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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
MEDICAL ELECTRICAL EQUIPMENT –  

 
Part 2-27: Particular requirements for the basic safety and essential  

performance of electrocardiographic monitoring equipment  
 
 

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 IEC 60601-2-27 has been prepared by IEC subcommittee 62D: 
Electromedical equipment of IEC technical committee 62: Electrical equipment in medical 
practice.  

This third edition cancels and replaces the second edition of IEC 60601-2-27 published in 
2005. This edition constitutes a technical revision to the new structure of IEC 60601-1:2005 
(third edition).  

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

FDIS Report on voting 

62D/900/FDIS 62D/913/RVD 

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

The contents of the corrigendum of May 2012 have been included in this copy. 
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INTRODUCTION 

This particular standard concerns the BASIC SAFETY and ESSENTIAL PERFORMANCE of 
ELECTROCARDIOGRAPHIC MONITORING EQUIPMENT. 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 aim of this third edition is to bring this particular standard up to date with reference to the 
third edition of the general standard through reformatting and technical changes.  

The requirements of this particular standard take priority over those of the general standard.  

A “General guidance and rationale” for the more important requirements of this particular 
standard is included in Annex AA. It is considered that 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, Annex AA does not form part of the requirements of 
this standard.  
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MEDICAL ELECTRICAL EQUIPMENT –  
 

Part 2-27: Particular requirements for the basic safety and essential  
performance of electrocardiographic monitoring equipment  

 
 
 

201.1 Scope, object and related standards 

Clause 1 of the general standard1) applies, except as follows: 

201.1.1 *Scope 

Replacement: 

This particular standard applies to BASIC SAFETY and ESSENTIAL PERFORMANCE of 
ELECTROCARDIOGRAPHIC (ECG) MONITORING EQUIPMENT as defined in 201.3.63 and hereinafter 
also referred to as ME EQUIPMENT. This particular standard applies to ME EQUIPMENT used in a 
hospital environment as well as when used outside the hospital environment, such as in 
ambulances and air transport. This particular standard also applies to ECG telemetry systems 
used in a hospital environment. 

ME EQUIPMENT intended for use under extreme or uncontrolled environmental conditions 
outside the hospital environment, such as in ambulances and air transport, shall comply with 
this particular standard. Additional standards may apply to ME EQUIPMENT for those 
environments of use. 

This standard is not applicable to electrocardiographic monitors for home use. However, 
MANUFACTURERS should consider using relevant clauses of this standard as appropriate for 
their INTENDED USE. 

Ambulatory ("Holter") monitors, fetal heart rate monitoring, pulse plethysmographic devices, 
and other ECG recording equipment are outside the scope of this particular standard.  

201.1.2 Object 

Replacement: 

The object of this particular standard is to establish BASIC SAFETY and ESSENTIAL PERFORMANCE 
requirements for ELECTROCARDIOGRAPHIC (ECG) MONITORING EQUIPMENT as defined in 201.3.63. 

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. 

IEC 60601-1-2:2007 and IEC 60601-1-8:2006 apply as modified in Clauses 202 and 208 
respectively. IEC 60601-1-3 does not apply. All other published collateral standards in the 
IEC 60601-1 series apply as published. 

————————— 
1)  The general standard is IEC 60601-1:2005, Medical electrical equipment – Part 1: General requirements for 

basic safety and essential performance 
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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 IEC 60601-1-2 collateral 
standard, 203.4 in this particular standard addresses the content of Clause 4 of the 
IEC 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 
IEC 60601-1-2, 203 for IEC 60601-1-3, etc. 

The term “this standard” is used to make reference to the general standard, any applicable 
collateral standards and this particular standard taken together. 

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: 

Replacement: 
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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 

IEC 60601-1-8:2008, Medical electrical equipment – Part 1-8: General requirements for basic 
safety and essential performance – Collateral standard: General requirements, tests and 
guidance for alarm systems in medical electrical equipment and medical electrical systems 

Addition: 

IEC 60601-2-2:2009, Medical electrical equipment – Part 2-2: Particular requirements for the 
basic safety and essential performance of high frequency surgical equipment and high 
frequency surgical accessories 

IEC 60601-2-25:___2) Medical electrical equipment – Part 2-25: Particular requirements for 
the basic safety and essential performance of electrocardiographs 

IEC 60601-2-49___3), Medical electrical equipment - Part 2-49: Particular requirements for 
the basic safety and essential performance of multifunction patient monitoring equipment 

NOTE Informative references are listed in the bibliography beginning on page 68. 

201.3 Terms and definitions  

NOTE An index of defined terms is found beginning on page 69. 

For the purposes of this document, the terms and definitions given in IEC 60601-1:2005 
apply, except as follows: 

Replacement: 

201.3.63  
ELECTROCARDIOGRAPHIC (ECG) MONITORING EQUIPMENT  
ME EQUIPMENT 
device including ELECTRODES, LEAD WIRES and interconnecting means for the monitoring 
and/or recording of heart action potentials from one PATIENT and displaying the resultant data  

NOTE An ECG telemetry transmitter and receiver including its associated display of one PATIENT’S data forms an 
ME EQUIPMENT. ECG telemetry is typically used to display that data of a PATIENT at a remote location. 
Implementations of these remote displays frequently display data from several PATIENTS at the same time, but 
logically separate the data of each PATIENT on such a display. 

Additional definitions:  

201.3.201 
COMMON MODE REJECTION (CMR) 
ability of the ME EQUIPMENT including the PATIENT CABLE and ELECTRODES, high frequency 
filters, protection networks, amplifier input, etc., to discriminate between signals with 
differences between amplifier inputs (differential signal) and signals common to the amplifier 
inputs (common signal), in the presence of an ELECTRODE impedance imbalance  

201.3.202 
ELECTRODE 
sensor in contact with a specified part of the body to detect electrical cardiac activity  

————————— 
2) Second edition, to be published. 

3)  Second edition, to be published. 
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201.3.203 
ELECTROCARDIOGRAM (ECG) 
graphical presentation of one or more LEADS over time 

201.3.204 
GAIN 
ratio of the amplitude of the output signal to the amplitude of the input signal 

NOTE GAIN is expressed in mm/mV  

201.3.205 
GAIN INDICATOR 
graphical indication on a PERMANENT DISPLAY or NON-PERMANENT DISPLAY that allows the 
clinical OPERATOR to visually estimate the amplitude of the ECG input signal  

201.3.206 
LEAD 
voltage between ELECTRODES  

201.3.207 
LEAD SELECTOR 
system to select certain LEADS 

201.3.208 
LEAD WIRE 
cable connected between an ELECTRODE and either a PATIENT CABLE or the ME EQUIPMENT  

201.3.209 
NEUTRAL ELECTRODE 
reference point for differential amplifiers and/or interference suppression circuits, not intended 
to be used to calculate any LEAD 

NOTE A NEUTRAL ELECTRODE is sometimes referred to as a reference ELECTRODE. 

201.3.210 
NOISE 
unwanted signals of any frequency present in the ELECTROCARDIOGRAM 

201.3.211 
NON-PERMANENT DISPLAY 
a non-persistent presentation of an ELECTROCARDIOGRAM (ECG)  

NOTE An example of NON-PERMANENT DISPLAY is a LCD screen across which an ECG waveform is moving or a 
transient presentation of an ECG waveform. 

201.3.212 
PATIENT CABLE 
multiwire cable used to connect LEAD WIRES to ME EQUIPMENT 

201.3.213 
PERMANENT DISPLAY 
a persistent presentation of an ELECTROCARDIOGRAM (ECG)  

NOTE Examples of PERMANENT DISPLAYS are hardcopy printouts of an ECG. 

201.4 General requirements 

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

Addition: 

201.4.3.101 Additional ESSENTIAL PERFORMANCE requirements 

Additional ESSENTIAL PERFORMANCE requirements for ELECTROCARDIOGRAPHIC MONITORING 
EQUIPMENT are found in the subclauses listed in Table 201.101  

Table 201.101 – ESSENTIAL PERFORMANCE requirements  

Requirement Subclause 

Defibrillator protection 201.8.5.5.1 

Interruption of the power supply / SUPPLY MAINS to ME EQUIPMENT 201.11.8 

Protection against depletion of battery 201.11.8.101 

ESSENTIAL PERFORMANCE of ME EQUIPMENT 201.12.1.101 

Electrosurgery interference 202.6.2.101 

Time to alarm for heart rate ALARM CONDITIONS 208.6.6.2.103 

TECHNICAL ALARM CONDITIONS indicating inoperable ME EQUIPMENT 208.6.6.2.104 

201.5 General requirements for testing of ME EQUIPMENT 

Clause 5 of the general standard applies, except as follows: 

201.5.4 Other conditions 

Addition: 

Unless otherwise stated, tests shall be carried out with the ACCESSORIES and the recording 
materials specified by the MANUFACTURER.  

For ME EQUIPMENT with an INTERNAL ELECTRICAL POWER SOURCE, if the test result is affected by 
the INTERNAL ELECTRICAL POWER SOURCE voltage, then the test shall be performed using the 
least favourable INTERNAL ELECTRICAL POWER SOURCE voltage specified by the MANUFACTURER. 
If necessary for the purpose of conducting the test, an external battery or d.c. power supply 
may be used to provide the necessary test voltage. 

The values used in test circuits, unless otherwise specified, shall have at least an accuracy as 
given below:  

– resistors:  ±1 %; 

– capacitors:  ±10 %; 

– inductors:  ±10 %; 

– test voltages: ±1 % 

201.5.8 *Sequence of tests  

Amendment: 

Tests called for in 201.8.5.5.1 of this particular standard and in 8.5.5 of the general standard 
shall be carried out prior to the LEAKAGE CURRENT and dielectric strength tests described in 
subclauses 8.7 and 8.8 of the general standard and prior to the tests specified in subclauses 
201.11.6.5 and 201.12.1.101 of this particular standard. The tests for subclauses 
201.12.1.101.7, 201.12.1.101.9 and 201.12.1.101.16 b) shall be performed (in that order) 
before the tests for the remaining subclauses of 201.12.1.101 are performed.  
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201.6 Classification of ME EQUIPMENT and ME SYSTEMS 

Clause 6 of the general standard applies, except as follows:  

201.6.2 *Protection against electric shock  

Replacement of the last paragraph:  

APPLIED PARTS shall be classified as TYPE CF APPLIED PARTS (see 7.2.10 and 8.3 of the general 
standard). APPLIED PARTS shall be classified as DEFIBRILLATION-PROOF APPLIED PARTS (see 
8.5.5 of the general standard). 

201.6.6 Mode of operation  

Replacement:  

ME EQUIPMENT shall be classified for CONTINUOUS OPERATION (see 7.2.11 of the general 
standard).  

201.7 ME EQUIPMENT identification, marking and documents 

Clause 7 of the general standard applies, except as follows: 

201.7.2.4 ACCESSORIES 

Addition: 

201.7.2.4.101 Marking of LEAD WIRES 

In order to minimize the possibility of incorrect connections the PATIENT CABLE where the LEAD 
WIRES are connected shall be permanently marked with at least one of the identifiers 
(ELECTRODE identifier and/or colour code) specified in Table 201.102. Both ends of detachable 
LEAD WIRES shall be permanently marked with the same identifiers.  
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Table 201.102 – ELECTRODES and NEUTRAL ELECTRODE, 
their position, identification and colour  

 Code 1 (usually European) Code 2 (usually American)  ELECTRODE position on body surface 

LEAD 
System 

ELECTRODE 
Identifier 

ELECTRODE 
Colour code 

ELECTRODE 
Identifier  

ELECTRODE 
Colour code 

 

Limb 

R Red RA White Right arm 

L Yellow LA Black Left arm 

F Green LL Red Left leg 

Chest 
accord-
ing to 
Wilson 

C White V Brown Single movable chest electrode 

C1 White/red V1 Brown/Red Fourth intercostal space at right border 
of sternum 

C2 White/yellow V2 Brown/Yellow Fourth intercostal space at left border 
of sternum 

C3 White/green V3 Brown/Green Fifth rib between C2 and C4 

C4 White/brown V4 Brown/Blue Fifth intercostal space on left 
midclavicular line 

C5 White/black V5 Brown/Orange Left anterior axillary line at the 
horizontal level of C4 

C6 White/violet V6 Brown/Violet Left midaxillary line at the horizontal 
level of C4  

Position 
accor-
ding to 
Frank 

I Light blue/red I Orange/Red At the right midaxillary line a  

E Light 
blue/yellow 

E Orange/Yellow At the front midline a  

C Light blue/green C Orange/Green Between the front midline and left 
midaxillary line of 45 degrees  

A Light blue/brown  A Orange/Brown At the left midaxillary line a  

M Light blue/black M Orange/Black At the back midline a  

H Light blue/violet H Orange/Violet On the back of the neck  

F Green F Red  On the left leg 

 N or RF Black RL Green Right leg (NEUTRAL ELECTRODE) 

a Located at the transverse level of the ventricles, if known, or otherwise at the fifth intercostal space 

201.7.9.2.9  Operating instructions 

Addition: 

201.7.9.2.9.101 Additional instructions for use 
a) The operating instructions shall include the following: 

1) the INTENDED USE including the environment of use;  
2) that conductive parts of ELECTRODES and associated connectors for APPLIED PARTS, 

including the NEUTRAL ELECTRODE, should not contact any other conductive parts 
including earth; 

3) instructions for connecting a POTENTIAL EQUALIZATION CONDUCTOR, if applicable; 
4) * precautions to take when using a defibrillator on a PATIENT; a description of how the 

discharge of a defibrillator affects the ME EQUIPMENT; a warning that defibrillator 
protection requires use of MANUFACTURER specified ACCESSORIES including 
ELECTRODES, LEAD WIRES and PATIENT CABLES. The specification (or type-number) of 
such ACCESSORIES (see 201.8.5.5.1) shall be disclosed;  

5) advice to the clinical OPERATOR regarding whether the ME EQUIPMENT incorporates 
means to protect the PATIENT against burns when used with HIGH-
FREQUENCY (HF) SURGICAL EQUIPMENT. Advice shall be given regarding the location of 
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ELECTRODES and LEAD WIRES etc, to reduce the hazards of burns in the event of a 
defect in the neutral electrode connection of the HF SURGICAL EQUIPMENT;  

 NOTE ‘Neutral electrode’ here refers to a term defined in 201.3.227 of IEC 60601-2-2. 

6) the choice and application of specified PATIENT CABLES and LEAD WIRES; the choice 
and application of ELECTRODES;  

7) * advice regarding testing of the ME EQUIPMENT and ACCESSORIES on a daily basis (by 
the clinical OPERATOR) and on a scheduled basis (as a service activity). Emphasis 
should be placed on how the clinician may test visual and auditory ALARM SIGNALS;  

8) explanation of TECHNICAL ALARM CONDITIONS (see 208.6.8.101); 
9) explanation of how the heart-rate value may be affected by the operation of cardiac 

pacemaker pulses or by cardiac arrhythmias; 
10 the default settings (e.g. ALARM SETTINGS, modes, and filter); 
11) the configuration procedure that allows the ALARM SIGNAL inactivation states (ALARM 

PAUSED, AUDIO PAUSED, ALARM OFF, AUDIO OFF) and the function ALARM RESET to be 
controlled remotely (see 208.6.11.101), if provided; 

12) simple fault finding methods for troubleshooting problems by which the clinical 
OPERATOR can locate problems if the ME EQUIPMENT appears to be functioning 
incorrectly; 

 NOTE This relates to simple difficulties, not to technical malfunctions. 

13) the amplitude, pulse width, and overshoot of pacemaker pulses that are rejected by 
the ME EQUIPMENT (see 201.12.1.101.13); 

14) the subsequent operation of the ME EQUIPMENT after interruption of SUPPLY MAINS 
exceeding 30 s (see 201.11.8); 

15) description of how to disable ALARM SIGNALS for TECHNICAL ALARM CONDITIONS if LEAD 
WIRES or modules are intentionally disconnected by the clinical OPERATOR;  

16) advice on the preferred ALARM SETTINGS and configurations of the ALARM SYSTEM 
when its INTENDED USE includes the monitoring of PATIENTS that are not continuously 
attended by a clinical OPERATOR.  

b) The following performance characteristics shall be disclosed.  
1) Respiration, leads-off sensing and active NOISE suppression. For ME EQUIPMENT 

designed to intentionally apply a current to the PATIENT for the purpose of respiration 
sensing, leads-off sensing or active NOISE suppression, the MANUFACTURER shall 
disclose the waveforms (in the form of voltage, current, frequency, or other 
appropriate electrical parameters) which are applied to the PATIENT.  

2)  Tall T-wave rejection capability. Disclosure shall be made of the maximum T-wave 
amplitude that can be rejected, according to subclause 201.12.1.101.17.  

3) Heart rate averaging. The type of averaging done to compute the minute heart rate 
and, if applicable, the updating rate of the display shall be disclosed. 

4) Heart rate meter accuracy and response to irregular rhythm. Disclosure shall be 
made of the indicated heart rate, after a 20 s ME EQUIPMENT stabilization period, for 
the four types of alternating ECG complexes A1 to A4 described in Figure 201.101.  

5) Response time of heart rate meter to change in heart rate. Disclosure shall be 
made of the maximum time, to the nearest second and including the update time of 
the ME EQUIPMENT, required for the heart rate meter to indicate a new heart rate for a 
step increase from 80 1/min to 120 1/min and a step decrease from 80 1/min to 
40 1/min. The response time is measured from the time of the first QRS complex of 
the new rate to the time the heart rate meter first reads 37 % of the heart rate 
indication at 80 1/min plus (a) for the step increase, 63 % of the steady state 
indication at 120 1/min or greater, and (b) for the step decrease, 63 % of the steady 
state indication at 40 1/min or less.  

6) Time to alarm for tachycardia. Disclosure shall be made of the time to alarm for the 
two ventricular tachycardia waveforms B1 and B2 shown in Figure 201.101, following 
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a normal 80 1/min rate with the upper ALARM LIMIT set closest to 100 1/min and the 
lower ALARM LIMIT set closest to 60 1/min. Disclosure shall also be made of 
ME EQUIPMENT failure to alarm on either of these waveforms. In addition, the time to 
alarm shall be disclosed for these waveforms when their amplitudes are one-half and 
twice the indicated amplitudes.  

7) Pacemaker pulse rejection warning label. The following or a similar warning shall 
be displayed in the instructions for use: “WARNING—PACEMAKER PATIENTS. Rate 
meters may continue to count the pacemaker rate during occurrences of cardiac 
arrest or some arrhythmias. Do not rely entirely upon heart rate meter ALARM 
SIGNALS. Keep pacemaker PATIENTS under close surveillance. See this manual for 
disclosure of the pacemaker pulse rejection capability of this instrument” (see 
201.12.1.101.13). 

8) Visual and auditory ALARM SIGNAL disclosure. The MANUFACTURER shall disclose 
the location where ALARM SIGNALS are displayed (i.e., central station, bedside, or 
both), colour, size, and modulation (flashing), and the frequency or other descriptive 
characteristics of the sounds.  

9) INTERNALLY POWERED ME EQUIPMENT. The minimum operating time of the 
ME EQUIPMENT shall be disclosed, provided that the battery is new and fully charged. 
If rechargeable batteries are used, the MANUFACTURER shall disclose the battery 
charge time from depletion to 90 % charge in NORMAL USE and battery conditioning, if 
applicable. Specific advice shall be given on how to determine when the battery 
needs to be replaced. In addition, the function of the indicator of subclause 
201.15.4.4.101 and the battery charging procedure shall also be disclosed.  

10) Auxiliary output. Disclosure shall be made regarding proper connection of other 
devices to the auxiliary ECG signal output, if provided. The MANUFACTURER shall also 
disclose the bandwidth, GAIN and propagation delay time of all auxiliary outputs. 
MANUFACTURERS also shall disclose how internal pacemaker pulses are represented 
in the auxiliary output (their inclusion or absence, and whether enhanced pacemaker 
pulses are summed with the ECG signal).  

11) Pacemaker pulse rejection disabling. If clinical OPERATOR accessible controls are 
provided that disable the pacemaker pulse rejection capability of the ME EQUIPMENT, 
the mode selection and whether the pacemaker pulse rejection (see 
201.12.1.101.12/13) of the cardiotach is affected by this mode shall be disclosed.  

12) Sweep speeds. The available time bases of PERMANENT and NON-PERMANENT 
DISPLAYS of the ME EQUIPMENT shall be disclosed.  
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Grid intervals: 0,2 s, 0,5 mV 
A1 

 

Ventricular bigeminy; the total duration for the double complex is 1 500 ms; the 
rate is 80 1/min if all QRS complexes are counted and 40 1/min if only the larger R 
waves or S waves are counted.  

A2 

 

Slow alternating ventricular bigeminy; the rate is 60 1/min if all QRS complexes 
are counted and 30 1/min if only the large complexes are counted.  

A3 

 

Rapid alternating ventricular bigeminy; the rate is 120 1/min if all QRS complexes 
are counted.  

A4 

 

Bidirectional systoles; the rate is 90 1/min if all QRS complexes are counted and 
45 1/min if only the large complexes are counted. 

B1 

 

Ventricular tachycardia; the amplitude is 1 mV peak-to-valley (p-v) and heart rate 
is 206 1/min. 

B2 

 

Ventricular tachycardia; the amplitude is 2 mV p-v and heart rate is 195 1/min. 

NOTE These ECG test patterns (A1-B2) with defined amplitudes and time scale are available from 
http://www.physionet.org. GAIN or GAIN controls may be adjusted for each waveform.  

Figure 201.101 – Alternating QRS complexes and ventricular tachycardia waveforms for 
testing pattern recognition capability according to 201.7.9.2.9.101 b) 4) and 6)  

IEC   603/11 

IEC   604/11 

IEC   605/11 

IEC   606/11 

IEC   607/11 

IEC   608/11 

Full document details: IEC 60601-2-27 2011

http://avadocuments2026.com/doc/iec-60601-2-27-2011
http://avadocuments2026.com/doc/iec-60601-2-27-2011


60601-2-27  IEC:2011 – 17 – 

201.8 Protection against electrical HAZARDS from ME EQUIPMENT 

Clause 8 of the general standard applies, except as follows: 

201.8.3 Classification of APPLIED PARTS  

Replacement of a), b), and c):  

The APPLIED PART shall be a TYPE CF APPLIED PART.  

201.8.5.2.3 * PATIENT leads  

Addition: 

Any detachable ELECTRODE connector of a LEAD WIRE shall, when separated from the 
ELECTRODE, have an air clearance between connector pins and a flat surface of at least 
0,5 mm.  

Compliance is checked by inspection.  

201.8.5.5 DEFIBRILLATION-PROOF APPLIED PARTS 

201.8.5.5.1 * Defibrillation protection  

Addition: 

Protection against the effects of defibrillation shall be provided for ME EQUIPMENT.  

For defibrillator testing the ME EQUIPMENT is operated using the PATIENT CABLES as specified 
by the MANUFACTURER. 

The following requirements and tests apply in addition to the requirements and tests as 
specified in 8.5.5.1 of the general standard. 

• Common mode test  

Addition: 

Within 5 s after exposure to the defibrillation voltage, the ME EQUIPMENT shall resume normal 
operation in the previous operating mode, without loss of any OPERATOR settings or stored 
data, and shall continue to perform its intended function as specified in this particular 
standard. 

Compliance is checked according to Figure 201.103. 

For ME EQUIPMENT of CLASS I, apply the test voltage between all LEAD WIRES, including the 
NEUTRAL ELECTRODE, connected together and the PROTECTIVE EARTH TERMINAL. Energize the 
ME EQUIPMENT for these tests. 

In the case of ME EQUIPMENT of CLASS II and ME EQUIPMENT with an INTERNAL ELECTRICAL 
POWER SOURCE, apply the test voltage between all LEAD WIRES, including the NEUTRAL 
ELECTRODE, connected together and the FUNCTIONAL EARTH TERMINAL and/or metal foil in close 
contact with the ENCLOSURE. Energize the ME EQUIPMENT for these tests. 

Test ME EQUIPMENT having an INTERNAL ELECTRICAL POWER SOURCE, which is rechargeable 
from the SUPPLY MAINS with and without the SUPPLY MAINS connection if the ME EQUIPMENT is 
capable of operating while connected to SUPPLY MAINS. 
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Set the GAIN of the ME EQUIPMENT so such that a 5 mV signal produces a maximum display 
deflection without clipping the signal. With S2 closed and S3 opened, adjust the 10 Hz sine 
wave generator to produce a 5 mV peak-to-valley output signal. Open switch S2 and close S3. 

Connect S1 to position A and charge the capacitor C. After about 10 s, connect S1 to position 
B. Leave in position B for 200 ms ± 50 %. Allow recovery to begin by opening S1 to remove 
residual voltages from the ME EQUIPMENT. 

Immediately close S2 and open S3. Within 5 s, verify that the recorded test signal is not less 
than 80 % of the output before application. 

Repeat the above test with the polarity of the high voltage source reversed. Repeat the tests 
with positive and negative polarities 5 times. 

The ME EQUIPMENT shall resume normal operation in the previous operating mode, without 
loss of any OPERATOR settings or stored data within 5 s and shall continue to perform its 
intended function as specified in this particular standard. 

• Differential mode test 

Addition: 

Within 5 s after exposure to the defibrillation voltage, the ME EQUIPMENT shall resume normal 
operation in the previous operating mode, without loss of any OPERATOR settings or stored 
data, and shall continue to perform its intended function as described in the this particular 
standard. 

ME EQUIPMENT having an INTERNAL ELECTRICAL POWER SOURCE which is rechargeable from the 
SUPPLY MAINS shall be tested with and without the SUPPLY MAINS connection if the 
ME EQUIPMENT is capable of operating while connected to the SUPPLY MAINS. 

Compliance is checked by the following test: 

The ME EQUIPMENT is connected to the test circuit shown in Figure 201.102. The test voltage is 
applied to each LEAD WIRE in turn with all the remaining LEAD WIRES being connected to earth. 
Initially, the test is conducted applying the test voltage between the L (LA) LEAD WIRE and all 
remaining LEAD WIRES connected to the N (RL) LEAD WIRE. The ME EQUIPMENT shall be 
energized for these tests. 

Set the GAIN such that a 5 mV signal produces a maximum display deflection without clipping 
the signal. With S2 closed, adjust the 10 Hz sine wave generator to produce a 5 mV peak-to-
valley output signal. Open switch S2. 

Connect S1 to position A and charge the capacitor C. After about 10 s, connect S1 to position 
B. Leave in position B for 200 ms ± 50 %. 

Open S1 in order to remove residual voltages from the ME EQUIPMENT and allow recovery to 
begin.  

Immediately close S2. Within 5 s, verify that the recorded test signal is not less than 80 % of 
the output before application.  

Repeat the test for any other LEAD WIRE according to Table 201.103 with all remaining LEAD 
WIRES connected to the N (RL) LEAD WIRE. The discharge test is applied at 20 s intervals in 
those cases where more than one discharge is indicated.  
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Table 201.103 – Protection against the effect of defibrillation (test conditions)  

 P1 P2 LEAD setting Number of 
tests 

5 LEAD WIRES 

L (LA)  R, F, N, C (RA, LL, RL, V)  I 1 

R (RA)  F, L, N, C (LL, LA, RL, V)  II 1 

F (LL)  L, R, N, C (LA, RA, RL, V)  III 1 

N (RL)  L, R, F, C (LA, RA, LL, V)  Standby  1 

C (V)  L, R, F, N (LA, RA, LL, RL)  V 1 

3 LEAD WIRES 

L (LA)  R, F, or N (RA, LL or RL)  I 2 

R (RA)  L, F, or N (LA, LL or RL)  I 2 

F (LL) or N (RL)  R, L (RA, LA)  II or standby 2 

2 LEAD WIRES L (LA)  R (RA)  I 1 

 

NOTE The column ‘number of tests’ in Table 201.103 only applies to the defibrillation protection test. For other 
testing, the number of tests is one. 
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EUT

G

S2

R
390 kΩ

V1

5 kV d.c.

A B
S1

R 100 Ω
non-inductive

C  32 µ F

R (RA)

F (LL)

C (V)

N (RL)

P 2

P 1

L (LA)

R  50 Ω
non-inductive

L  500 µH
RL(d.c.) ≤ 10 Ω

RV

 

Components 

G Sine wave generator 20 V peak-to-valley of 10 Hz  

V1 High voltage source 5 kV d.c. 

S1 Switch; max. load 60 A, 5 kV  

S2 Switch connecting the signal source, 5 kV  

RL d.c. resistance of inductance L  

RV Current limiting resistor  

P1, P2 Connecting points for EUT (includes PATIENT CABLES)  

Test to be conducted with the MANUFACTURER’S recommended PATIENT CABLE and LEAD WIRES.  

Figure 201.102 – Test of protection against the effects of defibrillation 
(differential mode) 

(see 201.8.5.5.1) 
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V 1
B

S1

L  500 µH
RL(d.c.) ≤ 10 Ω

C 32  µF

R  50 Ω
non-inductive

R
100Ω
non-

inductive

RV 

EUT

P 1

P 2

L (LA)

R (RA)
F (LL)

C (V)

N (RL)

F

A

5 kV  d.c.

G

R
390 kΩ

S2

S3

 

 
Components 

G Sine wave generator 20 V peak-to-valley of 10 Hz  

V1 High voltage source 5 kV d.c.  

Ⓕ Foil, simulating capacitance for CLASS II EQUIPMENT  

S1 Switch; max. load 60 A, 5 kV  

S2 Switch connecting the signal source, 5 kV 

S3 Switch applying the signal source to LEAD WIRES  

RL d.c. resistance of inductance L  

RV Current limiting resistor  

P1  Connecting point for EUT (includes PATIENT CABLES)  

P2 Connecting point for FUNCTIONAL EARTH TERMINAL and/or metal 
foil in contact with ENCLOSURE  

Test to be conducted with MANUFACTURER’S recommended PATIENT CABLE and LEAD WIRES.  

Figure 201.103 – Test of protection against the effects of defibrillation (common mode) 
(see 201.8.5.5.1) 

201.8.5.5.2 Energy reduction test 

Replacement of Figure 11 by Figure 201.104: 
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V1

5 kV d.c.

B

S

L 25 mH ± 10 %
RL (d.c.) ≤ 10 Ω

C 32 µF ±10 %

R 400 Ω
non-inductive

R 100 Ω
non-inductive

RV

EUT

C

1

D

E

F

L (LA)

R (RA)
F (LL)
C (V)
N (RL)

A

 

Components 

① Energy test equipment  

V1 High voltage source 5 kV d.c.  

S Switch; max. load 60 A, 5 kV  

RL d.c. resistance of inductance L  

RV Current limiting resistor  

E, F Connecting points for energy test equipment  

C, D 
Connecting points for EUT (includes PATIENT CABLE)  

(Energy test equipment can be a defibrillator tester)  

Test to be conducted with the MANUFACTURER’S recommended PATIENT CABLE and LEAD WIRES.  

Figure 201.104 – Application of the test voltage between LEAD WIRES to test the energy 
delivered by the defibrillator 

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, except as follows: 
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201.11.6.5 * Ingress of water or particulate matter into ME EQUIPMENT and ME SYSTEMS 

Addition:  

PORTABLE/TRANSPORTABLE ME EQUIPMENT or parts of the ME EQUIPMENT separable while 
remaining functioning shall be constructed so that, in the event of spillage of liquids 
(accidental wetting) no HAZARDOUS SITUATION results from the ingress of liquids.  

The ME EQUIPMENT shall meet the dielectric strength requirements specified in 8.8.3 of the 
general standard and shall comply with the requirements of this particular standard.  

Compliance is checked by the following test:  

Place the PORTABLE/TRANSPORTABLE ME EQUIPMENT or parts of the ME EQUIPMENT in the least 
favourable position of NORMAL USE. Subject the ME EQUIPMENT for 30 s to an artificial rainfall of 
3 mm/min falling vertically from a height of 0,5 m above the top of the ME EQUIPMENT.  

A test apparatus is shown in Figure 3 of IEC 60529.  

An intercepting device may be used to determine the duration of the test.  

Immediately after 30 s exposure, remove any visible moisture on the ENCLOSURE.  

Immediately after the above test, verify (by inspection) that any water that entered the 
ME EQUIPMENT cannot adversely affect the BASIC SAFETY of the ME EQUIPMENT. Verify that the 
ME EQUIPMENT meets the relevant dielectric strength test (8.8.3 of the general standard) and 
does not result in a HAZARDOUS SITUATION.  

After this test, verify that the ME EQUIPMENT complies with the requirements of this particular 
standard.  

201.11.8 * Interruption of the power supply / SUPPLY MAINS to ME EQUIPMENT 

Addition: 

If the SUPPLY MAINS to the ME EQUIPMENT is interrupted for 30 s or less, no change of 
OPERATOR settings shall occur, including the mode of operation, and all stored PATIENT data 
shall remain available.  

NOTE The ME EQUIPMENT does not have to be operating during the interruption of the SUPPLY MAINS. 

Compliance is checked by observing the ME EQUIPMENT operating mode, OPERATOR settings, 
and stored data and interrupting the SUPPLY MAINS for a period of between 25 s and 30 s by 
disconnecting the POWER SUPPLY CORD.  

If the SUPPLY MAINS is interrupted for more than 30 s, the subsequent operation shall be one of 
the following: 

– reversion to the MANUFACTURER’S default settings, 
– reversion to the previous RESPONSIBLE ORGANIZATION’S default settings or 
– reversion to the last settings used. 

NOTE Means may be provided to the OPERATOR to select one or more than one of the above options. 

Compliance is checked by functional test. 

If the ME EQUIPMENT contains an INTERNAL ELECTRICAL POWER SOURCE and the SUPPLY MAINS is 
interrupted, the ME EQUIPMENT shall continue normal operation by switching automatically to 
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operating from its INTERNAL ELECTRICAL POWER SOURCE, and the mode of operation, all 
OPERATOR settings and stored data shall not be changed. Power-saving measures may be 
taken provided the ME EQUIPMENT continues to conform to this standard. 

ME EQUIPMENT shall visually indicate when it is operating from its INTERNAL ELECTRICAL POWER 
SOURCE. 

Compliance is checked by interrupting the SUPPLY MAINS and observing that OPERATOR settings 
and stored data are not changed, that normal operation continues, and that a visual indication 
is displayed that the ME EQUIPMENT is operating from its INTERNAL ELECTRICAL POWER SOURCE. 
The ‘on-off’ switch needs to remain in the ‘on’ position. 

Addition: 

201.11.8.101 * Protection against depletion of battery  

ME EQUIPMENT powered from an INTERNAL ELECTRICAL POWER SOURCE shall not cause a 
HAZARDOUS SITUATION to the PATIENT when the state of discharge can no longer maintain the 
NORMAL USE of the ME EQUIPMENT. The ME EQUIPMENT shall provide a TECHNICAL ALARM 
CONDITION to inform the clinical OPERATOR about the state of discharge and shall power down 
in a controlled manner as follows:  

a) The ME EQUIPMENT shall provide a TECHNICAL ALARM CONDITION at least 5 min prior to the 
time that the ME EQUIPMENT can no longer function in accordance with the MANUFACTURER’S 
specification when powered from the INTERNAL ELECTRICAL POWER SOURCE.  

 Compliance is checked by functional test.  
b) When the state of discharge of any INTERNAL ELECTRICAL POWER SOURCE is such that the 

ME EQUIPMENT can no longer function in accordance with the MANUFACTURER’s specification 
the ME EQUIPMENT shall power down in a manner which causes no HAZARDOUS SITUATION to 
the PATIENT.  

 Compliance is checked by operating the ME EQUIPMENT from the INTERNAL ELECTRICAL 
POWER SOURCE and by functional test.  

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 * ESSENTIAL PERFORMANCE of ME EQUIPMENT 

201.12.1.101.1 Accuracy of signal reproduction 

Input signals in the range of ±5 mV, varying at a rate up to 125 mV/s, shall be reproduced on 
the output with an error of ≤ ±20 % of the nominal value of the output or ±100 µV, whichever 
is greater.  

Compliance is checked using the test circuit of Figure 201.105.  

Open switch S1, close switches S and S2, and set S4 to position B. Connect the signal 
generator to apply a triangular wave of 2 Hz to any LEAD WIRE with all other LEAD WIRES 
connected to the N (RL) LEAD WIRE (P2) as defined in Table 201.103. Set the GAIN to 
10 mm/mV and sweep speed to 25 mm/s. Adjust the signal generator to produce a peak-to-
valley output on the NON-PERMANENT DISPLAY and on the PERMANENT DISPLAY (if provided), that 
is 100 % of the full scale peak-to-valley output. Decrease the output of the signal generator by 
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factors of 2, 5 and 10. The displayed output shall be linear within ±20 % or ± 100 µV of the full 
scale output.  

Repeat for each LEAD WIRE and NON-PERMANENT DISPLAYS and PERMANENT DISPLAYS, if provided 
until all combinations of LEAD WIRES and display devices have been tested as defined in 
Table 201.103. 

Connect the signal generator to any LEAD WIRE with all other LEAD WIRES connected to the 
N (RL) LEAD WIRE (P2). Adjust the signal generator to apply a 2 mV peak-to-valley input 20 Hz 
sinusoidal signal. Set the GAIN to 10 mm/mV and sweep speed to 25 mm/s. Verify that the 
output signal is completely visible and the resulting peak-to-valley amplitude is between 16-
24 mm. 
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Components 

① PATIENT CABLE 

② Signal generator; output impedance < 1 kΩ and linearity ± 1 % 

③ d.c. offset voltage source (300 mV) 

④ Shield 

R1,2 Input voltage divider;  
S1 Switch, shorts signal source impedance  
S2 Switch, shorts unbalance caused by skin impedance  
S3 Switch, changes polarity of d.c. offset voltage source  
S4 Switch, connects/disconnects the d.c. offset voltage source  
S Switch; connects/disconnects the signal generator  
P1,2,6 LEAD WIRE connection points  
P3,4 ECG input signal 
P5 Signal generator; output signal 

The shield around the entire test configuration minimizes induction from MAINS VOLTAGE.  

The figure illustrates the general test circuit for: 

– 201.12.1.101.1 (accuracy of signal reproduction); 
– 201.12.1.101.2 (input dynamic range and differential offset voltage); 
– 201.12.1.101.3 (input impedance); 
– 201.12.1.101.4 (input NOISE); 
– 201.12.1.101.5 (multichannel crosstalk); 
– 201.12.1.101.6 (GAIN control and stability); 
– 201.12.1.101.7 (sweep speed); 
– 201.12.1.101.8 (frequency and impulse response); 
– 201.12.1.101.9 (GAIN indicator) 
– 201.12.1.101.11 (baseline reset); 
– 201.12.1.101.14 (synchronizing pulse for cardioversion); 
– 201.12.1.101.15 (heart rate range, accuracy and QRS detection range); 

Figure 201.105 – General test circuit 
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201.12.1.101.2 * Input dynamic range and differential offset voltage  

With a d.c. offset voltage in the range of ±300 mV and differential input signal voltages of 
±5 mV that vary at rates up to 320 mV/s, when applied to any LEAD WIRE, the time-varying 
output signal amplitude shall not change by more than ±10 % over the specified range of 
d.c. offset.  

Compliance is checked using the test circuit of Figure 201.105.  

Open switch S1, close switches S and S2 and set S4 at position B. Apply a 16 Hz triangular 
or sinusoidal signal to any LEAD WIRE with all other LEAD WIRES connected to the N (RL) LEAD 
WIRE (P2) as defined in Table 201.103. Set the GAIN to 10 mm/mV and sweep speed to 
25 mm/s. Adjust the signal generator so that the applied input signal produces an output 
amplitude of 80% of the full scale channel height. Record the amplitude of this output signal.  

Set switch S4 to position A to apply a d.c. offset voltage of +300 mV. Measure the time-
varying output signal amplitude. Verify that this amplitude is within ±10% of the previously 
recorded amplitude over the specified d.c. offset voltage range. Repeat this test for a 
d.c. offset voltage of –300 mV by changing the position of switch S3. 

Repeat the test for each LEAD WIRE until all combinations of LEAD WIRES have been tested as 
defined in Table 201.103.  

Repeat the test for each PERMANENT DISPLAY and NON-PERMANENT DISPLAY.  

201.12.1.101.3 * Input impedance  

The input impedance shall be at least 2,5 MΩ within a d.c. offset voltage range of ±300 mV. 
This requirement does not apply to inputs used for measurements other than ECG (i.e. 
respiration).  

Compliance is checked using the test circuit of Figure 201.105. 

Open switch S1, close switches S and S2 and set S4 to position B. Connect the sine wave 
signal generator to any tested LEAD (P1 and P2) with all other LEAD WIRES connected to the 
N (RL) LEAD WIRE (P6) as defined in Table 201.103. Set the GAIN to 10 mm/mV and sweep 
speed to 25 mm/s. Adjust the sine wave generator to produce a sinusoidal signal of 80 % of 
full-scale peak-to-valley channel height on any display at a frequency of 0,67 Hz. Record the 
displayed output amplitude for this GAIN at the PERMANENT or NON-PERMANENT DISPLAY being 
tested. Open S2 and set S4 to position A. Apply a d.c. offset voltage of +300 mV. The 
measured signal amplitude shall not decrease by more than 20 % on the output display. 
Repeat the test with a d.c. offset voltage of –300 mV. For d.c. offset voltages of +300 mV and 
–300 mV, repeat the test for a frequency of 40 Hz.  

Repeat the above test for each LEAD WIRE until all combinations of LEAD WIRES have been 
tested as defined in Table 201.103.  

201.12.1.101.4 Input NOISE  

The signal NOISE caused by the ECG amplifier and PATIENT CABLE shall not exceed 30 µV peak-
to-valley referred to the input (RTI) for a period of at least 10 s. Any mains frequency notch 
filter, if provided, is to be turned on during this test.  

Compliance is checked using the test circuit of Figure 201.107.  

The PATIENT CABLE(S) specified by the MANUFACTURER shall be used when conducting the 
following test: 
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a) Insert in series with each LEAD WIRE of the PATIENT CABLE a 51 kΩ resistor in parallel with a 
47 nF capacitor as shown in Figure 201.107; for this test all the switches S1 to Sn are 
open, and the signal generator G and the capacitor C1 are not connected. 

b) With the ME EQUIPMENT adjusted for the highest GAIN setting, for the widest bandwidth 
setting, and for the switchable filters disabled, verify that the noise on the PERMNANET 
DISPLAY and NON-PERMANENT DISPLAY is no greater than 30 µV peak to valley referred to 
input for a period of at least 10 s, for each position of the LEAD SELECTOR. 

c) Repeat this test nine more times. Verify that the 30 µV limit is not exceeded for at least 
nine of the 10 trials. The 10 trials must be conducted over a time period not to exceed 
30 min. The PATIENT CABLE/LEAD WIRES must be motionless during these tests. The PATIENT 
CABLE must not be disconnected between trials.  

201.12.1.101.5 Multichannel crosstalk  

When an input signal limited in amplitude and rate as per 201.12.1.101.2 is applied to 
selected LEAD of the multi-channel ME EQUIPMENT, with all other LEAD WIRES connected to the 
N (RL) LEAD WIRE, the unwanted output in the unused LEADS shall not be greater than 5 % of 
the applied input signal.  

For ME EQUIPMENT with standard and/or Frank LEADS, compliance is checked using the test 
circuit of Figure 201.105.  

a) Open switch S1, close switches S and S2 and set S4 to position B. Connect LEAD WIRES 
F (LL), V1 (C1), and if provided, the Frank (E) to P1. Connect all other LEAD WIRES via P2 
to the N (RL) LEAD WIRE (see Table 201.102) through a parallel combination of a 51 kΩ 
resistor and a 47 nF capacitor.  

b) Set the GAIN to 10 mm/mV and sweep speed to 25 mm/s. Configure the ME EQUIPMENT to 
display LEADS I, II and III.  

NOTE If the ME EQUIPMENT provides fewer than three simultaneous display channels then perform the test 
sequentially for each listed LEADS. 

c) From the signal generator, apply 2,5 mV peak-to-valley 30 Hz triangular wave between 
P1and P2. Record the displayed output signals of LEAD I or Frank LEADS X and Y. Verify 
that the resulting value is less than 1,25 mm (5% of the 2,5 mV input signal). 

d) Connect the F (LL) LEAD WIRE to P2 and the R (RA) LEAD WIRE to P1. All other LEAD WIRES 
remain connected as specified in a). Record the displayed output signals of LEAD I or 
Frank LEADS X and Y. Verify that the resulting value is less than 1,25 mm.  

e) Connect the R (RA) LEAD WIRE to P2 and the L (LA) LEAD WIRE to P1. All other LEAD WIRES 
remain connected as specified in a). Record the displayed output signals of LEAD I or 
Frank LEADS X and Y. Verify that the resulting value is less than 1,25 mm.  

f) Connect only the C1 (V1) LEAD WIRE to P1 and connect all other LEAD WIRES via P2 to the 
N (RL) LEAD WIRE through a parallel combination of a 51 kΩ resistor and a 47 nF capacitor. 
Record the displayed output signals of all LEADS. Verify that the resulting value (the 
displayed output signal of every LEAD except LEAD C1 (V1) is less than 1,25 mm.  

g) Repeat step f) for the C2 (V2) through C6 (V6) LEAD WIRES connected in turn to P1 and 
with all other LEAD WIRES connected to P2. Record the displayed output signals of all 
LEADS. Verify that the resulting value (the displayed output signal of every LEAD except the 
LEAD associated with the LEAD WIRE currently connected to P1) is less than 1,25 mm.  

h) Repeat step f) for all other LEAD WIRES. 
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i) For Frank leads, connect only the Frank A and F lead wires to P1 and all other lead wires 
to P2. The Frank LEADS X and Z must have output signals less than 1,25 mm (5% of the 
2,5 mV input signal).  

For ME EQUIPMENT with other LEADS, connections of an individual LEAD WIRE to P1 with all other 
LEAD WIRES connected to P2 must take into account the sharing of any specific LEAD WIRE with 
more than one LEAD before applying the 1,25 mm crosstalk limit.  

201.12.1.101.6 GAIN control and stability  

ME EQUIPMENT having PERMANENT and NON-PERMANENT DISPLAYS shall provide at least one 
fixed GAIN setting of (10 ± 1,0) mm/mV. In addition, continuously variable GAIN control may be 
provided, if this mode is clearly indicated on all provided displays.  

Compliance is checked using the test circuit of Figure 201.105 and a ruler or callipers 
accurate to within 0,2 mm.  

Open switch S1, close switches S, S2, and set S4 to position B. Connect R (RA) to P1, L (LA) 
to P2 and all other LEAD WIRES to P6. With the signal generator, apply a 1 mV 10 Hz peak-to-
valley sinusoidal signal between the R (RA) and L (LA) LEAD WIRES.  

For PERMANENT DISPLAYS, the GAIN setting of 10 mm/mV shall produce a displayed signal 
amplitude of (10 ± 1,0) mm. Adjust the input signal amplitude if the displayed signal is 
saturated or too small to measure, Measure the displayed signal amplitude for all 
implemented fixed GAIN settings. Verify that the displayed signal amplitude is within 10 % of 
the chosen GAIN setting.  

For NON-PERMANENT DISPLAYS, repeat this test for all implemented fixed GAIN settings. 
Measure the displayed signal amplitude. Verify that the resulting value is within 10% of the 
chosen GAIN setting. 

The GAIN change one minute after energizing the ME EQUIPMENT shall not exceed 0,66 % per 
minute. The total GAIN change shall not exceed ±10 % for periods of 1 min, 5 min, 30 min and 
60 min  

Compliance is checked using the test circuit of Figure 201.105 and a ruler or callipers 
accurate to within 0,2 mm.  

After stabilizing at ambient temperature, energize the ME EQUIPMENT. Set the GAIN to 
10 mm/mV and sweep speed to 25 mm/s. Apply a 1 mV peak-to-valley 10 Hz signal. Measure 
the displayed output amplitude after 1 min, 5 min, 30 min and 60 min. Verify that the 
displayed output amplitude varies less than ±1 mm between any measurements or 0,66 % per 
minute. Other fix GAIN settings may be used to determine the GAIN stability of NON-PERMANENT 
DISPLAYS. In this case verify that the displayed output amplitude varies less than ±1 mm 
multiplied by factor ‘selected fix GAIN divided by 10 mm/mV’ between any measurements or 
0,66 % per minute.  

201.12.1.101.7 Sweep speed  

ME EQUIPMENT with PERMANENT DISPLAYS shall provide at least one sweep speed of 
25 mm/s ±10 %. ME EQUIPMENT with NON-PERMANENT DISPLAYS shall provide at least one 
sweep speed that is labelled 25 mm/s and has a waveform aspect ratio as specified in 
201.12.1.101.16 at a GAIN setting of 10 mm/mV. 

Other sweep speeds may be provided. The MANUFACTURER shall disclose all available sweep 
speeds (see 201.7.9.2.9.101 b) 12)). The sweep speed accuracy for any settings shall not 
vary by more than ±10 % over the complete horizontal ECG-channel width. 
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Compliance is checked using the test circuit of Figure 201.105 and a ruler or callipers 
accurate to within 0,2 mm.  

Connect a signal generator between the R (RA) LEAD WIRE and all other LEAD WIRES connected 
to the N (RL) LEAD WIRE. Set the GAIN to 10 mm/mV and the sweep speed to 25 mm/s. Apply a 
0,5 mV peak-to-valley triangular or sinusoidal signal of 25 Hz ±1 %.  

For PERMANENT DISPLAYS, generate a printout that contains at least 6 s of the applied signal at 
this sweep speed. Ignore the signal from the first 1 s interval and measure the distance 
between any 25 successive peaks. This distance must be (25 ± 2,5) mm. Repeat the 
measurements at least three times along different parts of the printout and verify that these 
measurements remain within (25 ± 2,5) mm.  

For NON-PERMANENT DISPLAYS, measure the width (in mm) of the waveform portion of the 
display at the height of the vertical midpoint of this signal. Using either a time-exposure 
photograph of the display or an image captured from the display, count the number of upper 
or lower peaks within this image/photograph. Divide the measured width of the waveform 
channel (in mm) by the number of peaks (of this 25 Hz signal). This resulting value must be 
(1 ± 0.1) mm. 

Other available sweep speeds are checked by visual inspection. 

201.12.1.101.8 * Frequency and impulse response  

The frequency and impulse response of ME EQUIPMENT shall comply with the following 
requirements:  

a) Frequency response  

ME EQUIPMENT shall meet the requirement for a frequency response (bandwidth) of at least 
0,67 Hz to 40 Hz when tested with the input signals from methods A and B. For Method A, the 
output at 0,67 Hz and 40 Hz shall be within 71 % to 110 % of the output obtained with a 5 Hz 
sine wave input signal. For Method B, the output response obtained with the waveform of 
Figure 201.106 with a 20 ms base width shall be within 75 % to 100 % of the output obtained 
with a base width of 200 ms.  

Compliance is checked using the test circuit of Figure 201.105 and application of test 
methods A and B. Ensure that the line frequency notch filter, if provided, is turned off for this 
test.  

If the ME EQUIPMENT provides additional selectable ECG bandwidths or filter settings, then test 
each setting appropriately as specified by the MANUFACTURER. 

Method A: Open switch S1, close switches S and S2 and set S4 to position B. Set the GAIN to 
10 mm/mV and sweep speed to 25 mm/s. Use the signal generator to apply a 5 Hz, 1 mV 
peak-to-valley sine wave signal to the R (RA) LEAD WIRE with all other LEAD WIRES connected 
to the N (RL) LEAD WIRE. Record the displayed output amplitude in LEAD II for that GAIN on the 
PERMANENT or NON-PERMANENT DISPLAY being tested. Verify that at 0,67 Hz and 40 Hz the 
output signal amplitude remains within the range of 71 % to 110 % compared to the amplitude 
of 5 Hz.  

Method B: Close switches S and S2 and set S4 to position B. Set the GAIN to 10 mm/mV and 
sweep speed to 25 mm/s. Use the signal generator to apply the waveform of Figure 201.106 
with a base width of (200 ± 20) ms to the F (LL) LEAD WIRE with all other LEAD WIRES 
connected to the N (RL) LEAD WIRE. Adjust the input signal to produce an output amplitude 
equivalent to (20 ± 0,5) mm in LEAD II. Then, without changing the input amplitude, change the 
base width to (20 ± 1) ms. The repetition rate, selected to obtain the most irregular pattern of 
amplitudes of successive output peaks, may be 1 Hz or lower.  
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For each of 10 consecutive cycles, locate the point of maximum amplitude (M). Locate the 
point (P) that lies midway between the peaks of consecutive cycles. Each peak amplitude is 
computed as the difference between amplitude M and the baseline value P preceding M. This 
amplitude must be within the range 75 % to 100 % (15 mm to 20 mm nominal) of the peak 
amplitude recorded for the 200 ms triangular wave input signal.  

b) Impulse response  

The extended low-frequency response shall not produce a displacement greater than 0,1 mV 
RTI, nor a slope exceeding 0,3 mV/s immediately following the end of the impulse on the 
output when an input impulse of 0,3 mV•s (3 mV for 100 ms) is applied.  

Compliance is checked using the test circuit of Figure 201.105 and a ruler or callipers 
accurate to within 0,2 mm.  

Open switch S1, close switches S and S2 and set S4 to position B. Set the GAIN to 10 mm/mV 
and sweep speed to 25 mm/s. Apply an input impulse of 3 mV amplitude and 100 ms duration 
to the R (RA) LEAD WIRE with all other LEAD WIRES connected to the N (RL) LEAD WIRE. Verify 
that the output baseline following the impulse is displaced no more than 0,1 mV from the 
baseline preceding the impulse and that the slope of the response does not exceed 0,3 mV/s 
following the end of the pulse. If the applied impulse triggers the pacemaker detector a 
modified impulse with a lower amplitude and longer duration but still having a 0,3 mVs area 
may be used. 

Tbw

1 s

a

 

Key 

Tbw 20 ms or 200 ms  

Figure 201.106 – High frequency response 
(see 201.12.1.101.8 a) 

201.12.1.101.9 GAIN INDICATOR  

A GAIN INDICATOR shall be provided that indicates the amplitude of an input voltage of 1 mV for 
each GAIN setting on PERMANENT and NON-PERMANENT DISPLAYS. The amplitude variation in 
display output shall be within ±10 % when applying a (1,00 ± 0,01) mV input signal at the 
appropriate LEAD. It shall be available for all LEADS. The GAIN setting may be provided 
alternatively as a numerical value expressed in mm/mV. ME EQUIPMENT providing only one 
fixed GAIN is exempt from the requirement to provide a GAIN INDICATOR.  

NOTE Examples of a GAIN INDICATOR are a vertical bar or a horizontal line (gridline, dotted line) representing the 
amplitude a 1 mV input signal.  

If the GAIN INDICATOR of 1 mV exceeds the channel height the GAIN INDICATOR may be 
rescaled. In this case the amplitude of the GAIN INDICATOR shall be indicated. 

Compliance is checked using the test circuit of Figure 201.105, the test signal of Figure 
201.106 and a ruler or callipers accurate to within 0,2 mm.  

IEC   613/11 
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Open switch S1, close switches S and S2 and set S4 to position B. Set the GAIN to 10 mm/mV 
and sweep speed to 25 mm/s. With the signal generator apply a (1,00 ± 0,01) mV peak-to-
valley triangular or sinusoidal signal of 25 Hz to the R (RA) LEAD WIRE with all other 
LEAD WIRES connected to the N (RL) LEAD WIRE. Record the amplitude of the GAIN INDICATOR 
and verify that it is within 10 % of the displayed output signal. Repeat the test for all LEADS 
and the minimum and maximum GAIN setting.  

201.12.1.101.10 * Common mode rejection  

A 10 V r.m.s. signal at mains frequency with 200 pF source capacitance, connected between 
earth and all LEAD WIRES connected together shall not produce an output signal greater than 
10 mm peak-to-valley at a GAIN setting of 10 mm/mV for not less than 15 s. In series with each 
ELECTRODE shall be a 51 kΩ resistor in parallel with a 47 nF capacitor. The PATIENT CABLE 
specified by the MANUFACTURER shall be used.  

Compliance is checked using the test circuit of Figure 201.107 and a ruler or callipers 
accurate to within 0,2 mm. The test has to be performed with main frequencies of 50 Hz and 
60 Hz. 

a) Adjust Ct to produce 10 V r.m.s. at mains frequency at point B, while no PATIENT CABLE is 
attached (S0 open). The common mode voltage applied to the ME EQUIPMENT is then 
10 V rms. Ensure that the line frequency notch filter (if provided) is turned off for this test, 
even if this requires special software or a special method of accessing the control over 
that filter.  

b) Close switches S0 and S2 through Sn, open S1, and set SDC to position B. Set the GAIN to 
10 mm/mV and the sweep speed to 25 mm/s. Measure the output amplitude for not less 
than 15 s period at that GAIN setting. Then open S2 and close all other switches. Repeat 
the amplitude measurement. Continue until the measurement has been made with all 
LEAD WIRES.  

c) Repeat the test with a +300 mV d.c. and –300 mV d.c. offset voltage in series with the 
imbalance impedance, by setting SDC to position A and testing with switch SP in each of its 
two positions.  

The resulting values shall not be greater than 10 mm peak-to-valley. Ensure that the line 
frequency notch filter (if provided) is turned off for this test, even if this requires special 
software or a special method of accessing the control over that filter.  

In Figure 201.107 C1 and Ct simulate the PATIENT’S capacitance to ground. The inner shield 
reduces the pickup of unwanted extraneous signals. Since the capacitance Cx between the 
inner and external shields influences both the source capacitance and the common mode 
voltage, this capacitance is increased by a trimmer capacitor to 100 pF, equal to the 
generator capacitor C1. The generator output is increased to 20 Vrms, thus providing 10 Vrms 
at the common mode point B with a source impedance equivalent to 200 pF when the 
PATIENT CABLE is not connected to the test circuit. The shield of the PATIENT CABLE must not be 
connected.  
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Components 

① Signal generator 20 Vrms mains frequency  

② PATIENT CABLE  

③ DC offset source, impedance ≤ 1 kΩ 

④ Inner shield 

⑤ Outer shield 

B Common mode point 
S1-Sn Switches; invoke unbalance circuit consisting of C and R  
C 47 nF 
R 51 kΩ 

Figure 201.107 – Test circuit for COMMON MODE REJECTION 
(see 201.12.1.101.10) 

201.12.1.101.11 Baseline reset  

Means shall be provided for restoring the ME EQUIPMENT to its normal operating condition 
within 3 s after applying a 1 V peak-to-valley 50/60 Hz overload voltage for at least 1 s.  

Compliance is checked by the following test:  

a) Connect the ME EQUIPMENT to the test circuit of Figure 201.105 with switches S, S1 and S2 
closed, S4 in position B and the generator circuit of Figure 201.108 with switch S closed 
and S1 open; adjust the sinusoidal generator V1 to produce a 10 Hz, 1 mV peak-to-valley 
signal between the selected LEAD WIRES; 

b) Select any available LEAD and corresponding LEAD WIRE combination, and by means of 
opening the switch S and closing the switch S1 in Figure 201.108, apply a 50/60 Hz, 1 V 
peak-to-valley overload voltage for at least 1 s;  

c) Close switch S and open switch S1 in Figure 201.108 and verify that the 10 Hz signal is 
clearly visible 3 s after closure of the switch across V2 and remains visible.  

IEC   614/11 
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V1

V2
S

S1

 

Components 
V1 Signal generator 1 mV peak-to-valley, 10 Hz sine wave  
V2 Signal generator 1 V peak-to-valley, 50Hz/60 Hz mains frequency  
S Switch enabling/disabling 50 Hz/60 Hz mains frequency  

Figure 201.108 – Baseline reset 
(see 201.12.1.101.11) 

201.12.1.101.12 * Pacemaker pulse display capability  

ME EQUIPMENT shall be capable of displaying the ECG signal in the presence of pacemaker 
pulses with amplitudes of ±2 mV to ±700 mV and durations of 0,5 ms to 2,0 ms. An indication 
of the pacemaker pulse shall be visible on the display with an amplitude of no less than 
0,2 mV referred to input (RTI). Alternatively, the position of pacemaker pulses may be 
indicated by artificially inserted pacemaker pulse flags. If the display capability of pacemaker 
pulses is affected by patient modes such as neonatal mode or filter settings the positions of 
these inserted pacemaker flags in these modes shall be verified.  

Compliance is checked using the test circuit of Figure 201.114 and the waveform of Figure 
201.109.  

Connect the R (RA) LEAD WIRE to P1 and all other LEAD WIRES and N (RL) LEAD WIRE to P2. Set 
the GAIN to 10 mm/mV and sweep speed to 25 mm/s. Apply with the pacemaker pulse 
generator (2) the waveform of Figure 201.109. The QRS simulator (1) is switched off for this 
test. Adjust amplitude ap of the pacemaker pulse to (700 ± 70) mV. Adjust the pacemaker 
pulse frequency to 1,5 Hz. Adjust the pulse width dp to (2 ± 0,2) ms. Verify that the indication 
of the pacemaker pulse is visible on the display with an amplitude of at least 0,2 mV RTI or 
that position of pacemaker pulses may be indicated by inserted pace pulse flags. 

Adjust the pulse width dp to (0,5 ± 0,05) ms and repeat the test.  

Change the amplitude ap of the pacemaker pulse to (2 ± 0,02) mV and repeat all the above 
tests.  

Repeat the test for all other LEAD WIRES and corresponding LEAD SELECTOR positions as 
defined in Table 201.103. Repeat the test for all modes that may affect the capability of 
displaying pacemaker pulses or artificially inserted pacemaker flags.  

IEC   615/11 
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Key 
A Pacemaker pulse without overshoot 

B Pacemaker pulse with overshoot (a.c. coupled, area App = Aus) 
ap Amplitude (variable from 2 mV to 700 mV) 
ao Overshoot (see text) 
dp Pulse width (variable from 0,1 ms to 2,0 ms) 
to Overshoot time constant (4 ms to 100 ms) 

Rise and fall times of the pacemaker pulse shall not exceed 10 % of dp or 100 µs. 

Figure 201.109 – Pacemaker pulse 
(see 201.12.1.101.12) 

201.12.1.101.13 Rejection of pacemaker pulses  

Disclosure (see subclause 201.7.9.2.9.101 b) 7)) shall be made of whether the ME EQUIPMENT 
rejects all pacemaker pulses having amplitudes (ap) from ±2 mV to ±700 mV and pulse widths 
from 0,1 ms to 2,0 ms. If the ME EQUIPMENT cannot effectively reject pacemaker pulses in this 
range, disclosure shall be made of the range of pulse amplitudes and widths that the 
ME EQUIPMENT can reject. The ME EQUIPMENT'S pacemaker pulse rejection capability shall be 
disclosed for 

a) pacemaker pulses alone of the form shown in Figure 201.109; 
b) pacemaker pulses with a normally paced QRS and T-wave (Figure 201.111); and 
c) pacemaker pulses with an ineffectively paced QRS pattern (Figure 201.112).  

Disclosure of rejection capability also shall be made for (a), (b), and (c) above when an atrial 
pacemaker pulse with identical amplitude and duration precedes a ventricular pacemaker 
pulse by 150 ms to 250 ms.  

If means are provided to disable the pacemaker pulse rejection capability of the 
ME EQUIPMENT, a visible indication shall be displayed to inform the clinical OPERATOR that the 
pacemaker pulse rejection is disabled.  

The applied test signals of Figure 201.109 shall be as follows:  

– method A - test signal a) for pacemaker pulses without overshoot: the overshoot (ao) shall 
be less than 5 % of pacemaker amplitude (0,05 ap in Figure 201.109), and the settling 
time of the overshoot must be less than 5 µs; the rise and fall times shall be 10 % of the 
pulse width, but not greater than 100 µs. The rising edge of the pacemaker pulse shall 
occur between 10 ms and 40 ms before the onset of the QRS complex as outlined in 
Figure 201.111;  

IEC   616/11 
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– method B - test signal b) for pacemaker pulses with overshoot: same signal as specified in 
test signal of method A but the overshoot (a0) shall have recharge time constants (t0) 
between 4 ms and 100 ms.  

Compliance is checked by using the test circuit of Figure 201.114 and the signal generator 
waveform of Figures 201.109, 201.111, 201.112, and 201.113.  

In Figure 201.114 connect LEAD WIRE R (RA) to position P1 and all other LEAD WIRES to 
position P2.  

If the MANUFACTURER’S specifications for the ME EQUIPMENT encompass anything other than 
this particular standard’s full ranges (amplitude = ±2 mV to ±700 mV, duration = 0,1 ms to 
2 ms, and overshoot = 4 ms to 100 ms, as defined by method A and method B), perform the 
following tests using the amplitudes, durations and overshoots specified by the 
MANUFACTURER. 

a) Apply the waveform of Figures 201.109/201.111 to the ME EQUIPMENT input, with QRS 
amplitude (a) in Figure 201.113 set at 1 mV, QRS duration (d) at 100 ms, and from Figure 
201.110, T-wave amplitude (aT) at 0,2 mV, T-wave duration (dT) at 180 ms, QT interval 
(dQT) at 350 ms, and R-R interval at 1 s. Set the amplitude of the pacemaker pulse to 
+2 mV. Adjust the pulse width (dP) to 2 ms.  

b) The GAIN control, if provided, may be adjusted only at this point in the test sequence.  
c) Verify that the indicated heart rate agrees with the values disclosed by the MANUFACTURER.  
d) Remove the QRS and T-wave signal and verify that the indicated heart rates agree with 

those disclosed by the MANUFACTURER.  
e) Repeat the above steps a), c) and d) for pacemaker pulse amplitudes (aP) of –2 mV, 

±100 mV, ±300 mV, ±500 mV, ±700 mV.  
f) Apply the test waveform of Figure 201.112 to the ME EQUIPMENT input with the same 

parameters as in step a) except that the heart rate is set to 30 1/min and the pacing rate 
to 80 1/min (during this test, the heart rate must be such that the pacemaker pulse to drifts 
asynchronously through the ECG waveform).  

g) Apply a pulse with amplitude and duration identical to the ventricular pacemaker pulse, but 
preceding the latter by 150 ms, and repeat steps (a) through (f) with both pacemaker 
pulses present.  

h) Repeat step (g) using an interval of 250 ms instead of 150 ms between pacemaker pulses. 
i) Verify that the indicated heart rate agrees with the values disclosed by the MANUFACTURER.  

j) Repeat steps (f), (g) and h) for aP of –2 mV, ±100 mV, ±300 mV, ±500 mV, and ±700 mV.  
k) Repeat the entire test sequence for pacemaker pulses having the parameters of the 

described test signal (b). The amplitude of the overshoot (a0) may be set based on either 
method A (= 0,025 aP to 0,25 aP, but not to exceed 2 mV, independent of time constant), 
method B (= aPdP/t0), or both.  

NOTE For method B, capacitive coupling may cause the main pulse to sag by an amount equal to the 
overshoot's amplitude. Also, with A-V sequential pacemaker pulses, the overshoot of the ventricular pulse must 
include any residual left over from unsettled overshoot of the atrial pulse. 

l) Repeat tests a) through k) for a pulse width (dP) of 0,1 ms. 
m) If the ME EQUIPMENT behaves differently for the above tests while in different PATIENT 

modes (particularly neonate mode), repeat this test in all PATIENT modes. 

If means are provided that disable the pacemaker pulse rejection capability, activate these 
means and verify display of a visual indication that pacemaker pulse rejection is disabled. 
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Key 
ar Amplitude of QR segment  
as Amplitude of RS undershoot  
aT Amplitude of T-wave  
d Duration of QRS  
dT Duration of T-wave  
dQT Duration of QT segment  

Figure 201.110 – Test waveforms for T-wave rejection 
(see 201.7.9.2.9.101 b)2), 201.12.1.101.13, 201.12.1.101.17) 
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Figure 201.111 – Normal paced rhythm 
(see 201.12.1.101.13 and Figure 201.113 
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Figure 201.112 – Ineffective pacing (heart rate at 30 1/min, pacemaker pulse at 80 1/min) 
(see 201.12.1.101.13) 
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Figure 201.113 – Simulated QRS complex 
(see 201.12.1.101.13, 201.12.1.101.14 and 201.12.1.101.15) 
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Components 

① QRS simulator; output impedance < 1 kΩ and linearity ± 1 %; 1 V peak-to-valley, 40 Hz 

② Pacemaker pulse generator; pulse amplitude 2,5 V, duration 2 ms and frequency of 1,7 Hz 

NOTE Adjust pulse amplitude and duration as specified in 201.12.1.101.12 and 201.12.1.101.13. 

Figure 201.114 – Pacemaker test circuit 

201.12.1.101.14 Synchronizing pulse for cardioversion 

If a pulse is available on a SIGNAL OUTPUT PART in order to synchronize a defibrillator 
discharge, the time interval from the R wave peak to the start of the synchronizing pulse shall 
not be greater than 35 ms. Pulse characteristics of amplitude, duration, shape and output 
impedance shall be disclosed in the ACCOMPANYING DOCUMENTS. 

Check for compliance using the test circuit of Figure 201.105 and the waveform of Figure 
201.113. 

IEC   619/11 

IEC   619//11 

IEC   620/11 

IEC   621/11 
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In Figure 201.105, open switch S1, close switches S and S2 and set S4 to position B. 
Connect the signal generator with the waveform of Figure 201.113 to the R (RA) LEAD WIRE. 
Connect all other LEAD WIRES to the N (RL) LEAD WIRE. Adjust the signal generator to a 
frequency of 1 Hz. Apply QRS amplitudes (a) of 0,5, 2,0 and 5,0 mV sequentially; For each 
amplitude (a) set the QRS duration d to 70 ms, 100 ms, 120 ms and to 40 ms for 
neonatal/paediatric ME EQUIPMENT. 

Verify that the leading edge of the synchronizing pulse output occurs no later than 35 ms from 
the peak of the R wave of the input signal. 

201.12.1.101.15 * Heart rate range, accuracy, and QRS detection range 

ME EQUIPMENT shall be equipped with means to detect and display the heart rate. 

The heart rate display range shall be at least 30 1/min to 200 1/min for adults and 30 1/min to 
250 1/min for neonatal and paediatric use. The accuracy of the detected heart rate shall be 
±10% or ±5 1/min, whichever is greater. ECG input signals at rates that are lower than the 
specified lower display range limit shall not indicate a heart rate greater than this lower limit. 
ECG input signals at rates above the upper limit of the specified display range, up to 
300 1/min for adults and 350 1/min for neonatal and paediatric use shall not detect heart rates 
lower than the specified upper limits. 

The minimum detection range of QRS amplitudes (a  in Figure 201.113) shall be 0,5 mV to 
5 mV for durations of the QRS wave between 70 ms and 120 ms (40 ms and 120 ms for 
neonatal/paediatric ME EQUIPMENT). For ME EQUIPMENT set for adult PATIENTS, the heart rate 
meter shall not respond to ECG signals having a QRS amplitude of 0,15 mV or less, or a 
duration of 10 ms or less with an amplitude of 1 mV. Response to either or both of these types 
of signals is permitted in ME EQUIPMENT set for neonatal/paediatric PATIENTS. 

Check for compliance using the test circuit of Figure 201.105 and the waveform of Figure 
201.113. 

Open switch S1, close switches S and S2 and set S4 to position B. With the signal generator 
apply the waveform of Figure 201.113 to the R (RA) LEAD WIRE with an amplitude (a) of 1 mV. 
For adult use, set the ORS duration (d) to 70 ms and to 120 ms. For neonatal or paediatric 
use, set the QRS duration (d) to 40 ms and 120 ms. Connect all other LEAD WIRES to the 
N (RL) LEAD WIRES. Set the GAIN to 10 mm/mV and the sweep speed to 25 mm/s. 

Slowly vary the input signal heart rate from zero to 30 1/min pausing every 10 1/min to allow 
the displayed heart rate to stabilize. The displayed heart rate for values within the specified 
display range shall be within ± 5 1/min. For input signal rates below the specified low limit, the 
displayed heart rate shall not exceed the specified low limit.. 

Apply a signal rate of 300 1/min, and a signal rate that is one-half the sum of 300 1/min and 
the specified maximum rate. For neonatal/paediatric use, these rates are 350 1/min and a 
signal rate one-half the sum of 350 1/min and the specified maximum rate. The displayed 
heart rate shall not be less than the specified upper limit of the display range. 

Accuracy requirements: 

Vary the input signal rate from 0 1/min to 200 1/min for adult use and to 250 1/min for 
neonatal or paediatric use. Use intermediate input signal rates of 30 1/min, 60 1/min, 
120 1/min, and 180 1/min. The displayed heart rate shall be within ± 10 % or ± 5 1/min, 
whichever is greater, of the input signal rate. 

Repeat the test with amplitudes (a) of the input signal of Figure 201.113, 0,5 mV, 2,0 mV, and 
5,0 mV. For each amplitude (a), set the QRS duration (d) in Figure 201.113 to 70 ms, 100 ms, 
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and to 120 ms for adult use. For neonatal or paediatric use, set the QRS durations (d) to 
40 ms, 80 ms, and 120 ms. 

Repeat the test in adult mode with a QRS amplitude of 0,15 mV and afterwards with a QRS 
duration of 10 ms and a QRS amplitude of 1 mV. 

The accuracy requirements described above shall be met. In adult mode, the ME EQUIPMENT 
shall not count the heart rate when a QRS amplitude of 0,15 mV is applied and when a QRS 
duration of 10 ms and a QRS amplitude of 1 mV is applied. 

Place a sinusoidal voltage of 100 µV peak-to-valley at mains frequency in series with the 
signal generator of Figure 210.105. Set the amplitude (a) of the waveform in Figure 201.113 
to 1 mV and its duration (d) to 100 ms with a repetition rate of 80 1/min. Ensure that the line 
frequency notch filter, if provided, is on for the test. Vary the input signal rates as described 
above. The indicated rate shall meet the accuracy requirements. 

201.12.1.101.16 * Channel height and aspect ratio 

The output display of the ME EQUIPMENT shall accommodate the ECG signals specified in 
201.12.1.101.2, and shall comply with the following additional requirements. 

a) Channel height. ME EQUIPMENT shall provide means to display an ECG signal that meets 
the following requirements. 

 For PERMANENT DISPLAYS, within a vertical space of at least 20 mm per ECG channel. 
 For NON-PERMANENT DISPLAYS, within a vertical space of at least: 

– 10 mm per ECG channel for ME EQUIPMENT with an INTENDED USE that includes transport 
monitoring or being PATIENT worn. 

– 30 mm per ECG channel for ME EQUIPMENT with any other INTENDED USE. 
Other channel height selections may be provided. 

 Compliance is checked as follows: 
 Apply a sinusoidal or triangular test signal at any frequency between 1 Hz and 40 Hz. 

Adjust the input amplitude to produce an output deflection covering the expected full 
channel height of the output display area for the ECG channel being tested. Verify that the 
amplitude is no less than the value indicated above depending on the INTENDED USE for 
that type of PERMANENT DISPLAY or NON-PERMANENT DISPLAY. Repeat this test for each 
provided ECG channel. Verify alternate channel heights in a similar fashion. 

b) Aspect ratio. The aspect ratio of PERMANENT and NON-PERMANENT DISPLAYS shall be 
(0,4 ± 0,08) s/mV, where aspect ratio is defined as the ratio of vertical GAIN (in mm/mV) to 
sweep speed (in mm/s). For ME EQUIPMENT providing several different aspect ratios or 
adjustable aspect ratios, an aspect ratio of (0,4 ± 0,08) s/mV shall be among those 
provided (at 10 mm/mV and 25 mm/s, the aspect ratio is 0,4). 

 Compliance is checked as follows: 
 Apply a 1 mV peak-to-valley sinusoidal or triangular signal at a frequency of 1,0 Hz. 

Measure the amplitude of the displayed signal (A) in mm peak-to-valley. Measure the 
length (B) in mm along the display for one complete waveform cycle. The ratio A/B must 
be 0,4 ± 0,08. 

201.12.1.101.17 Tall T-wave rejection capability 

Disclosure shall be made of the maximum T-wave amplitude (aT) for which heart rate 
indication is within the error limits specified in 201.12.1.101.15. If the maximum T-wave 
amplitude (aT) that can be rejected is affected by bandwidth chosen, also disclose separately 
the maximum T-wave amplitude rejected for each bandwidth. 
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Use a QRS test signal (Figure 201.110) of 1 mV amplitude (a) and 100 ms duration (d), with a 
heart rate of 80 1/min, a T-wave (positive half of a sine wave) duration (dT) of 180 ms, and QT 
interval (dQT) of 350 ms. Allow ME EQUIPMENT to stabilize for at least 20 s before testing.  

201.12.3 Alarm systems 

Addition: 

ME EQUIPMENT shall be equipped with an ALARM SYSTEM as specified in Clause 208 of this 
particular standard. 

201.12.4 Protection against hazardous output 

201.12.4.101.1  Indications on PERMANENT DISPLAYS and NON-PERMANENT DISPLAYS 

ECG related clinical OPERATOR settings that may affect the interpretation of ECG waveforms 
shall be indicated on PERMANENT DISPLAYS and NON-PERMANENT DISPLAYS. At least the 
following settings shall be indicated:  

a) any filter settings;  
b) selected LEAD/S;  
c) GAIN INDICATOR (see 201.12.1.101.9);  
d) sweep speed (on PERMANENT DISPLAYS only); 
NOTE ECG waveforms presented on PERMANENT DISPLAYS appear on a grid (see IEC 60601-2-25 subclause 
201.12.4.109.4.5). 

201.13 HAZARDOUS SITUATIONS and fault conditions 

Clause 13 of the general standard applies. 

201.14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) 

Clause 14 of the general standard applies. 

201.15 Construction of ME EQUIPMENT 

Clause 15 of the general standard applies, except as follows: 

201.15.3.4 Drop test 

Addition: 

201.15.3.4.101 * ELECTRODES and PATIENT CABLES 

ELECTRODES and PATIENT CABLES, which contain electronic components, shall not present a 
HAZARDOUS SITUATION and shall continue functioning normally after falling freely from a height 
of 1 m onto a hard surface. 

Testing need not be performed if examination of the construction and circuit arrangement 
shows that no HAZARDOUS SITUATION is possible and that normal function will not be impaired. 

Compliance is checked by the following test: 

Allow the test sample to fall freely once from each of three different starting attitudes from a 
height of 1 m onto a 50 mm thick hardwood board (for example, hardwood >700 kg/m³), which 
lies flat on a rigid base (concrete block). 
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After this test, no parts shall become accessible that exceed the values of the 
LEAKAGE CURRENTS when touched with the test finger. Cracks not visible to the naked eye and 
surface cracks in fibre-reinforced mouldings and the like shall be ignored. After this test all 
requirements of this particular standard shall be satisfied and the ME EQUIPMENT shall function 
normally. 

201.15.4.4 Indicators 

Addition: 

201.15.4.4.101 Indicator of battery operation and battery status 

ME EQUIPMENT shall visually indicate when it is operating from its INTERNAL ELECTRICAL POWER 
SOURCE, unless it is only INTERNALLY POWERED. 

INTERNALLY POWERED ME EQUIPMENT shall visually indicate its remaining battery capacity when 
operating from its INTERNAL ELECTRICAL POWER SOURCE. 

Compliance is checked by inspection and measurement. 

201.16 ME SYSTEMS 

Clause 16 of the general standard applies. 

201.17 Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS 

Clause 17 of the general standard applies, except as follows: 

See Clause 202. 

202 Electromagnetic compatibility – Requirements and tests 

IEC 60601-1-2:2007 applies except as follows: 

202.5.2.2.2 Requirements applicable to ME EQUIPMENT and ME SYSTEMS other than those 
specified for use only in a shielded location 

Addition: 

ELECTROCARDIOGRAPHIC MONITORING EQUIPMENT and its ACCESSORIES shall not be considered 
LIFE-SUPPORTING ME EQUIPMENT. 

202.6 ELECTROMAGNETIC COMPATIBILITY 

202.6.1 EMISSIONS 

202.6.1.1.2 Tests 
a) PATIENT cables 

Replacement:  

ME EQUIPMENT shall be tested with the PATIENT CABLE/S as specified by the MANUFACTURER 
with all SIP/SOP cables connected to ME EQUIPMENT (see Figure 202.101); the distances of 
SIP/SOP cables between the open end and floor (ground plane) shall be ≥ 40 cm. If the 
MANUFACTURER specifies PATIENT CABLES with different lengths only one representative sample 
of each length has to be tested. 
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The RC network (CP, RP) and the metal plate (7) of Figure 202.101 are not used during 
radiated emissions testing. 

Dimensions in m 
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RP0,05

1

> 1 1 0,5 0,3

≥ 0,4

 

Components 

① Mains cable 

② SIP/SOP cable 

③ Table made of insulating material 

④ ME EQUIPMENT under test 

⑤ PATIENT CABLE 

⑥ Load simulating the PATIENT (51 kΩ in parallel with 47 nF)  
⑦ Metal plate  
  
CP 220 pF 
RP 510 Ω  
  
CP in series with RP simulates the body of the PATIENT.  

The RC network (CP, RP), the load simulating the PATIENT (6), and the metal plate (7) must not be used during 
radiated EMISSIONS testing. 

Figure 202.101 – Test layout for radiated and conducted EMISSION test 
and radiated immunity test 

(see 202.6.1.1.2 a) and 202.6.2.1.10) 

202.6.2 IMMUNITY 

202.6.2.1.10 Compliance criteria 

Addition: 

ME EQUIPMENT shall comply with subclause 6.2.1.10 of IEC 60601-1-2:2007 and the accuracy 
of the detected heart rate shall be ± 10% or ±5 1/min, whichever is greater (see subclause 
201.12.1.101.15) except subclauses 202.6.2.2.1 and 202.6.2.101 in this particular standard. 

202.6.2.2 ELECTROSTATIC DISCHARGE (ESD) 

202.6.2.2.1 Requirements 

Addition: 

IEC   622/11 

Full document details: IEC 60601-2-27 2011

http://avadocuments2026.com/doc/iec-60601-2-27-2011
http://avadocuments2026.com/doc/iec-60601-2-27-2011


 – 44 – 60601-2-27  IEC:2011 

ME EQUIPMENT may show temporary DEGRADATION during discharges. Within 10 s the 
ME EQUIPMENT shall resume normal operation in the previous operating mode, without loss of 
any OPERATOR settings or stored data, and shall continue to perform its intended function and 
maintain ESSENTIAL PERFORMANCE (see 202.6.2.1.10). 

202.6.2.3 Radiated RF electromagnetic fields 

202.6.2.3.1 Requirements 

Addition to item a): 

IMMUNITY TEST LEVEL of 3 V/m applies. 

202.6.2.3.2 Tests 

Addition: 

aa) Any SIGNAL INPUT/OUTPUT PART cable and POWER SUPPLY CORD are arranged generally 
as in Figure 202.102. Maintain distances of ≥ 40 cm between SIP/SOP cables and the 
floor (ground plane). 

bb) Perform the test using the simulated input signal of Figure 201.113 with an 
amplitude (a) of 1 mV, a duration (d) of 100 ms and a heart rate of 100 1/s. 

 

Dimensions in m 

0,05

0,3

EUT
1

2

3

4 5

6

7

> 1 1

≥ 0,4

 

Components 

① Mains cable 

② Signal cable 

③ Table made of insulating material 

④ ME EQUIPMENT under test 

⑤ PATIENT CABLE 

⑥ Load simulating the PATIENT (51 kΩ in parallel with 47 nF)  

⑦ ECG simulator (shielded and, if necessary, low pass filtered, if susceptible to radio frequency interference)  

Figure 202.102 – Set-up for radiated IMMUNITY test 
(see 202.6.2.3.2) 
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202.6.2.4 Electrical fast transients and bursts 

202.6.2.4.1 Requirements 

Addition: 

When exposed to electrical fast transients and bursts, via the POWER SUPPLY CORD, the 
ME EQUIPMENT shall continue to display the heart rate. The accuracy of the displayed heart 
rate shall be ± 10% or ±5 1/min, whichever is greater (see subclause 201.12.1.101.15). 

Testing of PATIENT CABLES and interconnecting cables specified to be more than 3 m in length 
may show temporary DEGRADATION during exposure of fast transients and bursts. Within 10 s 
the ME EQUIPMENT shall resume normal operation in the previous operating mode, without loss 
of any OPERATOR settings or stored data, and shall continue to display the heart rate. The 
accuracy of the displayed heart rate shall be ± 10% or ±5 1/min, whichever is greater (see 
subclause 201.12.1.101.15).  

202.6.2.4.2 Tests 

Addition: 

aa) Position ME EQUIPMENT 0,8 m ± 0,08 m above the reference ground plane. 

bb) Use the power cord provided with the ME EQUIPMENT to connect ME EQUIPMENT to the 
output of the EFT/B generator. 

cc) Perform the test using the simulated input signal of Figure 201.113 with an amplitude (a) 
of 1 mV, a duration (d) of 100 ms and a heart rate of 100 1/s. 

202.6.2.6 Conducted disturbances, induced by RF fields 

202.6.2.6.1 Requirements 

Addition: 

aa) When exposed to a conducted radio frequency voltage, via the POWER SUPPLY CORD, the 
ME EQUIPMENT shall continue to perform its intended function as described in 
202.6.2.1.10. 

bb) *PATIENT CABLES are exempt from this requirement. 

202.6.2.6.2 Tests 

Addition: 

aa) Subclause 6.2.6.2, items c) and e) of IEC 60601-1-2:2007 do not apply. 

Addition: 

202.6.2.101 * Electrosurgery interference 

ECG telemetry systems are excluded from this test.  

Means shall be provided to protect against malfunction caused by electrosurgery. Perform the 
test below, using any PATIENT CABLES, LEAD WIRES, ACCESSORIES or settings recommended by 
the MANUFACTURER. 

When the ME EQUIPMENT is used together with HF SURGICAL EQUIPMENT it shall return to its 
previous operating mode within 10 s after exposure to the field produced by the 
HF SURGICAL EQUIPMENT without loss of any stored data. 
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