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Foreword 

This European Standard was prepared by the CEN/CENELEC Joint Working Group on ACTIVE 
IMPLANTABLE MEDICAL DEVICES (CEN/CLC JWG AIMD).  
The text of the draft was submitted to the formal vote and was approved by CENELEC as EN 45502-2-2 
on 2007-05-01. 
This European Standard, together with EN 45502-2-1:2003, supersedes EN 50061:1988 + A1:1995 
(+ corrigendum October 1995). 
The following dates were fixed: 
– latest date by which the EN has to be implemented 

at national level by publication of an identical 
national standard or by endorsement 

 
 
(dop) 

 
 
2008-10-01 

– latest date by which the national standards conflicting 
with the EN have to be withdrawn 

 
(dow) 

 
2010-05-01 

The requirements of this Particular Standard supplement or modify those of EN 45502-1:1997, active 
implantable medical devices – Part 1: General requirements for safety, marking and information to be 
provided by the manufacturer. 
This European Standard has been prepared by the CEN/CENELEC Joint Working Group on Active 
Implantable Medical Devices (CEN/CLC JWG AIMD). Members of the Joint Working Group were 
nominated by one of the members of either CEN or CENELEC. 
This European Standard has been prepared under mandates given to CEN and CENELEC by the 
Commission of the European Communities and the European Free Trade Association, and supports the 
essential requirements of Directive 90/385/EEC Council Directive of June 1990 on the approximation of 
the laws of the Member states relating to active implantable medical devices. 
Although both this Particular Standard and the Directive deal with the same products, the structure and 
purpose of the two documents are different. Annex AA of this Particular Standard correlates the 
requirements of the Directive with the subclauses of EN 45502-1:1997 and of this Particular Standard. 
Annex BB provides references in the other direction, from this European Standard to the Directive. 
Annex CC is a rationale providing some further explanation of the subclauses of this Particular Standard. 

__________ 

BS EN 45502-2-2:2008
EN 45502-2-2:2008

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 collateral 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. 
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Introduction 

This Particular Standard specifies particular requirements for IMPLANTABLE CARDIOVERTER DEFIBRILLATORS 
and the functions of ACTIVE IMPLANTABLE MEDICAL DEVICES intended to treat tachyarrhythmia, to provide 
basic assurance of safety for both patients and users. 

An external defibrillator is a MEDICAL DEVICE used, in the emergency setting, to deliver a high-energy 
shock to the heart, by means of ELECTRODES applied to the external chest wall, in patients suffering 
ventricular fibrillation (a rapid, disorganized and potentially lethal heart rhythm abnormality), to restore 
normal heart action. External defibrillators may also be used, in emergency or elective settings, to 
terminate other ventricular or atrial tachyarrhythmias by delivery of a high-energy shock, synchronised to 
the intrinsic cardiac rhythm, a procedure known as CARDIOVERSION. In patients known to be at risk of such 
arrhythmias, due to the occurrence of previous episodes or the presence of specific pre-disposing cardiac 
conditions, an IMPLANTABLE CARDIOVERTER DEFIBRILLATOR may be implanted to perform similar functions. 
The implantable device, which is much smaller than an external defibrillator, is contained within a sealed, 
encapsulating enclosure. It generates high voltage PULSES from an enclosed, miniature, electrical battery. 
The PULSES are transmitted to the heart by means of implanted, insulated conductors with ELECTRODES 
(LEADS) The IMPLANTABLE CARDIOVERTER DEFIBRILLATOR may also incorporate other sensing and pacing 
functions, such as rate support for bradycardia and ANTITACHYCARDIA PACING (ATP) to terminate certain 
tachyarrhythmias without the need of a high-energy shock. The defibrillator may be adjusted non-
invasively by means of an electronic device, known as a programmer.  

This Particular Standard is relevant to all parts of ACTIVE IMPLANTABLE MEDICAL DEVICES intended to treat 
tachyarrythmia other than pacing functions to control bradyarrhythmia. Typical examples are IMPLANTABLE 
PULSE GENERATORS, LEADS, ADAPTORS, ACCESSORIES, programmers and the related software. 
(Bradyarrhythmia pacing functions are dealt with in EN 45502-2-1). 

The requirements of this Particular Standard supplement or modify those of EN 45502-1:1997, Active 
Implantable Medical Devices – Part 1: General requirements for safety, marking and for the information to 
be provided by the manufacturer, hereinafter referred to as the General Standard. The requirements of 
this particular standard take priority over those of the General Standard. 

Figures or tables that are additional to those of the General Standard are numbered starting from 101; 
additional annexes are lettered AA, BB, etc. 

Annex DD describes a coding system that may be used to designate tachyarrhythmia therapy modes. 
Annex EE defines the tissue equivalent interface circuits and low pass filter required for some compliance 
tests. Annex FF describes a method for selecting the filter capacitor used in the tissue equivalent 
interface circuits defined by Annex EE. Annex GG defines the method of calibrating the injection network 
defined by Annex EE. All annexes except Annex EE and Annex GG are informative. 

BS EN 45502-2-2:2008
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1 Scope 

This Part 2-2 of EN 45502 specifies requirements that are applicable to IMPLANTABLE CARDIOVERTER 
DEFIBRILLATORS and the functions of ACTIVE IMPLANTABLE MEDICAL DEVICES intended to treat 
tachyarrhythmia. 

The tests that are specified in EN 45502 are type tests and are to be carried out on samples of a device to 
show compliance. 

This part of EN 45502 is also applicable to some non-implantable parts and accessories of the devices 
(see Note 1). 

The characteristics of the IMPLANTABLE PULSE GENERATOR or LEAD shall be determined by either the 
appropriate method detailed in this particular standard or by any other method demonstrated to have 
accuracy equal to, or better than, the method specified. In the case of dispute, the method detailed in this 
Particular Standard shall apply. 

Any aspect of an ACTIVE IMPLANTABLE MEDICAL DEVICE intended to treat bradyarrhythmias is covered by 
EN 45502–2-1 Particular requirements for active implantable medical devices intended to treat 
bradyarrhythmia (Pacemakers). 

NOTE 1 The device that is commonly referred to as an ACTIVE IMPLANTABLE MEDICAL DEVICE may in fact be a single device, a 
combination of devices, or a combination of a device or devices and one or more accessories. Not all of these parts are required to 
be either partially or totally implantable, but there is a need to specify some requirements of non-implantable parts and accessories 
if they could affect the safety or performance of the implantable device. 

NOTE 2 The terminology used in this European Standard is intended to be consistent with the terminology of Directive 
90/385/EEC. 

NOTE 3 In this European Standard, terms printed in small capital letters are used as defined in Clause 3. Where a defined term is 
used as a qualifier in another term, it is not printed in small capital letters unless the concept thus qualified is also defined. 

NOTE 4 Particular requirements for congestive heart failure devices are under consideration. These types of devices are not 
covered by this standard. 

2 Normative references 

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

This clause of the General Standard aplies except as follows: 

Additional references: 

Publication Year Title 

EN 980  Graphical symbols for use in the labelling of medical devices 

EN 28601  Data elements and interchange formats – Information interchange –
Representation of dates and times (ISO 8601 + technical 
corrigendum 1) 

EN 45502-1  Active implantable medical devices – Part 1: General requirements for 
safety, marking and information to be provided by the manufacturer  

EN 45502-2-1  Active implantable medical devices – Part 2-1: Particular requirements 
for active implantable medical devices intended to treat 
bradyarrhythmia (cardiac pacemakers) 
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EN 60068-2-27  Environmental testing – Part 2-27: Tests – Test Ea and guidance: 
Shock (IEC 60068–2–27) 

EN 60068-2-47  Environmental testing – Part 2-47: Tests – Mounting of specimens for 
vibration, impact and similar dynamic tests (IEC 60068-2-47) 

EN 60068-2-64  Environmental testing – Part 2: Test methods – Test Fh: Vibration, 
broad-band random (digital control) and guidance  
(IEC 60068-2-64)  

IEC 60878  Graphical symbols for electrical equipment in medical practice 

ISO 5841-3 
+ corr. 1 

 Implants for surgery - Cardiac pacemakers - Part 3: Low-profile 
connectors (IS-1) for implantable pacemakers 

ISO 11318  Cardiac defibrillators – Connector assembly DF-1 for implantable 
defibrillators – Dimensions and test requirements 

ANSI/AAMI PC69  Active implantable medical devices – Electromagnetic compatibility – 
EMC test protocols for implantable cardiac pacemakers and 
implantable cardioverter defibrillators 

3 Definitions 

This clause of the General Standard applies except as follows: 

Additional definitions: 

3.3.1 
adaptor 
special connector used between an otherwise incompatible IMPLANTABLE PULSE GENERATOR and a LEAD 

3.3.2 
implantable cardioverter defibrillator (ICD) 
ACTIVE IMPLANTABLE MEDICAL DEVICE comprising an IMPLANTABLE PULSE GENERATOR and LEAD(S) that is 
intended to detect and correct tachycardias and fibrillation by application of CARDIOVERSION/-
DEFIBRILLATION PULSE(S) to the heart 

3.3.3 
implantable pulse generator (IPG) 
part of the ACTIVE IMPLANTABLE MEDICAL DEVICE, including the power supply and electronic circuit that 
produces an electrical output 

NOTE For purposes of this Particular Standard, the term IMPLANTABLE PULSE GENERATOR describes any ACTIVE IMPLANTABLE 
MEDICAL DEVICE that incorporates functions intended to treat tachyarrhythmias. 

3.3.4 
sensitivity (sensing threshold) 
minimum signal required to control consistently the function of the IMPLANTABLE PULSE GENERATOR  
[see 6.1.5] 

3.3.5 
sensor 
special part of an IMPLANTABLE PULSE GENERATOR that is designed to detect signals for the purpose of 
RATE MODULATION or other control purposes 

3.5.1 
electrode 
electrically conducting part (usually the termination of a LEAD), which is designed to form an interface with 
body tissue or body fluid 
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3.5.2 
endocardial lead 
LEAD with an ELECTRODE designed to make a contact with the endocardium, or inner surface of the heart 

3.5.3 
epicardial lead 
LEAD with an ELECTRODE designed to make a contact with the epicardium, or outer surface of the heart 

3.5.4 
transvenous 
approach to the heart through the venous system 

3.5.5 
insertion diameter (of a lead) 
minimum bore of a rigid cylindrical tube into which the LEAD (not including the connector) may be inserted 

3.5.6 
lead conductor resistance 
Rc ohmic resistance between the ELECTRODE and the corresponding LEAD connector TERMINAL  
[see 6.2.1 of EN 45502-2-1] 

3.5.7 
lead pacing impedance 
Zp impedance that is formed by the ratio of a voltage PULSE to the resulting current [see 6.2.2 of 
EN 45502-2-1]. The impedance is composed of the ELECTRODE/tissue interface and the LEAD CONDUCTOR 
RESISTANCE 

3.5.8 
lead sensing impedance 
Zs source impedance of a LEAD as seen by an IMPLANTABLE PULSE GENERATOR  
[see 6.2.3 of EN 45502-2-1] 

3.9.1 
model designation 
name and/or a combination of letters and numbers used by a manufacturer to distinguish, by function or 
type, one device from another 

3.9.2 
serial number 
unique combination of letters and/or numbers, selected by the manufacturer, intended to distinguish a 
device from other devices with the same MODEL DESIGNATION 

3.20.1 
beat 
ordered spontaneous activity of the heart 

3.20.2 
pulse 
electrical output of an IMPLANTABLE PULSE GENERATOR other than CD PULSE [see 3.3.5] intended to 
stimulate the myocardium 

3.20.3 
pulse amplitude 
amplitude of the PULSE measured according to the procedure in 6.1.1 of EN 45502-2-1 
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3.20.4 
pulse duration 
duration of the PULSE, measured between two reference points specified in this Particular Standard  
[see 6.1.1 of EN 45502-2-1] 

3.20.5 
pulse interval 
interval between equivalent points of two consecutive PULSES  
[see 6.1.1 of EN 45502-2-1] 

3.20.6 
basic pulse interval 
PULSE INTERVAL in absence of sensed cardiac or other electrical influence 

3.20.7 
automatic sensitivity control 
automatic adjustment of the SENSITIVITY in response to available physiological signals 

3.21.1 
beginning of service; BOS 
when an individual IMPLANTABLE PULSE GENERATOR is first released by the manufacturer as fit for being 
placed on the market 

3.21.2 
end of service; EOS 
when the PROLONGED SERVICE PERIOD has elapsed and no further pacing function is specified nor can be 
expected 

3.21.3 
prolonged service period; PSP 
period beyond the RECOMMENDED REPLACEMENT TIME during which the IMPLANTABLE PULSE GENERATOR 
continues to function as specified by the manufacturer  
[EN 45502-2-1, 3.20.4, modified] 

3.21.4 
power source indicator 
means of indicating the electrical status of the power source during the IMPLANTABLE PULSE GENERATOR’S 
service life 

3.21.5 
recommended replacement time; RRT 
when the POWER SOURCE INDICATOR reaches the value set by the manufacturer of the IMPLANTABLE PULSE 
GENERATOR for its recommended replacement. This indicates entry into the PROLONGED SERVICE PERIOD 

3.21.6 
use-before-date 
date after which the manufacturer recommends that the ACTIVE IMPLANTABLE MEDICAL DEVICE should not be 
implanted 

3.22.1 
antitachycardia pacing; ATP 
cardiac pacing sequences intended to terminate re-entry tachycardias 

3.22.2 
arrhythmia detection interval 
interval below which the IMPLANTABLE PULSE GENERATOR will classify a rhythm as a tachyarrhythmia 
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3.22.3 
atp only device 
IMPLANTABLE PULSE GENERATOR capable of delivering rapid sequences of pacing PULSES to terminate 
ventricular (VT) and atrial (AT) tachycardia and atrial fibrillation (AF) 

3.22.4 
cardioversion 
termination of atrial tachyarrhythmia or ventricular tachycardia by PULSE(S) synchronized to cardiac 
events 

3.22.5 
cardioversion/defibrillation pulse (CD pulse) 
high energy mono-phasic, biphasic, or multiphasic PULSE intended to restore normal rhythm by shocking 
the heart 

3.22.6 
capacitor formation 
any charge to maximum-programmed energy that dissipates off the capacitors (is not dumped) for at least 
ten min 

3.22.7 
cardioversion/defibrillation lead (CD lead) 
LEAD used to conduct a CD PULSE from the IMPLANTABLE PULSE GENERATOR to the heart 

3.22.8 
charge time 
the time required to charge the high voltage capacitors to a specified CD PULSE ENERGY 

3.22.9 
delivered cardioversion/defibrillation pulse energy (delivered CD pulse energy) 
total energy delivered to a standard load (50 Ω) by all phases of a CD PULSE, measured according to 6.1.3 

3.22.10 
defibrillation 
termination of fibrillation 

3.22.11 
ICD output voltage 
peak voltage of the CARDIOVERSION/DEFIBRILLATION PULSE(S), measured according to 6.1.2 

3.22.12 
terminal 
electrically separate conductive device connection 

4 Symbols and abbreviations (optional) 

This clause of the General Standard applies. 

5 General requirements for non-implantable parts 

This clause of the General Standard applies. 
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6 (Vacant) 

Replacement: 

6 Measurement of IMPLANTABLE PULSE GENERATOR and LEAD characteristics 

6.1 Measurement of IMPLANTABLE PULSE GENERATOR characteristics 

The values of the electrical characteristics for the IMPLANTABLE PULSE GENERATOR measured in 
accordance with the methods described in this clause shall be within the range of values stated by the 
manufacturer in the accompanying documentation [see 28.8.2]. 

CAUTION The tests in this subclause may employ the use of high voltage. Failure to use safe laboratory practices may 
result in severe electrical shock, resulting in personal injury or death to the persons handling the equipment or conducting 
the test. Also damage to electrical equipment is possible. 

The measurements shall be made with the IMPLANTABLE PULSE GENERATOR at a temperature of 
37 ºC ± 2 ºC. 

The overall measurement accuracy for each test shall be within the limits ± 5 %. 

6.1.1 Measurement of the bradyarrhythmia characteristics 

Measurement of the bradyarrhythmia characteristics of the IMPLANTABLE PULSE GENERATOR shall be 
performed using the appropriate methods specified in 6.1 of EN 45502-2-1. The bradyarrhythmia 
characteristics shall be measured with the tachyarrhythmia therapies inactivated. 

6.1.2 Measurement of ICD OUTPUT VOLTAGE 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Procedure: Use an oscilloscope, with input impedance of nominal 1 MΩ, ≤ 30 pF. 

 

Figure 101 – Measurement of CD PULSE characteristics 

The IMPLANTABLE PULSE GENERATOR shall be connected to the oscilloscope as shown in Figure 101. 
TERMINALS of the IMPLANTABLE PULSE GENERATOR intended to deliver a CD PULSE shall be connected to a 
low inductance load of 50 Ω ± 1 % (RA). Other inputs/outputs shall be connected to loads of 
500 Ω ± 5 % (RB). The oscilloscope shall be adjusted to display one phase of the CD PULSE. 

The IMPLANTABLE PULSE GENERATOR shall be programmed to the maximum CD PULSE ENERGY setting. 
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The ICD OUTPUT VOLTAGE (Vmax) shall be determined by recording the peak amplitude of the voltage across 
the resistor RA [see Figure 101 and Figure 102]. 

The procedure shall be repeated for each type of CD PULSE (i.e. monophasic, biphasic waveform). 

The entire procedure shall be repeated for the other required CD PULSE ENERGY settings  
[see 28.8.2 d) 2)]. 

The results shall be expressed in volts (V) and shall be within the tolerance of disclosed data [see  
28.8.2 d) 2)]. 

 

Figure 102 – Measurement of ICD OUTPUT VOLTAGE 

6.1.3 Measurement of delivered CD PULSE ENERGY 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Procedure: Use the oscilloscope and measurement set-up specified in 6.1.2. 

The oscilloscope shall be adjusted to display one CD PULSE. The IMPLANTABLE PULSE GENERATOR shall be 
programmed to deliver the maximum CD PULSE ENERGY setting. 

The CD PULSE shall be determined by recording the voltage waveform V(t) [see Figure 102] across the 
resistor RA [see Figure 101]. The delivered CD PULSE ENERGY, W, shall be calculated by applying the 
equation: 

p

A

2

0

( )= ∫
T V tW dt

R
 

where: 

Tp = Duration (all phases) of the CD PULSE  
V(t) = Instantaneous voltage 

RA = 50 Ω 

For devices with more than two output TERMINALS, the delivered CD PULSE ENERGY (W) shall be determined 
by the sum of the energies delivered from each TERMINAL, as measured by the manufacturer’s disclosed 
method. 

The entire procedure shall be repeated for the other required CD PULSE energy settings  
[see 28.8.2 d) 2)]. 

The result shall be expressed in Joules (J) and shall be within the tolerance of disclosed data  
[see 28.8.2 d) 2)]. 
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6.1.4 Measurement of the anti-tachyarrhythmia pacing PULSE AMPLITUDE 

The low voltage anti-tachyarrhythmia pacing PULSE AMPLITUDE of an IMPLANTABLE PULSE GENERATOR shall 
be measured with the device set in the as shipped mode or as recommended by the manufacturer using 
the procedure in 6.1.1 of EN 45502-2-1. 

6.1.5 Measurement of the SENSITIVITY of an IMPLANTABLE PULSE GENERATOR with AUTOMATIC 
SENSITIVITY CONTROL 

The lowest (most sensitive) SENSING THRESHOLD for both positive and negative polarities shall be 
measured using a method as specified by the manufacturer [see 28.8.2 d) 4)]. 

6.1.6 CHARGE TIME 

NOTE This clause does not apply to ATP ONLY DEVICES. 

The values of typical CHARGE TIMES (when the capacitors are fully formed) for maximum CD PULSE ENERGY 
shall be disclosed at BOS and at RRT, as a minimum [see 28.8.2.d) 5)]. 

6.1.7 CAPACITOR FORMATION (capacitor maintenance) 

NOTE This clause does not apply to ATP ONLY DEVICES. 

If applicable the manufacturer shall provide instructions for periodic CAPACITOR FORMATION to be 
performed at least in connection with patient follow up sessions, unless the IMPLANTABLE PULSE 
GENERATOR provides a feature of fully automatic CAPACITOR FORMATION. 

6.2 Measurement of the electrical characteristic of a sensing/pacing LEAD 

The values of the electrical characteristics of any sensing/pacing LEAD of the IMPLANTABLE CARDIOVERTER 
DEFIBRILLATOR measured in accordance with the appropriate method specified in 6.2 of EN 45502-2-1 
shall be within the range of values stated by the manufacturer in the accompanying documentation [see 
28.8.3]. 

7 General arrangement of the packaging 

This clause of the General Standard applies except as follows: 

Additional subclause: 

7.3 The IMPLANTABLE PULSE GENERATOR shall be shipped with the ANTITACHYCARDIA PACING and/or 
CARDIOVERSION and/or DEFIBRILLATION inactivated. 

Compliance shall be confirmed by inspection. 

NOTE When CARDIOVERSION and/or DEFIBRILLATION are inactivated the IMPLANTABLE PULSE GENERATOR is not capable of 
delivering any CD PULSE(S). 

8 General MARKINGS for ACTIVE IMPLANTABLE MEDICAL DEVICES 

This clause of the General Standard applies. 
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9 MARKINGS on the SALES PACKAGING 

This clause of the General Standard applies except as follows: 

9.4 

Additional subclauses: 

9.4.1 The SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR shall bear a list of the 
tachyarrhythmia therapies available. 

Compliance shall be confirmed by inspection. 

9.4.2 The SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR shall bear a statement that 
PULSE generator’s tachyarrhythmia therapies, as shipped, are inactive. 

NOTE 1 See 7.3 for the shipping requirements for Antitachycardia Pacing, Cardioversion and Defibrillation. 

NOTE 2 For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

Compliance shall be confirmed by inspection. 

9.4.3 If applicable, the SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR shall bear a 
description of the most comprehensive bradyarrhythmia pacing mode available and the mode as shipped. 

NOTE Instead of describing the bradyarrhythmia pacing mode in words, the mode codes defined in Annex DD of EN 45502-2-1 
may be used in the MARKINGS and accompanying documentation to designate the bradyarrhythmia pacing mode of the IMPLANTABLE 
PULSE GENERATOR. 

Compliance shall be confirmed by inspection. 

9.4.4 If applicable, the SALES PACKAGING containing a LEAD shall bear the information required by 9.4.2 
of EN 45502-2-1. 

Compliance shall be confirmed by inspection. 

9.7 

Replacement: 

9.7 The SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR, LEAD, ADAPTOR, or other 
sterile part shall bear the USE-BEFORE-DATE, presented in the sequence: year, month, and, if appropriate, 
day; expressed as numerals as specified in EN 28601. 

Compliance shall be confirmed by inspection. 

9.9 

Replacement: 

9.9 If the intended use of an implantable part of an ACTIVE IMPLANTABLE MEDICAL DEVICE enclosed 
within the SALES PACKAGING requires that it be connected to other devices or accessories not included in 
the package, the SALES PACKAGING shall identify the connector type (pace/sense, CARDIOVER-
SION/DEFIBRILLATION, etc.), the configuration (unipolar, bipolar, etc.), and the connector geometry (lengths 
and diameters in millimetres or reference to published standards). 

Compliance shall be confirmed by inspection. 
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Additional subclause: 

9.12 The SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR shall be marked with the 
symbol for ‘dangerous voltage’ (see symbol 03-01 in IEC 60878). 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Compliance shall be confirmed by inspection. 

10 Construction of the SALES PACKAGING 

This clause of the General Standard applies. 

11 MARKINGS on the STERILE PACK 

This clause of the General Standard applies except as follows: 

Additional subclauses: 

11.10 The STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall list the tachyarrhythmia 
therapies available. 

Compliance shall be confirmed by inspection. 

11.11 The STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall bear a statement that the 
tachyarrhythmia therapies of the IMPLANTABLE PULSE GENERATOR as shipped, are inactive. 

NOTE 1 See 7.3 for the shipping requirements for antitachycardia pacing, cardioversion and defibrillation. 

NOTE 2 For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

Compliance shall be confirmed by inspection. 

11.12 If applicable, the STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall bear a 
description of the most comprehensive bradyarrhythmia pacing mode available and the mode as shipped. 

NOTE Instead of describing the bradyarrhythmia pacing mode in words, the mode codes defined in Annex DD of EN 45502-2-1 
may be used in the MARKINGS and accompanying documentation to designate the bradyarrhythmia pacing mode of the IMPLANTABLE 
PULSE GENERATOR. 

Compliance shall be confirmed by inspection. 

11.13 The STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall be marked with the symbol 
for ‘dangerous voltage’ [see symbol 03-01 in IEC 60878]. 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Compliance shall be confirmed by inspection. 

12 Construction of the NON-REUSABLE PACK 

This clause of the General Standard applies. 
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13 MARKINGS on the ACTIVE IMPLANTABLE MEDICAL DEVICE 

This clause of the General Standard applies except as follows. 

13.1 

Delete and replace with additional subclauses: 

13.1.1 Each IMPLANTABLE PULSE GENERATOR shall be permanently marked with the name or trademark 
of the manufacturer, the MODEL DESIGNATION and the SERIAL NUMBER. 

If there is more than one input/output connector, then each connector shall be identified by a MARKING 
[see 28.8.2 a)]. 

Compliance shall be confirmed by inspection. 

13.1.2 Each LEAD and, if practicable and appropriate, each ADAPTOR shall be permanently and visibly 
marked with an identification of the manufacturer, the MODEL DESIGNATION, and the SERIAL NUMBER or 
when appropriate the batch number. 

NOTE The MODEL DESIGNATION may be incorporated into the batch or SERIAL NUMBER. 

Compliance shall be confirmed by inspection. 

13.3 

Replacement: 

13.3 IMPLANTABLE PULSE GENERATORS shall incorporate a code by which the device and the 
manufacturer can be unequivocally identified particularly with regard to the MODEL DESIGNATION. It shall be 
possible to read this code, when necessary, without the need for a surgical operation, using equipment 
generally available to the physician. 

NOTE The MARKINGS identifying the manufacturer and the MODEL DESIGNATION of the IMPLANTABLE PULSE GENERATOR may be in 
the form of radio-opaque figures or letters. 

Compliance is checked by a procedure defined by the manufacturer in the accompanying documentation 
[see 28.6 of EN 45502-1]. 

14 Protection from unintended biological effects being caused by the ACTIVE 
IMPLANTABLE MEDICAL DEVICE 

This clause of the General Standard applies, except as follows: 

14.2 

Replacement: 

14.2 Any part of the active IMPLANTABLE MEDICAL DEVICE, intended in normal use to be in contact with 
body fluids, shall cause no unacceptable release of particulate matter when the device is used as 
intended by the manufacturer. 
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Test: The active IMPLANTABLE MEDICAL DEVICE shall be removed aseptically from the NON-REUSABLE PACK. 
The implantable part shall be immersed in a bath of saline solution, approximately 9 g/l and suitable for 
injection, in a neutral glass container. The volume of the saline in millilitres shall be 5 ± 0,5 times the 
numerical value of the surface area of the implantable part expressed in cm2. The container shall be 
covered with a glass lid and maintained at 37 ºC ± 2 ºC for between 8 h and 18 h, the bath being agitated 
throughout the period. A reference sample of similar volume shall be prepared from the same batch of 
saline, maintained and agitated in a similar way to the specimen. A sample of liquid from the specimen 
bath and from the reference bath shall be compared using apparatus suitable for measurement of particle 
size, such as apparatus operating on the light blockage principle [see method 2.9.29 of the European 
Pharmacopoeia] or the electrical zone sensing principle [the Coulter principle, see Appendix XIII of the 
British Pharmacopoeia]. 

Compliance shall be confirmed if the excess average count of particles from the specimen compared to 
the reference sample does not exceed 100 per ml greater than 5,0 µm and does not exceed 5 per ml 
greater than 25 µm. 

15 Protection from HARM to the patient or user caused by external physical features of 
the ACTIVE IMPLANTABLE MEDICAL DEVICE 

This clause of the General Standard applies. 

16 Protection from HARM to the patient caused by electricity 

This clause of the General Standard applies except as follows: 

16.2 

Replacement: 

16.2 Except for its intended function, an IMPLANTABLE PULSE GENERATOR when in use shall be 
electrically neutral. No d.c. leakage current of more than 1 µA shall occur in any of the current pathways 
of the CD LEAD TERMINALS and the case and no more than 0,1 µA in the current pathways of any other 
TERMINAL. 

CAUTION Care must be taken to ensure that the high-voltage capacitors are discharged. Failure to use safe laboratory 
practices may result in severe electrical shock, resulting in personal injury or death to the persons handling the equipment 
or conducting the test. 

NOTE 1 For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

Test: Use a d.c. voltmeter, having a resolution of at least 2 µV, fed through a low pass filter with a time 
constant (τ) of at least 10 s. 

NOTE 2 As an example this low pass filter (LP-filter) can be implemented by a four element low pass RC filter with the elements 
built from 100 kΩ resistors and 10 µF metalised polyester capacitors. The input resistance of the d.c. voltmeter should then be 
≥ 40 MΩ. 
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Figure 103 – Test set-up for measurement of electrical neutrality 

The tachyarrhythmia therapy functions of the IMPLANTABLE PULSE GENERATOR shall be inactive during the 
test, and, if applicable, the high-voltage capacitors shall be discharged. If the therapeutic function of the 
IMPLANTABLE PULSE GENERATOR includes bradyarrhythmia pacing, the IMPLANTABLE PULSE GENERATOR shall 
be set to the nominal settings recommended by the manufacturer (i.e., factory recommended settings) 
and the PULSE AMPLITUDE and PULSE DURATION shall be programmed to the highest available settings. 

Each electrically conductive part of the IMPLANTABLE PULSE GENERATOR in contact with body tissue when 
the device is implanted shall be identified and connected to a common bus through load resistors RL of 
500 Ω ± 1 % [see Figure 103]. 

Measure the average direct voltage across each of the load resistors [see Figure 103]. Steady state 
conditions shall be reached before the measurement is made. 

Compliance shall be confirmed if the absolute value of the potential across each resistor RL is less than 
0,5 mV for any CD LEAD TERMINAL and the IPG-case, and less than 50 µV for any other conductive 
pathway. 

16.3 Not applicable. 

Additional subclauses: 

16.4 Except for the intended bradyarrhythmia pacing functions, the a.c. leakage current (r.m.s.) 
delivered through each LEAD shall not create an UNACCEPTABLE HAZARD of fibrillation during charging of 
the capacitors in the IMPLANTABLE PULSE GENERATOR. 

CAUTION The following test may produce high-voltage shocks. Failure to use safe laboratory practices may result in 
severe electrical shock, resulting in personal injury or death to the persons handling the equipment or conducting the test. 
Also damage to electrical equipment is possible. 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Test: Use a true r.m.s. voltmeter, 1 Hz - 1 MHz, sampling period ≤ 1 s, input impedance ≥ 1 MΩ, fed via 
band pass filter (BP-filter) defined by Figure 104, with Cs = 15 µF ± 5%, Rp = 1 kΩ ± 1%, 
Rs = 10 kΩ ± 1 %, and Cp = 0,015 µF ± 5 %. (All resistors shall be low inductance types). 

Any bradyarrhythmia pacing output available from the IMPLANTABLE PULSE GENERATOR shall be 
suppressed during the test. 

Each electrically conductive part of the IMPLANTABLE PULSE GENERATOR in contact with body tissue when 
the device is implanted shall be identified and connected to a common bus through separate 100 Ω ± 1 % 
resistors, RL as shown in Figure 105. (All resistors RL shall be 25 W low inductance types). 
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Figure 104 – Band pass filter for a.c. leakage current measurement 

 

 

Figure 105 – Test set up for measurement of a.c. leakage current 

Measure the r.m.s. voltage across each resistor RL, [see Figure 105] while the output capacitors in the 
IMPLANTABLE PULSE GENERATOR are charged to deliver the maximum energy CD PULSE. 

Compliance shall be confirmed if the r.m.s. value across each resistor RL is no more than 1 mV r.m.s. 
during each charging cycle. 

16.5 The d.c. leakage current from an IMPLANTABLE PULSE GENERATOR with charged high-voltage 
capacitors shall not create an UNACCEPTABLE HAZARD of fibrillation. 

CAUTION The following test may produce high-voltage shocks. Failure to use safe laboratory practices may result in 
severe electrical shock, resulting in personal injury or death to the persons handling the equipment or conducting the test. 
Also damage to electrical equipment is possible. 

NOTE This clause does not apply to ATP ONLY DEVICES. 

Test: Use a d.c. voltmeter, input impedance ≥ 1 MΩ which has demonstrated overall measurement 
accuracy of better than ± 10 %. 

The test shall be performed with the IMPLANTABLE PULSE GENERATOR at a temperature of 37 ºC ± 2 ºC and 
any bradyarrhythmia pacing output available from the IMPLANTABLE PULSE GENERATOR shall be 
suppressed. 

Each electrically conductive part of the IMPLANTABLE PULSE GENERATOR in contact with body tissue when 
the device is implanted shall be identified and connected to a common bus through separate 100 Ω ± 1 % 
resistors, RL. (All resistors RL shall be 25 W low inductance types.) 
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The IMPLANTABLE PULSE GENERATOR shall be caused to charge ready to deliver a maximum energy 
DEFIBRILLATION PULSE. With the IMPLANTABLE PULSE GENERATOR held in the charged state, measure the d.c. 
current through each resistor RL in turn. 

Compliance shall be confirmed if the voltage measured across each RL is less than 10 mV for any 
CD LEAD TERMINAL and the IPG-case, and less than 1 mV for any other conductive pathway. 

17 Protection from HARM to the patient caused by heat 

This clause of the General Standard applies except as follows: 

17.1 

Replacement: 

17.1 No outer surface of IMPLANTABLE PULSE GENERATOR shall be greater than 2 °C above the normal 
surrounding body temperature of 37 °C. Temperature increase from 2 up to 4 ºC are allowed for not more 
than 30 min when implanted and the ACTIVE IMPLANTABLE MEDICAL DEVICE is in normal operation. 

For other implanted parts of the ACTIVE IMPLANTABLE MEDICAL DEVICE and ATP ONLY DEVICES, the General 
Standard applies. 

NOTE The single fault condition for temperature rise is covered by the requirement in 19.3 of EN 45502-1. 

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer, 
supported by the manufacturer's calculations, measurements and data from test studies as appropriate. 

18 Protection from ionizing radiation released or emitted from the ACTIVE IMPLANTABLE 
MEDICAL DEVICE 

This clause of the General Standard applies. 

19 Protection from unintended effects caused by the device 

This clause of the General Standard applies except as follows: 

19.2 

Replacement: 

19.2 If the implantable part of an ACTIVE IMPLANTABLE MEDICAL DEVICE contains one or more power 
sources, such as batteries, the ACTIVE IMPLANTABLE MEDICAL DEVICE shall provide advanced warning when 
depletion of any single power source will significantly limit the future availability of therapeutic functions, 
e.g. bradyarrhythmia pacing, ATP, post shock pacing. 

The PROLONGED SERVICE PERIOD in normal use shall be at least three months under the most severe of the 
following conditions that is applicable: 

1) The IMPLANTABLE PULSE GENERATOR monitoring (no pacing) and delivering 6 thirty Joules or 
maximum energy (whichever is less) CD PULSES into a 50 Ω ± 1 % load. The CD PULSES shall 
be spaced uniformly over the three month period and the last CD PULSES being delivered at 
the end of the period; or 
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2) the IMPLANTABLE PULSE GENERATOR pacing 100 % with the manufacturer’s nominal conditions 
and delivering 3 thirty Joules or maximum energy (whichever is less) CD PULSES into a 
50 Ω ± 1 % load. The CD PULSES shall be spaced uniformly over the three-month period and 
the last CD PULSES being delivered at the end of the period. 

NOTE 1 For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer, 
supported by the manufacturer's calculations and data from test studies as appropriate. 

The manufacturer shall provide suitable measures, instructions and/or tools to the physicians on the 
appropriate follow up period so that RRT (or the status within PSP) will be reliably detected. 

NOTE 2 In some European countries the national cardiology society has follow up guidelines based on state of the art of medical 
practice that should be taken into consideration 

Additional subclause:  

19.5 The IMPLANTABLE PULSE GENERATOR shall be designed so that the implantable defibrillator 
OUTPUT VOLTAGE shall not permanently affect the device, provided the warning about hazardous 
positioning of ELECTRODES in 28.11.2 is respected. 

CAUTION The following test employs the use of high voltage. Failure to use safe laboratory practices may result in 
severe electrical shock, resulting in personal injury or death to the persons handling the equipment or conducting the test. 

NOTE 1 This clause does not apply to ATP ONLY DEVICES. 

Test: The IMPLANTABLE PULSE GENERATOR shall be connected to deliver CD PULSES to a potential divider 
network of low inductance, 5 % tolerance resistors of 12,5 Ω (RL1) and 25 Ω (RL2) as shown in Figure 106. 
If the IMPLANTABLE PULSE GENERATOR has more than two defibrillator output TERMINALS, all positive 
TERMINALS shall be connected to CD(+) and all negative TERMINALS shall be connected to CD(-). 

 

Figure 106 – Test set-up for checking internal DEFIBRILLATION protection 

The IMPLANTABLE PULSE GENERATOR shall be programmed to deliver maximum energy CD PULSES. The 
potential divider is tapped to feed test point A directly and to feed test points B-E through separate 
250 Ω ± 5 % resistors (Rs) [see Figure 106]. 

Two maximum-energy CD PULSES are delivered at each of eight configurations defined by Table 101. 

NOTE 2 For single channel devices, configurations 3,4,5 and 6 are not applicable. 
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NOTE 3 If the IMPLANTABLE PULSE GENERATOR case is a CD TERMINAL, then configurations 7 and 8 are not applicable. 

Table 101 – Connection sequence 

Configuration A B C D E 

1  Vring Aring Vtip Atip 

2  Vtip Atip Vring Aring 

3  Atip Aring Vtip Vring 

4  Vtip Vring Atip Aring 

5  Vring Atip Vtip Aring 

6  Vtip Aring Vring Atip 

7 All P/S a  Case    

8 Case All P/S a     
a All P/S = all pacing/sensing TERMINALS connected together through separate 250 Ω ± 5 % 

resistors. 

Compliance shall be confirmed, if after all applicable test cases have been completed the IMPLANTABLE 
PULSE GENERATOR functions as prior to the test without further adjustment. 

20 Protection of the device from damage caused by external defibrillators 

This clause of the General Standard applies except as follows. 

20.2 

Replacement: 

NOTE For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

20.2 The IMPLANTABLE PULSE GENERATOR shall be designed so that external DEFIBRILLATION of the 
patient will not permanently affect the device, provided that the external defibrillator ELECTRODE does not 
come in direct contact with the implanted part and are placed according to the manufacturer's 
recommendations. 

Test 1 and Test 2, as described below, have to be performed. 

Test 1: 

Test equipment: Use a resistor network circuit defined by Figure 110 [with parameters as in Table 102] 
and a DEFIBRILLATION PULSE generator providing a damped sinus waveform with the following 
characteristics: 

1,5 ms < Tp < 2,5 ms; 3 ms < Tw50 < 5,5 ms. 

NOTE Tp designates the time interval from start of the DEFIBRILLATION PULSE to the maximum value of the test voltage Vtest; Tw50 
designates the time interval during which the test voltage is above the 50 % level of the maximum value of Vtest [see Figure 107]. In 
Figure 107 a typical DEFIBRILLATION waveform is shown, which can be generated using an RLC circuit as shown in Figure 108 using 
the following component values, C = 330 µF, L = 13,3 mH and R = 12 Ω. 
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Figure 107 – Damped sinus DEFIBRILLATION waveform 

Figure 108 below illustrates an example schematic of a DEFIBRILLATION PULSE generator, where RL is the 
resistance of the inductance (L) in Ohms and RG is the DEFIBRILLATION PULSE generator output resistance 
in Ohms. 

 

Figure 108 – RCL circuit for generating a damped sinus DEFIBRILLATION waveform 

Test procedure (Test 1): Connect the output A of the DEFIBRILLATION PULSE generator to terminal A of the 
resistor network shown in Figure 110 (using parameters as in Table 102) and connect the output B of the 
DEFIBRILLATION PULSE generator to terminal B of the resistor network. Adjust the maximum PULSE 
AMPLITUDE of the DEFIBRILLATION PULSE (Vtest) at the output of the DEFIBRILLATION PULSE generator to 380 V 
+ 5 – 0 %. 

Connect the case TERMINAL of the IMPLANTABLE PULSE GENERATOR to the terminal I of the resistor network 
[Figure 110]; connect the other TERMINALS of the IMPLANTABLE PULSE GENERATOR, as applicable, to the 
following terminals of the resistor network [Figure 110]: connect CD(+) to C; Vtip to D, Vring to E; Atip to F; 
Aring to G and CD(-) to H. 

Test the device by applying a sequence of three voltage PULSES of positive polarity at 20 – 25 s intervals. 
Then after an interval of minimum 60 s repeat the test with PULSES of negative polarity (for timing 
sequence see Figure 109). 
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Figure 109 – Timing sequence used for DEFIBRILLATION test 

 

 

Figure 110 – Resistor network for Test 1 and Test 2 

Table 102 – Component values for resistor network shown in Figure 110 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

50 Ω 800 Ω 400 Ω 800 Ω 400 Ω 50 Ω 5 Ω 5 Ω 25 Ω 30 Ω 

All resistors shall be ± 5 %. 

Test 2: 

Test equipment: Use the resistor network circuit defined by Figure 110 [with parameters as in Table 102]; 
a DEFIBRILLATION PULSE generator providing a truncated exponential waveform with a PULSE DURATION of 
10 ms ± 0,5 ms. Figure 111 below illustrates an example schematic of a DEFIBRILLATION PULSE generator 
for truncated exponential waveform with C1 = 150 ± 50 µF, and two coupled switches S1 and S2. 

A monophasic, truncated exponential waveform with duration of Td = 10 ms ± 0,5 ms will be generated 
between output A and B by activating the coupled switches S1 from left to right position during a time 
period of Td. 
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A biphasic, truncated exponential waveform is accomplished by changing position of the coupled 
switches S2 during the ongoing PULSE after a time of Td/2 (S2 position altered after nominally 5 ms). The 
initial position of the coupled switches S2 determines the initial polarity of the output PULSE. 

 

Figure 111 – Test setup for truncated exponential DEFIBRILLATION waveform 

The timing parameters of the test voltage for the truncated exponential waveform shall be within the 
values shown in Table 103 below [see also Figure 112]. 

Table 103 – Timing parameters of test signal for Test 2 

Waveform PULSE DURATION 
Td 

Risetime 
tr 

Falltime 
tf 

Commutation time
tc  

Monophasic 9,5 ms <Td< 10,5ms 1 µs <tr< 5 µs 1 µs < tf < 5 µs Not applicable 

Biphasic 9,5 ms <Td< 10,5ms 1 µs < tr < 5 µs 1 µs < tf  < 5 µs tc ≤ 2 ms 

 

 

Figure 112 – Biphasic DEFIBRILLATION waveform for Test 2 

Test procedure (Test 2): Connect output A of the DEFIBRILLATION PULSE generator to TERMINAL A of the 
resistor network shown in Figure 110 (using parameters as in Table 102); connect output B of the 
DEFIBRILLATION PULSE generator to TERMINAL B of the resistor network. Adjust the maximum PULSE 
AMPLITUDE of the DEFIBRILLATION PULSE (V

test
) at the output of the DEFIBRILLATION PULSE generator to 

270 V + 5 % - 0 %. 
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Connect the case TERMINAL of the IMPLANTABLE PULSE GENERATOR to the TERMINAL I of the resistor network 
[Figure 110]; connect the other TERMINALS of the IMPLANTABLE PULSE GENERATOR, as applicable, to the 
following TERMINALS of the resistor network: 

CD(+) to C; Vtip to D, Vring to E; Atip to F; Aring to G and CD(-) to H. 

Test the device by applying a sequence of three monophasic voltage PULSES of positive polarity at 
20 - 25 s intervals. Then after an interval of minimum 60 s repeat the test with PULSES of negative polarity 
[for timing sequence see Figure 109]. 

Repeat the test by using biphasic voltage PULSES. 

Compliance shall be confirmed if after performing the complete procedure (Test 1 and Test 2 above), the 
device is not permanently affected and the settings are recoverable through reprogramming. 

21 Protection of the device from changes caused by high power electrical fields 
applied directly to the patient 

This clause of the General Standard applies except as follows: 

Additional subclause: 

21.2 Protection of the device from damage caused by HF surgical exposure 

NOTE For ATP ONLY DEVICES, the CD TERMINALS part of the requirement is not applicable. 

The IMPLANTABLE PULSE GENERATOR shall be designed so that stray, high frequency currents from 
electrosurgical equipment flowing through the patient shall not permanently affect the device and the 
settings are recoverable through reprogramming, provided the IMPLANTABLE PULSE GENERATOR does not 
lie directly in the path between cutting and return (HF-earth) ELECTRODES. [See also requirement for 
warning advice, 28.13.] 

Before conducting the test the device shall be programmed with high voltage therapy OFF. 

Test: Use a RF test signal generator, output impedance 50 Ω. Each sensing/pacing input and/or output 
TERMINAL of the IMPLANTABLE PULSE GENERATOR, as applicable, shall be connected through individual 
170 ± 2 % Ω, 1 W resistors (RL) to ground and the CD TERMINALS shall be connected through individual 
50 ± 2 % Ω resistors (RL) to ground [see Figure 113]. The case of the IMPLANTABLE PULSE GENERATOR shall 
be connected directly to the signal generator output. If the case is covered with an insulating material, 
then the IMPLANTABLE PULSE GENERATOR’S case shall be immersed in a bath of 9 g/l saline held in a metal 
container and the metal container shall be connected directly to the other TERMINAL of the signal 
generator. 

The test signal frequency of the RF test signal generator shall be set to 500 kHz. The open loop test 
signal amplitude shall be set to 36 Vpp continuous sinusoidal wave. 

BS EN 45502-2-2:2008
EN 45502-2-2:2008

Full document details: BS EN 45502-2-2:2008

http://www.avadocuments.com/doc/bs-en-45502-2-2-2008
http://www.avadocuments.com/doc/bs-en-45502-2-2-2008


- 28 - 

 

Figure 113 – Test set up for proof of protection from high frequency  
currents caused by surgical equipment 

Apply the test signal for a time period of 30 s. 

Compliance shall be confirmed if after completing the test procedure, the device is not permanently 
affected, the settings are recoverable through reprogramming and the values for the IMPLANTABLE PULSE 
GENERATOR listed in 28.8.2.d) and e) conform with the values stated in the manufacturer’s original 
specification. 

22 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from changes caused by 
miscellaneous medical treatments 

This clause of the General Standard applies. 

23 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from mechanical forces 

This clause of the General Standard applies except as follows: 

23.2 

Replacement: 

23.2 The IMPLANTABLE PULSE GENERATOR shall be constructed to withstand the mechanical forces that 
may occur during normal conditions of use including the time prior to implant. 

Test: The IMPLANTABLE PULSE GENERATOR, mounted in accordance with the requirements and guidance 
given in EN 60068-2-47, shall withstand a random vibration test in accordance with EN 60068-2-64, 
Test Fh, under the following conditions: 

a) test frequency range: 5 Hz to 500 Hz; 
b) acceleration spectral density: 0,7 (m/s2)2/Hz; 

c) shape of acceleration spectral density curve: flat horizontal, 5 Hz to 500 Hz; 
d) duration of testing: 30 min in each of three mutually perpendicular axes. 

Compliance shall be confirmed if, after completing the test procedure, the values for the IMPLANTABLE 
PULSE GENERATOR listed in 28.8.2.d) and e) conform with the values stated in the manufacturer’s original 
specification. 
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23.3 

Replacement: 

23.3 Implantable LEADS shall withstand the tensile forces that might occur after implantation, without 
fracture of any conductors or joints or breaching of any functional electrical insulation. 

CAUTION The following test employs the use of high voltage. Failure to use safe laboratory practices may result in 
severe electrical shock, resulting in personal injury or death to the persons handling the equipment or conducting the test. 
Also damage to electrical equipment is possible. 

Test: Use a preconditioning bath of approximately 9 g/l saline at 37 ºC ± 5 ºC, a tensile load tester, a 
resistance meter, a test bath of 9 g/l saline at 37 ºC ± 5 ºC with a reference ELECTRODE plate having a 
noble metal surface with a minimum area of 500 mm2, a leakage current tester, capable of applying 
2 000 V and supplying a current of at least 2 mA, and a 200 µF ± 10 % capacitor (C1) rated for use at 
1 000 V. 

Specimens intended for test shall be in the condition as normally shipped to the customer. 

Specimens shall be totally immersed in the preconditioning bath for a minimum of 10 days. Immediately 
prior to testing, the LEAD shall be rinsed in distilled or deionized water, then wiped free of surface water. 
The test specimen(s) shall be placed in the test bath within 30 min of removal from the preconditioning 
bath. 

The LEAD shall be fitted in the tensile tester, clamped at the metallic surface of the LEAD connector pin and 
at the appropriate point on the distal end of the LEAD. The distance between the clamping points shall be 
measured. 

The LEAD shall be subjected to a tensile load, limited to a value causing 20 % elongation, otherwise 
increased to at least 5 N. The tensile load shall be sustained for a at least 1 min then relieved. 

The tensile load application shall be repeated for each combination of tip distal end and LEAD connector 
pin. 

NOTE This may be accomplished by using multiple LEADS as the test sample. 

The electrical continuity of each conduction path shall be verified by measuring the d.c. resistance. 

The insulation integrity of each LEAD shall be verified by immersing the outer covering, other than within 
20 mm of an ELECTRODE or TERMINAL, in the test bath, not less than 50 mm nor more than 200 mm from 
the reference ELECTRODE plate. The LEAD shall be immersed in the test bath for a minimum of one hour 
before proceeding. 

CAUTION Care must be taken to ensure that the ELECTRODES and TERMINALS are electrically isolated from the saline bath 
during this procedure. 

The test voltage shall attain the full value within 0,1 s to 5 s. The test voltage shall be maintained at full 
value for at least 15 s before being lowered to zero. 

Insulation between each electrical conductor carrying a CD PULSE and every other conductor, and 
between each conductor carrying a CD PULSE and the reference ELECTRODE shall be subjected to a 
2 000 V ± 50 V d.c. test voltage. Insulation between each electrical conductor used for pacing and/or 
sensing and every other conductor not previously exposed to the 2 000 V test voltage, and between each 
pace/sense conductor and the reference ELECTRODE shall then be subjected to a 100 V ± 5 V d.c. test 
voltage. 

The electrical continuity of each LEAD carrying a CD PULSE shall be verified by passing current PULSES 
through the electrical conductors. 
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Figure 114 – Conductor current integrity test fixture 

The LEAD other than within 20 mm of the exposed TERMINAL, shall be immersed in the test bath  
[see Figure 114]. 

CAUTION Care must be taken when connecting to the terminal of the lead to assure that high currents will not cause 
damage. A set-screw is recommended for connection to the terminal. 

Each LEAD conductor intended to carry a CD PULSE shall be subjected to ten current PULSES, each 
sustained for a minimum of 25 ms, produced by discharging the capacitor from 1 000 V ± 50 V. There 
shall be a minimum of 10 s between current PULSES. If total discharge circuit resistance is less 20 Ω, a 
series resistor RS may be used to increase total system resistance to a maximum of 25 Ω. 

Compliance shall be confirmed if: 

• the leakage current measured between each conductor and the reference ELECTRODE and 
between any two conductors that have an exposed conductive surface intended for contact 
with tissue does not exceed 2 mA during the voltage application; 

• the LEAD exhibits no permanent functional damage, nor permanent elongation in excess of 
5 % unless the LEAD is intended by the manufacturer to accommodate a longer permanent 
elongation; 

• after performing the complete procedure, the d.c. resistance of the LEAD is within the 
manufacturer's specification. 

23.5  

Replacement: 

23.5 Implantable LEADS shall withstand the flexural stresses that might occur after implantation 
without fracture of any conductor. 

Procedure: Two tests shall be performed. Test 1 shall be applied to all uniform LEAD segments. Test 2 
shall be applied to the segment of the LEAD where the LEAD joins the connector body. 
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The test samples, whether in the form of complete LEADS or LEAD body segments, shall be preconditioned 
the same way as fully assembled and shipped product. The tests shall be performed in dry conditions and 
at room temperature. 

Test 1: Use special holding fixture [see Figure 115]. The inside bore of the fixture shall be no greater than 
110 % of the diameter of the LEAD segment under test. At the lower end of the fixture, the inside surface 
shall be formed into a bell mouth having a radius such that when the test segment conforms to the 
contour of the fixture the centre-line of the test segment forms a 6 mm ± 0,1 mm centre-line bending 
radius [see Figure 115]. 

 

Figure 115 – Conductor flex test fixture 

The fixture shall be mounted in a machine that can oscillate the fixture 0
590θ +

− °= °  from the vertical and 
forces the test segment to flex in the bell mouth of the fixture. The LEAD test segment shall be mounted to 
hang vertically under gravity in the holding fixture, oriented in the worst case test condition when the test 
segment allows multiple orientations. 

A load sufficient to assure that the centre line of the test segment conforms to the bending radius shall be 
attached to the lower end of a thin, flexible line (cord) strung through the test segment, or, for LEAD bodies 
with no accessible lumen, applied directly to the test segment, so that it conforms to the bending radius. 

The fixture shall be oscillated through an angle 0
590θ +

− °= °  each side of vertical at a rate of approximately 
2 Hz for a minimum of 47 000 cycles. 

NOTE Adjust the centre of rotation between the test fixture and the centre line of the test LEAD segment so as to minimize 
vibration. 

Compliance shall be confirmed if the measured resistance of each conduction path is within the 
manufacturer's specifications (adjusted for the length of the LEAD segment under test), and each 
conductor is functionally intact as per the manufacturer's performance specification. 
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