BEAT

VEB

a premature or an escape (late) beat with a wider shape than that of normal beats

201.3.224
VF

VENTRICULAR FIBRILLATION or VENTRICULAR FLUTTER

life-threatening ECG rhythm irregular in shape and frequency

201.4 General requirements

Clause 4 of the general standard applies, except as follows:

201.4.3 [ESSENTIAL PERFORMANCE

Addition:

201.4.101 Additional ESSENTIAL PERFORMANCE requirements

Additional ESSENTIAL PERFORMANCE requirements are found in the subclauses listed in Table

201.101.

Table 201.101 — Distributed additional ESSENTIAL PERFORMANCE requirements

Requirement Subclause
Heart rate 201.12.1.101.3.1
Supraventricular ectopy 201.12.1.101.3.2
Ventricular ectopy 201.12.1.101.3.3
Bradycardia data 201.12.1.101.3.4
PAUSES 201.12.1.101.3.5
ST SEGMENT shifts 201.12.1.101.3.6
EcG hard copy 201.12.1.101.3.7
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201.5 General requirements for testing of ME EQUIPMENT
Clause 5 of the general standard applies, except as follows:

201.5.3 Ambient temperature, humidity, atmospheric pressure
Addition to item a):

The AMBULATORY RECORDER shall fulfil the requirements of this standard under the
following ambient conditions:

— an ambient temperature range of 10 °C to 45 °C;
— arelative humidity of 10 % to 95 %, without condensation.

201.6 Classification of ME EQUIPMENT and ME SYSTEMS
Clause 6 of the general standard applies, except as follows:

201.6.2 Protection against electrical shock

Replacement:

Applied parts shall be classified as TYPE BF APPLIED PARTS or TYPE CF APPLIED PARTS (see
7.2.10 and 8.3).

201.6.6 Mode of operation

Replacement:

ME EQUIPMENT shall be classified for CONTINUOUS OPERATION.

201.7 ME EQUIPMENT identification, marking and documents
Clause 7 of the general standard applies, except as follows:

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

Additional subclause:

201.7.2.101 LEAD WIRE identification

The LEAD WIRE(S) shall be permanently marked in such a manner that the proper LEAD WIRE
can be directly determined at both the ELECTRODE attachment ends, and so constructed or
marked as to avoid incorrect connection to the ME EQUIPMENT.

If independent bipolar LEADs are being used, the channel assignment shall be clearly
annotated on the ME EQUIPMENT for reference. Also, the LEAD WIRE(S) shall be colour coded
according to one of the colour coding schemes of Table 201.102
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Table 201.102 — LEAD WIRE colour codes

ELECTRODE Code 1° Code 2°
Channel 1 Positive ELECTRODE green red
Negative ELECTRODE red white
Channel 2 Positive ELECTRODE white brown
Negative ELECTRODE yellow black
Channel 3 Positive ELECTRODE orange orange
Negative ELECTRODE blue blue
NEUTRAL ELECTRODE black green
a Code 1 shall be used in Europe and internationally.
b Code 2 shall be used in North America — see AHA guidelines of 1985.

201.7.9.2 Instructions for use

Additional subclause:

201.7.9.2.101 *Additional instructions for use
a) Advice shall be given on the following:
1)  the type of electrical installation to which the ME EQUIPMENT may be safely connected,

including the connection to any POTENTIAL EQUALIZATION CONDUCTOR,;

2)  that conductive parts of ELECTRODES and associated connectors for TYPE BF APPLIED
PARTS or TYPE CF APPLIED PARTS, including the NEUTRAL ELECTRODE, should not
contact other conductive parts including earth;

b) Clear instructions shall be provided if a specific type of battery or battery charging
procedure has to be used in order to fulfil the requirements of this particular standard.

c) Clear instructions shall be provided for any use of the AMBULATORY RECORDER in wet
environments.

d) The ME EQUIPMENT labelling shall clearly indicate whether or not its use is intended for
infants weighing less than 10 kg.

e) The manufacturer shall disclose the method for calculating the heart rate.
f)  The manufacturer shall disclose the method for determining a PAUSE.

g) |If the ME EQUIPMENT is designed to detect and/or measure ST SEGMENT shifts, the manu-
facturer shall disclose in the operating manual or physician's guide the following:

— whether the ST SEGMENT analysis is performed on all LEADS or only some LEADS,

— whether there are OPERATOR selectable detection criteria for ST SEGMENT shifts (such
as displacement and slope parameters),

— how frequently ST SEGMENT shifts are summarised in the clinical report (e.g., hourly)
and whether numbers of episodes, types of episodes (elevation or depression), and
durations of episodes are reported, or whether the clinical report presents this
information episode by episode,

— whether ranges of heart rates, ranges of displacements and/or slope values during
each episode are reported.
201.8 Protection against electrical HAZARDS from ME EQUIPMENT

Clause 8 of the general standard applies.
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201.9 Protection against MECHANICAL HAZARDS of ME EQUIPMENT and
ME SYSTEMS

Clause 9 of the general standard applies.

201.10 Protection against unwanted and excessive radiation HAZARDS

Clause 10 of the general standard applies.

201.11 Protection against excessive temperatures and other HAZARDS

Clause 11 of the general standard applies.

201.12 Accuracy of controls and instruments and protection against
hazardous outputs

Clause 12 of the general standard applies, except as follows:

201.12.1 Accuracy of controls and instruments

Addition:

201.12.1.101 *Algorithm testing
201.12.1.101.1 General

This subclause describes what constitutes a complete test of an algorithm. The term “test
report” refers to the evaluation procedure described in this subclause and not to the clinical
report that the physician receives.

201.12.1.101.1.1 *Databases
201.12.1.101.1.1.1 General description of available databases

At the time this document was developed, five databases were available for evaluation of
cardiac arrhythmia and ST algorithms:

— AHA: The American Heart Association Database for Evaluation of Ventricular
Arrhythmia Detectors (80 records of 35 min each);

— MIT-BIH: The Massachusetts Institute of Technology — Beth Israel Hospital Arrhythmia
Database (48 records of 30 min each);

- ESC: The European Society of Cardiology ST-T Database
(90 records of 2 h each);
— NST: The Noise Stress Test Database (12 ECG records of 30 min each plus

3 records of noise only supplied with the MIT-BIH database);

- Cu: The Creighton University Sustained Ventricular Arrhythmia Database
(35 records of 8 mins each — supplied with the MIT-BIH database with
incomplete annotations).

Sources for these databases are:

— ECRI, 5200 Butler Pike, Plymouth Meeting, PA 19462, USA (AHA database);

— MIT-BIH Database Distribution, MIT Room E25-505, Cambridge, MA 02139, USA (MIT-
BIH, NST, CU databases and the ESC database inside North America—Internet site:

http://ecg.mit.edu); Documents
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— CNR Institute of Clinical Physiology, Computer Laboratory, via Trieste, 41 56100 Pisa,
Italy (ESC database outside North America).

The first four of these databases (AHA, MIT-BIH, ESC, and NST) consist of digitized excerpts
of two-channel Holter type recordings, with each beat labelled. This set of annotation files, in
which each beat has been identified by expert cardiologist-annotators, are referred to as
“reference” annotations. The CU database contains digitized single channel ECG recordings
with rhythm changes labelled.

Database elements have been referred to as tapes and records. For the purpose of this
document, the term “tapes” refers only to physical taped recordings of ECGs. Database
elements are referred to as “records.”

This list of standard databases is not intended to exclude others, which may become available
in the future. It is, however, a list of those that were both adequate and available at the time
of this document’s publication.

Databases should be:

« fully described (standard digital format);
e clearly identifiable by name, version, date, etc.; and

* annexed with utilities and instructions for use.

If any records from a given database are used to fulfil the requirements of 201.12.1.101.1.5,
device performance shall be tested and reported on a record-by-record basis for all records
from that database except as excluded by 201.12.1.101.1.1.2. The first 5 min of each record
are designated as a learning period. The remainder of each record is the test period. Device
performance is measured only during the test period of each record; the entire test period
shall be used for this purpose, except as noted in 201.12.1.101.1.1.2

201.12.1.101.1.1.2 *Records to be excluded during testing

Of the 80 available records in the AHA database, two are recorded from patients with
pacemakers. Of the 48 records in the MIT-BIH database, four are from patients with
pacemakers. In these databases, records with paced beats do not retain sufficient signal
quality for reliable processing by systems for pace artifact detection or enhancement,
optimized on live signals. For such systems, testing shall exclude these six records containing
paced beats from the reporting requirements. Performance on these records shall be reported
for devices that are intended to analyze paced analogue ECG recordings made without pacer
artifact detection or enhancement, but aggregate performance statistics shall exclude these
records in all cases. This exclusion of records with paced beats applies to arrhythmia
algorithms as well as to ST SEGMENT measurement algorithms.

The NST database contains three records (BW, EM, and MA) that are noise recordings only
and are not intended for use in standard tests. The remaining 12 records are those on which
device performance shall be tested and reported.

Segments of data in which ventricular flutter or fibrillation (VF) is present are excluded from
beat-by-beat comparisons (for Qrs and VEB detection) only. Well-defined QRS complexes
necessary for a beat-by-beat comparison are not present during these segments, which are
marked by rhythm labels in the database annotation files. These segments are included,
however, in the tests of consecutive VEB detection and VF detection. Other segments of these
records (i.e. those that do contain labeled beats) shall be included in the beat-by-beat
comparisons.

201.12.1.101.1.2 *Testing requirements

201.12.1.101.1.2.1 The accuracy of QRS detection shall be tested using the AHA DB, the
MIT-BIH DB, and the NST DB at a minimum. Documents
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201.12.1.101.1.2.2 The accuracy of heart rate measurements shall be tested using the AHA
DB, the MIT-BIH DB, and the NST DB.

201.12.1.101.1.2.3 The accuracy of VEB detection shall be tested using the AHA DB, the
MIT-BIH DB, and the NST DB at a minimum.

201.12.1.101.1.2.4 If the device is claimed to detect ventricular flutter or fibrillation (vF), its
ability to do so shall be tested using the CU pB, the AHA DB, and the MIT-BIH DB at a
minimum.

201.12.1.101.1.2.5 If the device is claimed to detect supraventricular ectopic beats, or atrial
flutter or fibrillation (AF), its ability to do so shall be tested using the MIT-BIH DB and the NST
DB at a minimum. If the device is claimed to measure ST SEGMENT deviations or to detect ST
SEGMENT changes, its ability to do so shall be tested using the ESC DB at a minimum, unless
the characteristics of the database conflict with the algorithm under test.

201.12.1.101.1.3 *Test environment

Algorithm testing using standardized digital databases occurs, by definition, outside the
context of the complete monitoring device’s clinical setting. Yet, a correlation between
algorithm performance and the device’s actual clinical performance shall be ensured for the
results to be meaningful.

To conduct an evaluation that accurately reflects the capabilities of the algorithm as
implemented in a monitoring device, it is preferable to perform the test using hardware
comparable to the monitoring device although it is recognized that the nature of the algorithm
testing process might require modifications of the hardware or software. Additionally, signals
should be presented to the algorithm in a method comparable to the method employed in
clinical settings. The computational environment used to perform algorithm testing shall be
disclosed.

When algorithm evaluations are conducted under conditions or constraints grossly different
from those encountered by the monitoring device in an actual clinical setting, the algorithm
results might not represent the true performance of the device. Actual devices can have
limited processor speed, computational precision, filtering, etc. Testing or analysis shall be
performed indicating that the algorithm performance in an actual monitoring device can
reasonably be expected to correlate with performance in the simulated test environment. This
validation shall be disclosed.

201.12.1.101.1.4 Multiple-lead analysis

For any database, which has more leads available than can be simultaneously analyzed, the
actual combination of channels used shall be disclosed. For any system that can analyze
more channels than are available in the database, the disclosure shall state how the data
were entered. At no time during the processing of the entire database is the operator allowed
to change the combination of leads used. Results shall be reported on a record-by-record
basis.

201.12.1.101.1.5 *Requirements for the evaluation report
201.12.1.101.1.5.1 *Required statistics

For each record, the statistics below shall be reported as required in 201.12.1.101.1.5.2 and
201.12.1.101.1.5.3. Aggregate statistics based on the record-by-record reports summarizing
the performance of the algorithm under test for each of the databases employed shall be
reported as required. Formal definitions of the statistics are provided in the annex as noted.

The following symbols and abbreviations are used in the following tables:
Documents
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« O = optional reporting of this statistic from this database;
.« —=no reporting of this statistic required from this database;
« 'V = aggregate statistic required.

201.12.1.101.1.5.2 *Requirements for all arrhythmia algorithms

The requirements for all algorithms are given in Table 201.103.

Table 201.103 — Requirements for all arrhythmia algorithms

Record-by-record Rationale in Annex Gross Average | AHA | MIT-BIH | NST | CU | ESC

statistics required for AA statistic | statistic DB DB DB DB DB
each record

QRS sensitivity 201.12.1.101.1.5.2 \ \ R R R - (0]

QRS positive predictivity 201.12.1.101.1.5.2 \% V R R R - O

VEB sensitivity 201.12.1.101.1.5.2 \ \ R R R - 0}

VEB positive predictivity 201.12.1.101.1.5.2 \% V R R R - (0]

VEB false positive rate 201.12.1.101.1.5.2 V \% R R R - O

RMS heart rate error 201.12.1.101.1.5.3 V Vv R R R - (0]

Ventricular couplet 201.12.1.101.1.5.3 \% V R R - - -

sensitivity

Ventricular couplet 201.12.1.101.1.5.3 \% V R R - - -

positive predictivity

Ventricular short run 201.12.1.101.1.5.3 \% V R R - - -

sensitivity

Ventricular short run 201.12.1.101.1.5.3 \% V R R - - -

positive predictivity

Ventricular long run 201.12.1.101.1.5.3 \Y \Y R R - - -

sensitivity

Ventricular long run 201.12.1.101.1.5.3 \Y \Y R R - - -

positive predictivity

% beats missed during 201.12.1.101.1.5.2 V V R R R - O

SHUTDOWN

% N missed during 201.12.1.101.1.5.2 \ \ R R R - (0]

SHUTDOWN

% V missed during 201.12.1.101.1.5.2 \ \ R R R - 0}

SHUTDOWN

% F missed during 201.12.1.101.1.5.2 \ \ R R R - o

SHUTDOWN

Total SHUTDOWN time 201.12.1.101.1.5.2 \ \ R R R - 0}

201.12.1.101.1.5.3 *Requirements for algorithms with optional capabilities

Requirements for algorithms with optional capabilities are given in Table 201.104

Documents

Document Sharing Hub

Full document details: BS EN 60601-2-47:2015


http://www.avadocuments.com/doc/bs-en-60601-2-47-2015
http://www.avadocuments.com/doc/bs-en-60601-2-47-2015

