INTERNATIONAL IEC
STANDARD 60601-2-51

First edition
2003-02

(>

Medical electrical equipme %

Part 2-51:
Partlcular requwemnt for

Reference number
IEC 60601-2-51:2003(E)



https://standards.iteh.ai/catalog/standards/iec/e8221225-98a1-467d-8ff8-19eb7a355aaa/iec-60601-2-51-2003

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by\the IEC
thus ensuring that the content reflects current technology. Informatign relatino\to
this publication, including its validity, is available in the

by the technical committee which has prepared this publicatf
of publications issued, is also available from the following;

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

t searches, technical
0 }s_4dlso available on
recently issued publications, with 3ced publications, as well as
corrigenda.

e IEC Just Published

(http://www.iec.ch/online_news/
il. Please contact the Customer

This summ of re
justpub/jp _€ntry.htm
Service Centxe (sée| below)



http://www.iec.ch/
http://www.iec.ch/searchpub/cur_fut.htm
http://www.iec.ch/online_news/justpub/jp_entry.htm
http://www.iec.ch/online_news/justpub/jp_entry.htm
mailto:custserv@iec.ch
https://standards.iteh.ai/catalog/standards/iec/e8221225-98a1-467d-8ff8-19eb7a355aaa/iec-60601-2-51-2003

INTERNATIONAL IEC
STANDARD 60601-2-51

First edition
2003-02

Medical electrical equip

Part 2-51:

0 IEC 2003 0O Copyright - all rights reserved

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 the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 2291902 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XC
International Electrotechnical Commission

MexayHapoaHas 3nekTpoTexHuyeckas Komuccusa For price, see current catalogue



https://standards.iteh.ai/catalog/standards/iec/e8221225-98a1-467d-8ff8-19eb7a355aaa/iec-60601-2-51-2003

-2- 60601-2-51 © IEC:2003(E)

CONTENTS
FOREWORD ...ttt ettt et e et e et e ettt e et e e ta e e et e e et e e et e aetn e eeanaanns 4
INTRODUGCTION Lottt ettt e et et e et et e et e e e e et e 6
SECTION ONE — GENERAL
LS Yot o] o= 3= a o [ o] o] 1= o1 AP 7
2  Terminology and definitions ... ... 8
4 General requirements for S . ..ot 11
6 Identification, marking and dOCUMENTS ... .o e 12
SECTION TWO — ENVIRONMENTAL CONDITIONS
SECTION THREE — PROTECTION AGAINST ELECTRIC SHOC}
SECTION FOUR — PROTECTION AGAINST MECHANICALYdA
SECTION FIVE — PROTECTION AGAINST HAZARDS F
OR EXCESSIVE RADIATIO
50
51
SECTIONN — ABNORMAL OPERATION AND FAULT CONDITIONS;
ENVIRONMENTAL TESTS
SECTION TEN — CONSTRUCTIONAL REQUIREMENTS

56 Components and general assembIY ... 37

oL B A = 7. i =1 | S PRSPPI PPN 37
Appendix L (normative) References — Publications mentioned in this standard ...................... 43
Annex AA (informative) General guidance and rationale..............coooiiiiiiiiiiiiii 44
Annex BB (informative) ELECTRODES, their positions, identifications and colour codes............ 51
Annex CC (informative) LEADS and their identification (other than described in 51.101).......... 53
Annex DD (informative) Polarity of PATIENT LEADS (other than those specified in 51.101) ....... 55
Annex EE (informative) Additional marking of electrodes............ccoooiiiiiii i 56

Annex FF (informative) NOISE ..o 58


https://standards.iteh.ai/catalog/standards/iec/e8221225-98a1-467d-8ff8-19eb7a355aaa/iec-60601-2-51-2003

60601-2-51 © IEC:2003(E) -3-

Annex GG (normative) Definitions and rules for the measurement

Of ELECTROCARDIOGRAMS ... cuuititttittet et et et et e et et e e e e e e e e e e e e e ea e ea e e e e e e e e e e e e e e eneeneenaeneens 60
Annex HH (normative) Calibration and test data sets ... 66
Annex Il (informative) CTS test atlas ......cooiiniiiii e 69
7T o Yo | =1 ] 2 17/ 81
INDEX OF DEFINED TERMS ..ottt ettt e e e e e e e e e eeenaeees 82
Figure 101 — Electrode position according to Frank (see Table 101).......cc.cooiiiiiiiiiiiinn.

Figure 102 — Polarity of patient leads (see 51.101.1).......ccoooviiiiiiiiiiiinenns.
Figure 103 — Test of weighting networks and input impedance (see 51.10
Figure 104 — Test of common mode rejection (see 51.105.1 and 51.
Figure 105 — Triangular waveforms for test E of Table 114 (see

Figure 106 — Input impulse signal (dashed trace) and cardiog §
(continuous trace) (see 51.107.1.1.2) i e NN N e N e e e e e eeneenns

Figure 107 — Circuit for test of linearity (see 51.107.2) ... o - e\ e, 41

Table 104 — Ac
and intervals for biglogi

Table 110 — LEADS and their identification (nomenclature and definition)........................c.. 24
Table 111 — LEAD networks for Goldberger and WilSON LEADS ........c.oviuiiiiiiiiiiiieciecee e 26
Table 112 — LEAD Network for Frank LEADS ... .ttt 27
Table 113 — Test of input impedance — Positions of LEAD SELECTOR, connection of LEAD

ELECTRODES and peak to valley deflection in mm with S1 open..........coooii 28
Table 114 — FreqUENCY FESPONSE . .. ittt e et et e e e e ea e eans 32
Table HH.1 — Calibration and analytical ECGS .........ocuiiiiiiii e 66

Table HH.2 — Data set for testing of measurement and wave recognition accuracy of
biological data — 100 ECGS Of the CSE-StUAY. .....iuuiiiiiiii e 67

Table HH.3 — Data set for testing NOISE stability..........ccooooiiiii e, 67


https://standards.iteh.ai/catalog/standards/iec/e8221225-98a1-467d-8ff8-19eb7a355aaa/iec-60601-2-51-2003

-4 - 60601-2-51 © IEC:2003(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-51: Particular requirements for safety, including essential
performance, of recording and analysing single channel
and multichannel electrocardiographs

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizatia

for Standardization (ISO) in accordance with condition -‘ agreement between the two

organizations.

2) The formal decisions or agreements of the IEC on i express, as nearly as possible, an
international consensus of opinion on the retevant subje i chnical committee has representation
from all interested National Committees.

3)

4)

indicated in the latter.

5) The IEC provides no
equipment decla

6) Attention is draw
of patent rights. The 4

251 has been prepared by subcommittee 62D: Electro-
ical committee 62: Electrical equipment in medical practice.

pbased on the following documents:

FDIS Report on voting

62D/469/FDIS 62D/473/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

In this Particular Standard, the following print types are used:

* requirements, compliance with which can be tested, and definitions: roman type;
* notes, explanations, advice, introductions, general statements, exceptions and references: small roman type;
e test specifications: italic type;

« TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD OR THIS PARTICULAR STANDARD:
SMALL CAPITALS.
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The committee has decided that the contents of this publication will remain unchanged until 2007.
At this date, the publication will be

* reconfirmed;

+ withdrawn;

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

A bilingual version of this standard may be issued at a later date.

@%
N
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INTRODUCTION

This Particular Standard concerns additional safety of recording and analysing single
channel and multichannel electrocardiographic equipment. It amends and supplements
IEC 60601-1 (second edition, 1988), including its amendments 1 (1991) and 2 (1995)
hereinafter referred to as the General Standard. The requirements of this Particular Standard
take priority over those of the General Standard, entitled Medical electrical equipment — Part 1:
General requirements for safety.

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,.Wwill not anly facilitate
the proper application of the standard but will, in due course, (expedite revision
necessitated by changes in clinical practice or as a result of de nology.

An asterisk (*) by a clause or subclause number indicate explanatofy notes are
given in Annex AA.

S
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MEDICAL ELECTRICAL EQUIPMENT —
Part 2-51: Particular requirements for safety, including essential

performance, of recording and analysing single channel
and multichannel electrocardiographs

SECTION ONE — GENERAL

The clauses and subclauses of this section of the General Standard apply except as follows:

1 Scope and object

This clause of the General Standard applies except as follows:

*1.1 Scope

Addition:

This Particular Standard specifies requirements fo
of RECORDING AND ANALYSING SINGLE
defined in 2.101, 2.111, 2.117, 2.1Z3,
EQUIPMENT may be attended or unattend

This Particular Standard complements (EC d its Amendment 1 (1999).

1.2  Object

Replacement:

The object of thr {Cy a stablish particular requirements, in addition to the

— RECQRDIN

— ELECTROGA MS which are part of other MEDICAL ELECTRICAL EQUIPMENT, for example
exercise testing systems, if this EQUIPMENT is used to record ECGs for diagnostic purposes;

— ELECTROCARDIOGRAPHS which are used as output units for ECG data base management
systems or ELECTROCARDIOGRAPHS which are used as output units located at other places
than the recording unit;

— ANALYSING ELECTROCARDIOGRAPHS, systems, and computing devices which by means of
electronic data processing and pattern recognition derive measurements (e.g. intervals and
amplitudes) and diagnostic statements from the ECG;

- those parts of PATIENT monitors or other specialised ELECTROCARDIOGRAPHS that are
capable of performing the functions of the ANALYSING ELECTROCARDIOGRAPHS.

This standard shall not apply to Holter ELECTROCARDIOGRAPHS, invasive electrocardiography,
PATIENT monitoring systems and high-resolution ELECTROCARDIOGRAPHS (e.g. HIS bundle
ELECTROCARDIOGRAPHS, ELECTROCARDIOGRAPHS for late potential detection) other than
stated above.
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1.3 Particular Standards

Addition:

This Particular Standard refers to IEC 60601-1:1988, Medical electrical equipment — Part 1:
General requirements for safety, as amended by its Amendment 1 (1991) and Amendment 2
(1995), hereafter referred to as the General Standard, and to IEC 60601-2-25:1993, Medical
electrical equipment — Part 2-25: Particular requirements for the safety of electrocardiographs
and its Amendment 1 (1999).

The General Standard also takes into account IEC 60601-1-2:1993, Medical electrical
equipment — Part 1. General requirements for safety — 2. Collateral Standard: Electromagnetic
compatlblhty Reqwrements and tests, and IEC 60601-1-4:1996, Medlcal electrical equment

“Addition” means that the text of this
the General Standard.

“Amendment” means
indicated by the text of|

Subclauses or 1@

Where there is 3 i eCtion, clause or subclause in this Particular Standard, the
sectlon clause O he General Standard, although possibly not relevant, applies

applied, a statement toythat effect is given in this Particular Standard.

The requirements of this Particular Standard take priority over those of the General Standard
and Collateral Standard mentioned above.

2 Terminology and definitions
This clause of the General Standard applies except as follows:
Additional definitions:

2.101

ANALYSING ELECTROCARDIOGRAPH

ELECTROCARDIOGRAPH capable of analysing heart action potentials, deriving measurements
from them and/or making interpretative statements. These may be also capable of
communicating ECGs and/or analysis results
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2.102

CALIBRATION (“CAL")

facility enabling the CALIBRATION VOLTAGE and zero voltage to be recorded in place of the
ELECTROCARDIOGRAM

2.103
CALIBRATION VOLTAGE
voltage step recorded for amplitude CALIBRATION purposes

2.104
CENTRAL TERMINAL ACCORDING TO WILSON (CT)
terminal at the average potential of the R, L and F potentials

2.105
CHANNEL

display, recording, or transmission

2.106
COMMON MODE REJECTION

imbalance

2.107
COMMON MODE DC OFFSET VOLTAGE
DC voltage appearing onLE»
from ELECTRODE-skin voltag

2.108
ECG RECORD Q
a registration (e.g:

data such as date a

2.109
EFFECTIVE R

2.110
ELECTROCARDIOGRAM (ECG)

visible recording of heart action potentials as measured at the body surface (see also definition
2.108 ‘ECG RECORD’)

2.111

ELECTROCARDIOGRAPH (ecgQ)

MEDICAL ELECTRICAL EQUIPMENT and associated ELECTRODES intended for the production of
ELECTROCARDIOGRAMS for diagnostic purposes

2.112

ELECTRODE(S)

means (typically, an electrical sensor) in contact with a specified part of the body to detect
heart action voltage in combination with another means (see also Table 109). Both means
(electrical sensors) are connected to the ELECTROCARDIOGRAPH via a PATIENT CABLE
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2.113

FILTER(S)

means, realized in hardware, firmware or software, to attenuate unwanted components in the
signal being recorded, e.g. muscle action voltages in ECG signal

2.114
LEAD WIRE(S)
cable(s) connected between ELECTRODE(s) and the ELECTROCARDIOGRAPH

2.115

LEAD(S)

Combination(s) of ELECTRODES and LEAD WIRES used for a certain ECG recqrding (see also
Table 110)

2.116
LEAD SELECTOR
system to select certain LEADS and CAL

2.117
MULTICHANNEL ELECTROCARDIOGRAPH

EQUIPMENT for the simultaneous recording of two or ry S EQUIPMENT may also

2.118
NEUTRAL ELECTRODE

2.119
NOISE
unwanted signals of a

2.120
NORMAL SENSITIVIT

itvoltgge which does not alter the functioning of the ELECTROCARDIOGRAPH

2.122
PATIENT CABLE

multiwire cable and associated connector(s) to connect the ELECTRODES to the
ELECTROCARDIOGRAPH

2.123
RECORDING ELECTROCARDIOGRAPH
MEDICAL ELECTRICAL EQUIPMENT intended for the production of ECG RECORDS

2.124
REFERENCE POINT ACCORDING TO GOLDBERGER
reference point at an average potential of two limbs (e.g. average of L and F)

2.125

SENSITIVITY

ratio of the amplitude of a recording to the amplitude of the signal producing it, expressed
in mm/mV
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2.126
SINGLE CHANNEL ELECTROCARDIOGRAPH
EQUIPMENT for the recording of one ECG LEAD at a time

2.127
TEST
other designation for CAL

2.128
TIME CONSTANT

time taken for the output waveform step to decay to 1e (37 %) of the initial amplitude. It is used
to define the low frequency response of an a.c. coupled amplifier to a d.c.

NOTE This definition is derived from a first order network.

2.129

WAVE RECOGNITION POINTS
reference points on the time axis of the ECG waveform for infe
ments on an ECG cycle:

wuge measure-

* P-ONSET: beginning of the P-wave (atrial depolaris
* P-OFFSET: end of the P-wave;

* QRS-ONSET: beginning of the QRS-caryplex tion);
* QRS-OFFSET: end of the QRS-comple

* T-OFFSET: end of the T-wave (end of

4 General requireme

This clause of the Gen except as follows:

4.6 Other con@

Addition:
aa) Unless otherwi &\St8 s shall be carried out with the accessories and the recording
materia ifi anufacturer.

bb) EQUIPMENT
and minimu TERNAL ELECTRICAL POWER SOURCE voltages specified by the manufacturer.
If necessary for the purpose of conducting this test, an external battery of specified
minimum or maximum voltage may be connected.

cc) The values used in test circuits shall have at least an accuracy as given below:

— resistors +2 %
— capacitors 10 %
— inductors +10 %

— testvoltages +1 %
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4.11 Sequence
Addition:

Tests called for in this Particular Standard shall be performed after the tests of the General
Standard and the tests of IEC 60601-2-25 and its Amendment 1 (1999).

6 Identification, marking and documents

This clause of the General Standard applies except as follows:

*6.1 Marking on the outside of EQUIPMENT Or EQUIPMENT parts

Addition:

specified in Table 101;

bb) The PATIENT CABLE to EQUIPMENT connector shall
the USER to identify the EQUIPMENT to which the P

6.8.2 Instructions for use

Addition:

50.101.2;
— the way iso& }
the criteria applig

accuracy meastwés for diagnostic interpretative statements, non-ecG means for validation
of cardiac diagnosis and the group statistics of patient demographics (such as age, gender,
race etc.) as required in 50.102.3.2;

— the cardiac rhythms of low prevalence that were not included in the test rhythm EcCG
database as required in 50.102.4.1;

— the EcCG categories and the number of ECGs tested in these categories as required in
50.102.4.2 (see also 50.102.4.1);

— accuracy measures for rhythm interpretative statements and the group statistics of patient
demographics (such as age, gender, race etc.) as required in 50.102.4.2;

— the instructions for regular testing of the SENSITIVITY, when the CALIBRATION does not check
the overall SENSITIVITY as required in 51.103.2;

— if the ELECTROCARDIOGRAPH must have FILTERS set, the arrangements to pass the distortion
test, and the effect of these FILTER settings on ECG signal distortion as required in 51.109.1;

— the minimum length of time that the ELECTROCARDIOGRAPH will conform to the requirements
of this Particular Standard under the conditions required in Clause 56.
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