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Le norme UNI sono elaborate cercando di tenere conto dei punti di vista di tutte le parti
interessate e di conciliare ogni aspetto conflittuale, per rappresentare il reale stato
dell’arte della materia ed il necessario grado di consenso.
Chiunque ritenesse, a seguito dell’applicazione di questa norma, di poter fornire sug-
gerimenti per un suo miglioramento o per un suo adeguamento ad uno stato dell’arte
in evoluzione è pregato di inviare i propri contributi all’UNI, Ente Nazionale Italiano di
Unificazione, che li terrà in considerazione per l’eventuale revisione della norma stessa.

Le norme UNI sono revisionate, quando necessario, con la pubblicazione di nuove edizioni o
di aggiornamenti. 
È importante pertanto che gli utilizzatori delle stesse si accertino di essere in possesso
dell’ultima edizione e degli eventuali aggiornamenti. 
Si invitano inoltre gli utilizzatori a verificare l’esistenza di norme UNI corrispondenti alle
norme EN o ISO ove citate nei riferimenti normativi. 

 

PREMESSA NAZIONALE

 

La presente norma costituisce il recepimento, in lingua inglese, del-
la norma europea EN 45502-2-1 (edizione settembre 2004), che as-
sume così lo status di norma nazionale italiana. 

La presente norma è stata elaborata sotto la competenza della
Commissione Tecnica UNI

 

Tecnologie biomediche e diagnostiche

 

La presente norma è stata ratificata dal Presidente dell’UNI, con de-
libera dell’8 marzo 2005.

La presente norma è stata ratificata dal Presidente del CEI, con
delibera del 4 marzo 2005. 
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Foreword 

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 member bodies of either CEN or CENELEC. 

The text of the draft was submitted to the formal vote and was approved by CEN and CENELEC as 
EN 45502-2-1 on 2003-09-01. 

This European Standard, together with EN 45502-2-2, supersedes EN 50061:1988 + A1:1995 + 
A1:1995/corrigendum Oct. 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) 2004-09-01 

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conflicting with the EN have to be withdrawn 

(dow) 2005-09-01 

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 
essential requirements of Directive 90/385/EEC. 

EN 45502-2-1:2004 is identical to EN 45502-2-1:2003 issued by CENELEC on 2003-12-19. 
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Introduction 

This Part 2-1 specifies particular requirements for those ACTIVE IMPLANTABLE MEDICAL DEVICES 
intended to treat bradyarrhythmias (PACEMAKERS), to provide basic assurance of safety to both patients 
and users. 

An implantable cardiac PACEMAKER is essentially a powered electronic device within a sealed, 
encapsulating enclosure (an IMPLANTABLE PULSE GENERATOR). The device can stimulate heart beats by 
generating electrical impulses which are transmitted to the heart along implanted, insulated conductors 
with ELECTRODES (LEADS). The PACEMAKER may be adjusted non-invasively by an electronic device, known 
as a programmer. 

This Part 2-1 is relevant to all parts of implantable PACEMAKERS, including all accessories. Typical 
examples are IMPLANTABLE PULSE GENERATORS, LEADS, ADAPTORS, pro-grammers and the related 
software. 

The requirements of this Part 2-1 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, hereinafter referred to as Part 1. The requirements of this Part 2-1 take priority over those 
of Part 1. 

Figures or tables that are additional to those of Part 1 are numbered starting from 101; additional annexes 
are lettered AA, BB, etc. 

Although both this Part 2-1 and the Directive 90/385/EEC deal with the same products, the structure and 
purpose of the two documents are different. Annex AA of this Part 2-1 correlates the requirements of the 
Directive with the subclauses of EN 45502-1:1997 and this Part 2-1. Annex BB provides reference in the 
other direction, from this European Standard to the Directive. Annex CC is a rationale providing further 
explanation of the subclauses of this Part 2-1. 

Annex DD describes a coding system that may be used to designate bradyarrhythmia pacing modes. 
Annex EE provides optional symbols that may be used to reduce the need for translation of MARKINGS and 
information in the accompanying documentation in multiple languages. Annex FF defines reference points 
for measurements of PULSE AMPLITUDE and PULSE DURATION, and the form of test signal used to determine 
SENSITIVITY. Annex GG defines the tissue equivalent interface circuits, signal injection network and low 
pass filter required for some compliance tests. Annex HH describes a method for selecting the filter 
capacitor used in the tissue equivalent interface circuits defined by Annex GG. Annex II defines the 
method of calibrating the injection network defined by Annex GG.  

All annexes except Annex FF, GG and II are informative. 
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1 Scope 

This Part 2-1 specifies requirements that are applicable to those ACTIVE IMPLANTABLE MEDICAL DEVICES 
intended to treat bradyarrhythmias.  

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 2-1 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 Part 2-1 or by any other method demonstrated to have an accuracy 
equal to, or better than, the method specified. In the case of dispute, the method detailed in this Part 2-1 
shall apply. 

Any features of an ACTIVE IMPLANTABLE MEDICAL DEVICE intended to treat tachyarrhythmias are covered by 
EN 45502–2-2. 

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. 

2 Normative references 

This clause of Part 1 applies except as follows. 

Additional references: 

EN 28601:1992 Data elements and interchange formats – Information interchange –
Representation of dates and times (ISO 8601:1988 + technical 
corrigendum 1:1991) 

EN 45502-1:1997 Active implantable medical devices - Part 1: General requirements for 
safety, marking and information to be provided by the manufacturer  

EN 45502-2-2 1) Active implantable medical devices – Part 2-2: Particular requirements for 
active implantable medical devices intended to treat tachyarrhythmia 
(includes implantable defibrillators) 

EN 60068–2–27:1993 Basic environmental testing procedures – Part 2: Tests – Test Ea and 
guidance: Shock (IEC 60068–2–27:1987) 

                                                      

1) At draft stage. 
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EN 60068–2–47:1999 Environmental testing – Part 2-47: Test methods – Mounting of 
components, equipment and other articles for vibration, impact and similar 
dynamic tests (IEC 60068-2-47:1999) 

EN 60068–2–64:1994 Environmental testing – Part 2: Test methods – Test Fh: Vibration, 
broad-band random (digital control) and guidance  
(IEC 60068-2-64:1993 + corr. Oct. 1993)  

ISO 5841-3:1992 Low profile connectors (IS1) for implantable pacemakers  

ISO 11318:1993 Cardiac defibrillators – Connector assembly DF-1 for implantable 
defibrillators – Dimensions and test requirements  

ANSI/AAMI PC69-2000 Active implantable medical devices – Electromagnetic compatibility – EMC 
test protocols for implantable cardiac pacemakers and implantable 
cardioverter defibrillators 

3 Definitions  

This clause of Part 1 applies.  

Additional definitions:  

3.3.1 
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 Part 2-1, the term implantable pulse generator describes any ACTIVE IMPLANTABLE MEDICAL DEVICE that 
incorporates functions intended to treat bradyarrhythmias. 

3.3.2 
pacemaker 
ACTIVE IMPLANTABLE MEDICAL DEVICE intended to treat bradyarrhythmias, comprising an IMPLANTABLE PULSE 
GENERATOR and LEAD(S) 

3.3.3 
sensor 
special part of a PACEMAKER that is designed to detect signals for the purpose of RATE MODULATION or 
other control purposes 

3.3.4 
terminal 
electrically separate conductive device connection 

3.3.5 
adaptor 
special connector used between an otherwise incompatible IMPLANTABLE PULSE GENERATOR and a LEAD 

3.3.6 
pulse 
electrical output of an IMPLANTABLE PULSE GENERATOR intended to stimulate the myocardium 
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3.3.7 
pulse amplitude 
the time integral over current or voltage, as appropriate, divided by the PULSE DURATION [see 6.1.1] 

3.3.8 
pulse duration 
duration of the PULSE, measured between two reference points specified in Part 2-1 [see 6.1.1] 

3.3.9 
pulse interval 
interval between equivalent points of two consecutive PULSES [see 6.1.1] 

3.3.10 
basic pulse interval 
PULSE INTERVAL in the absence of sensed cardiac or other electrical influence 

3.3.11 
escape interval 
time elapsing between the sensing of a spontaneous BEAT and the succeeding non-triggered PULSE of an 
IMPLANTABLE PULSE GENERATOR [see 6.1.4] 

3.3.12 
hysteresis 
characteristic of an IMPLANTABLE PULSE GENERATOR defined by the difference between the ESCAPE 
INTERVAL and the BASIC PULSE INTERVAL 

NOTE The ESCAPE INTERVAL is normally longer than the BASIC PULSE INTERVAL — this is “positive” HYSTERESIS. 

3.3.13 
AV interval; atrioventricular interval 
delay between an atrial PULSE or the sensing of an atrial depolarisation and the subsequent ventricular 
PULSE or the sensing of a ventricular depolarisation [see 6.1.7] 

3.3.14 
test pulse interval 
PULSE INTERVAL of an IMPLANTABLE PULSE GENERATOR when directly influenced by a testing device 

3.3.15 
pulse rate 
number of PULSES per minute [see 6.1.1] 

3.3.16 
basic rate 
PULSE RATE of an IMPLANTABLE PULSE GENERATOR, either atrial or ventricular, unmodified by sensed cardiac 
or other electrical influence 

3.3.17 
interference pulse rate 
PULSE RATE with which the IMPLANTABLE PULSE GENERATOR responds when it senses electrical activity other 
than that from the myocardium that it recognises as interference 

3.3.18 
maximum tracking rate 
maximum PULSE RATE at which the IMPLANTABLE PULSE GENERATOR will respond on a 1:1 basis to a 
triggering signal 
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3.3.19 
rate modulation 
altering of the PULSE RATE as a function of a control parameter other than a sensed BEAT 

3.3.20 
test pulse rate 
PULSE RATE of an IMPLANTABLE PULSE GENERATOR when directly influenced by a testing device 

3.3.21 
input impedance; Zin (of an IMPLANTABLE PULSE GENERATOR) 
electrical impedance presented at an input TERMINAL [see 6.1.3] and taken as equal to the electrical 
loading presented to a sensed BEAT 

3.3.22 
sensitivity; sensing threshold 
minimum signal required to control consistently the function of the IMPLANTABLE PULSE GENERATOR [see 
6.1.2] 

3.3.23 
refractory period 
period during which an IMPLANTABLE PULSE GENERATOR will not respond to a BEAT [see 6.1.5 and 6.1.6] 

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 

3.5.2 
unipolar lead 
LEAD with one ELECTRODE 

3.5.3 
bipolar lead 
LEAD with two ELECTRODES that are electrically isolated from each other 

3.5.4 
endocardial lead 
LEAD with an ELECTRODE designed to make a contact with the endocardium, or inner surface of the heart. 
[cf. epicardial lead, a LEAD with an ELECTRODE designed to make a contact with the epicardium, or outer 
surface of the heart.] 

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] 

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]. 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] 
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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 
beginning of service (BOS) 
when an individual IMPLANTABLE PULSE GENERATOR is first released by the manufacturer as fit for placing 
on the market 

3.20.2 
end of service (EOS) 
when the PROLONGED SERVICE PERIOD has elapsed and performance to design specification cannot be 
assured 

3.20.3 
projected service life 
period from the implantation of the IMPLANTABLE PULSE GENERATOR to the RECOMMENDED REPLACEMENT 
TIME under defined conditions 

3.20.4 
prolonged service period (PSP) 
period during which the IMPLANTABLE PULSE GENERATOR continues to function as defined by the 
manufacturer to prolong basic bradyarrhythmia pacing beyond the RECOMMENDED REPLACEMENT TIME 

3.20.5 
power source indicator 
means of indicating the electrical status of the power source during the IMPLANTABLE PULSE GENERATOR’s 
service life 

3.20.6 
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) 

3.20.7 
stoichïometric capacity 
energy capacity as defined by the content of electro-chemically active materials in the power source 

3.20.8 
use-before date 
date after which the manufacturer recommends that the IMPLANTABLE MEDICAL DEVICE should not be used 

3.20.9 
usable capacity 
portion of the STOICHÏOMETRIC CAPACITY of the power source that can be utilised by the IMPLANTABLE PULSE 
GENERATOR until END OF SERVICE is reached 

3.21.1 
beat 
ordered spontaneous activity of the heart 
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3.21.2 
transvenous 
approach to the heart through the venous system. 

3.21.3 
dual-chamber 
(adj.) relating both to the atrium and ventricle 

4 Symbols and abbreviations (optional) 

This clause of Part 1 applies. 

Additional note:  

NOTE See informative Annex EE for optional symbols for use in expressing information so as to reduce the need for the use of 
multiple languages on packaging and manuals. 

5 General requirements for non-implantable parts 

This clause of Part 1 applies.  

6 (Vacant)  

Delete and replace as follows: 

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] 

The procedures shall be performed with the IMPLANTABLE PULSE GENERATOR at a temperature of 
37 ºC ± 2 ºC, connected to a load of 500 Ω ± 1 % and set to the nominal settings recommended by the 
manufacturer (the factory recommended settings), unless otherwise stated. 
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The overall measurement accuracy for each test shall be within the limits given by Table 101. 

Table 101 - Overall measurement accuracy limits 

Measurement Accuracy 

 PULSE AMPLITUDE (6.1.1) ± 5 % 

 PULSE DURATION (6.1.1) ± 5 % 

 PULSE INTERVAL/TEST PULSE INTERVAL (6.1.1) ± 0,2 % 

 PULSE RATE/TEST PULSE RATE (6.1.1) ± 0,5 % 

 SENSITIVITY (6.1.2) ± 10 % 

 INPUT IMPEDANCE (6.1.3) if < 1 MΩ ± 10 % 

 ESCAPE INTERVAL (6.1.4) ± 10 % 

 REFRACTORY PERIOD (6.1.5, 6.1.6, and 6.1.8) ± 10 % 

 AV INTERVAL (6.1.7 and 6.1.9) ± 5 % 

NOTE Information about INPUT IMPEDANCE is always required. However above 1 MΩ, the 10 % accuracy 
tolerance is relaxed because the INPUT IMPEDANCE will be much greater than the source impedance presented by 
the LEAD. 

If the IMPLANTABLE PULSE GENERATOR has DUAL-CHAMBER functions, the atrial and ventricular 
characteristics shall be determined separately. For simplicity, all the measurement procedures shown 
show bipolar IMPLANTABLE PULSE GENERATORS. For unipolar IMPLANTABLE PULSE GENERATORS, the case is 
properly incorporated in the setup as the indifferent TERMINAL 

6.1.1 Measurement of pulse amplitude, pulse duration, pulse rate, and pulse interval 

Procedure:    Use an interval counter and an oscilloscope.  

The IMPLANTABLE PULSE GENERATOR shall be connected to a 500 Ω ± 1 % load resistor (RL) and the test 
equipment as shown in Figure 101. The oscilloscope shall be adjusted to display one PULSE in full. 

The PULSE DURATION (D) shall be measured between the points on the PULSE equal to one-third of the 
peak PULSE AMPLITUDE (Amax) [see Figure FF.101]. 

The PULSE AMPLITUDE (A) shall be calculated from the time integral over current or voltage, as appropriate, 
divided by the PULSE DURATION [see Figure FF.102]. 

The PULSE RATE shall be calculated from the mean interval over at least 20 PULSES. 
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Figure 101 - Measurement of PULSE AMPLITUDE, PULSE DURATION,  
PULSE INTERVAL and PULSE RATE  

The PULSE INTERVAL (tp) shall be recorded from the display on the interval counter when set to trigger on 
the leading edge of each PULSE.  

The procedures shall be repeated with load resistors RL of 240 Ω ± 1 % and 1 kΩ ± 1 % to determine any 
changes in the values as functions of load resistance. 

The results shall be expressed in the following units:  

• PULSE DURATION: milliseconds (ms);  

• PULSE AMPLITUDE: volts or milliamperes (V or mA);  

• PULSE INTERVAL: milliseconds (ms);  

• PULSE RATE: reciprocal minutes (min-1 ). s 

NOTE Whenever the result is recorded, the operating settings of the IMPLANTABLE PULSE GENERATOR (e.g., programmed pulse rate, 
etc.) shall also be noted. 

6.1.2 Measurement of sensitivity (sensing threshold) (epos and eneg) 

Procedure:    Use an oscilloscope, nominal input impedance 1 MΩ, and a test signal generator, output 
impedance ≤ 1 kΩ, that provides a signal in the form defined by Figure FF.103. 

The IMPLANTABLE PULSE GENERATOR shall be connected to a 500 Ω ± 1 % load resistor (RL) and the test 
equipment as shown in Figure 102. Apply positive polarity test signals from the test signal generator to 
point A through a 100 kΩ ± 1 % feed resistor (RF). Adjust the PULSE INTERVAL of the test signal generator 
so that it is at least 50 ms less than the BASIC PULSE INTERVAL of the IMPLANTABLE PULSE GENERATOR. The 
test signal amplitude shall be adjusted to zero, and the oscilloscope shall be adjusted to display several 
PULSEs. 

The test signal amplitude shall be slowly increased until either: for an inhibited mode IMPLANTABLE PULSE 
GENERATOR, the PULSE shall be consistently suppressed; or, for a triggered mode IMPLANTABLE PULSE 
GENERATOR, the PULSE always occurs synchronously with the test signal. 

The test signal amplitude shall then be measured. The positive SENSITIVITY (epos) shall be calculated by 
dividing the measured test signal voltage by 201. 
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Figure 102 - Sensitivity measurement 

The procedure shall be repeated with negative polarity test signals applied at point A and the negative 
SENSITIVITY (eneg) shall be similarly calculated. 

6.1.3 Measurement of input impedance (Zin)  

Procedure:    Use an oscilloscope, nominal input impedance 1 MΩ, and a test signal generator, output 
impedance ≤ 1 kΩ, that provides a signal in the form defined by Figure FF.103.  

 
 
 Oscilloscope

Channel 1 Channel 2 Trigger 

RF

S 

R1

RL
Pulse 
generator 

A 

signal 
Test 

generator 

B  

Figure 103 - Input impedance measurement  

The IMPLANTABLE PULSE GENERATOR shall be connected to 500 Ω ± 1 % load resistors (RL) and the test 
equipment as shown in Figure 103. Apply test signals of either polarity from the test signal generator 
through series feed resistors R1 and RF to point A. R1 shall be chosen to have a resistance of the same 
order of magnitude as the expected INPUT IMPEDANCE of the IMPLANTABLE PULSE GENERATOR (e.g. 10 kΩ, 
100 kΩ etc.), and R1 shall be known to within ± 1 %. RF shall be 100 kΩ ± 1 %. Adjust the PULSE INTERVAL 
of the test signal generator so that it is at least 50 ms less than the BASIC PULSE INTERVAL of the 
IMPLANTABLE PULSE GENERATOR. The test signal amplitude shall be adjusted to zero, and the oscilloscope 
shall be adjusted to display several PULSES. 

The switch, S, shall be closed, bypassing R1, and the test signal amplitude adjusted from zero up to that 
value at which the IMPLANTABLE PULSE GENERATOR consistently either just inhibits or triggers, whichever is 
appropriate. 

The test signal amplitude shall be measured and designated V1. 
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The switch, S, shall be opened and the test signal amplitude shall be re-adjusted until the IMPLANTABLE 
PULSE GENERATOR again just consistently either inhibits or triggers, as before.  

The test signal amplitude shall be measured again and designated V2. 

The INPUT IMPEDANCE, Zin , of the IMPLANTABLE PULSE GENERATOR shall be calculated according to the 
equations: 

Z
R V

V V

Z
R Z
R Zin

S

S

=
−

−

=
−

1 1

2 1

∗
,

∗

0 5
 

where RS is the input impedance of channel 2 of the oscilloscope. 

The result shall be expressed in kilo-ohms (kΩ). 

6.1.4 Measurement of ESCAPE INTERVAL (te) 

Procedure:    Use an oscilloscope and a triggerable test PULSE signal generator. 

The IMPLANTABLE PULSE GENERATOR shall be connected to a 500 Ω ± 1 % load resistor (RL) and the test 
equipment as shown in Figure 104. Apply the test signal through the series feed resistor (RF) to point A. 
RF shall be 100 kΩ ± 1 %. 
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Figure 104 - ESCAPE INTERVAL measurement 

The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice the 
positive SENSITIVITY as determined according to 6.1.2. 

The test signal generator shall be adjusted to provide a single PULSE with delay t between being triggered 
and generating the PULSE, where t is between 5 % and 10 % greater than the BASIC PULSE INTERVAL (tp) of 
the IMPLANTABLE PULSE GENERATOR. 
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The oscilloscope shall be adjusted so that a display similar to that shown in Figure 105 is obtained. (The 
test signals and the PULSES both appear as lines.) 

tp

PULSES from
IMPLANTABLE
PULSE
GENERATOR

Channel 1

Channel 2

Test signal
t

REFRACTORY
PERIOD  

Figure 105 - Initial oscilloscope display, when measuring the ESCAPE INTERVAL 

The delay t shall be reduced until the test signal no longer falls in the IMPLANTABLE PULSE GENERATOR’s 
REFRACTORY PERIOD. If an inhibited type OF IMPLANTABLE PULSE GENERATOR is being tested, the 
oscilloscope display is then similar to that shown in Figure 106. If a triggered (synchronous) IMPLANTABLE 
PULSE GENERATOR is being tested, the display will be similar to that shown in Figure 107. 
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Figure 106 - Measurement of ESCAPE INTERVAL (te) in inhibited mode  
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Figure 107 - Measurements of ESCAPE INTERVAL (te) in triggered (synchronised) mode 

Measure the time between the test signal (or the output that is triggered by the test signal) and the next 
output PULSE. This is the ESCAPE INTERVAL (te).  

The result shall be expressed in milliseconds (ms).  
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6.1.5 Measurement of sensing refractory period (tsr)  

Procedure:    Use an oscilloscope and a triggerable double PULSE test signal generator. 

The IMPLANTABLE PULSE GENERATOR shall be connected to a 500 Ω ± 1 % load resistor(RL) and the test 
equipment as shown in Figure 108. Apply the test signal through the series feed resistor (RF) to point A. 
RF shall be 100 kΩ ± 1 %. 
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Figure 108 - REFRACTORY PERIOD measurement 

The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice the 
positive SENSITIVITY as determined in 6.1.2. 

The test signal generator shall be adjusted to provide a delay t1 between being triggered and generating 
the test signal, where t1 is between 5 % and 10 % greater than the BASIC PULSE INTERVAL of the 
IMPLANTABLE PULSE GENERATOR.  

The test signal generator shall be set so that the test signal is in the form of a double-PULSE with a small 
separation s between the leading edges of the two components of the test signal [see Figure 109].  

tp
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REFRACTORY
PERIOD

t2
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Figure 109 - Initial oscilloscope display when measuring sensing and pacing REFRACTORY PERIOD  

The delay t1 of the test signal shall be reduced (keeping s constant) until test signal 1 is sensed by the 
IMPLANTABLE PULSE GENERATOR.  

Then, in the case of an inhibited IMPLANTABLE PULSE GENERATOR, test signal 1 causes inhibition of one 
PULSE from the IMPLANTABLE PULSE GENERATOR [see Figure 110]. Then keeping t1 constant, t2 shall be 
increased until test signal 2 in Figure 110 is delayed as shown in Figure 111. The second PULSE in 
Figure 111 is displaced from test signal 2 by the ESCAPE INTERVAL (te).  
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Figure 110 - Measurement of sensing REFRACTORY PERIOD in inhibited mode – A 
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Figure 111 - Measurement of sensing REFRACTORY PERIOD in Inhibited mode - B 

In the case of a triggered IMPLANTABLE PULSE GENERATOR, sensing test signal 1 triggers the IMPLANTABLE 
PULSE GENERATOR [see Figure 112]. Then keeping t1 constant, t2 shall be increased until the third PULSE in 
Figure 112 occurs simultaneously with test signal 2, as shown in Figure 113. 
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Figure 112 - Measurement of sensing REFRACTORY PERIOD in triggered  
(synchronous) mode - A  
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Figure 113 - Measurement of sensing REFRACTORY PERIOD in triggered 
(synchronous) mode - B  

The interval t2 - t1 shall be measured. This corresponds to the sensing REFRACTORY PERIOD (tsr). 

The result shall be expressed in milliseconds (ms).  

6.1.6 Measurement of pacing refractory period (tpr) (applicable only to inhibited IMPLANTABLE PULSE 
GENERATORS)  

Procedure:    Use the equipment and connections required by 6.1.4 and Figure 104. 

The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice the 
positive SENSITIVITY as determined according to 6.1.2. 

The test signal generator shall be adjusted to provide a delayed test PULSE, the delay t between being 
triggered and generating the test signal being between 5 % and 10 % greater than the BASIC PULSE 
INTERVAL (tp) of the IMPLANTABLE PULSE GENERATOR. 

The oscilloscope shall be adjusted so that a display similar to that shown in Figure 105 is obtained. (The 
test signals and the PULSES both appear as lines.) 

The delay t shall be slowly increased until the third PULSE depicted in Figure 107 is displaced to the right 
(see Figure 114). The third PULSE will be displaced from the test signal by the ESCAPE INTERVAL (te).  
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Figure 114 - Measurement of pacing REFRACTORY PERIOD in inhibited mode 

The interval between the second PULSE and the test signal shall be measured. This corresponds to the 
pacing REFRACTORY PERIOD (tpr). 

The result shall be expressed in milliseconds (ms). 
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6.1.7 Measurement of AV INTERVAL (applicable only to dual-chamber IMPLANTABLE PULSE GENERATORS) 

Procedure:    Use a dual trace oscilloscope. 

The DUAL-CHAMBER IMPLANTABLE PULSE GENERATOR shall be connected to 500 Ω ± 1 % load resistors and 
to the oscilloscope. Set the IMPLANTABLE PULSE GENERATOR for dual chamber pacing. 

The oscilloscope shall be adjusted so that a display similar to that depicted in Figure 115 is obtained (the 
PULSES appear as lines). 

Channel 1
Atrial output

Channel 2
Ventricular output

tp

AV INTERVAL

Ventricular PULSE

Atrial PULSE

tAV

 

Figure 115 - Oscilloscope display when measuring AV INTERVAL 

The interval between the atrial PULSE and the succeeding ventricular PULSE shall be measured. This is the 
AV INTERVAL (tAV). 

The result shall be expressed in milliseconds (ms). 

6.1.8 Measurement of the post ventricular atrial refractory period (PVARP) (applicable only to 
IMPLANTABLE PULSE GENERATORS with atrial sensing and ventricular pacing). 

Procedure:    Use an oscilloscope and a triggerable double PULSE test signal generator. 

The IMPLANTABLE PULSE GENERATOR shall be connected to 500 Ω ± 1 % load resistors (RL) and the test 
equipment as shown in Figure 116. 

Set the IMPLANTABLE PULSE GENERATOR to an atrial tracking mode. Apply the test signal through the series 
feed resistor (RF) to the atrial TERMINAL of the IMPLANTABLE PULSE GENERATOR. RF shall be 100 kΩ ± 1 %. 
The test signal generator shall be set to trigger on the ventricular output of the IMPLANTABLE PULSE 
GENERATOR. 

The test signal generator shall be adjusted until the amplitude of the test PULSE is approximately twice the 
positive SENSITIVITY as determined in 6.1.2. 
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Figure 116 - Post ventricular atrial REFRACTORY PERIOD (PVARP) measurement  

The test signal generator shall be adjusted to provide a delay t between triggering and generating the test 
signal, where t is slightly less than the expected post ventricular atrial REFRACTORY PERIOD. The 
oscilloscope shall be adjusted so that a display similar to that depicted in Figure 117 is obtained. 

Ventricular PULSES
 from IMPLANTABLE
PULSE GENERATOR

Channel 1

Channel 2

tp

t
Test signal

PVARP

t

 

Figure 117 - Initial oscilloscope display when measuring PVARP 

The delay t shall be slowly increased until the second PULSE depicted in Figure 117 is displaced to the left 
[see Figure 118]. 

Ventricular PULSES
 from IMPLANTABLE
PULSE GENERATOR

Channel 1

Channel 2

t't'

t

PVARP

Test signals

t t

 

NOTE The interval between the test pulse and the following ventricular PULSE (t’) may be longer than the AV INTERVAL if the 
MAXIMUM TRACKING RATE interval is longer than the sum of AV INTERVAL and PVARP.  

Figure 118 - Oscilloscope display when measuring PVARP  

Measure t, which then corresponds to the post ventricular atrial REFRACTORY PERIOD (PVARP). 

The result shall be expressed in milliseconds (ms). 
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6.1.9 Measurement of the atrial-ventricular (AV) interval after sensing (applicable only to IMPLANTABLE 
PULSE GENERATORS with atrial sensing and ventricular pacing). 

Procedure:    Use an oscilloscope and a test signal generator that provides a signal in the form defined by 
Figure FF.103. 

The IMPLANTABLE PULSE GENERATOR shall be connected to 500 Ω ± 1 % load resistors (RL) and the test 
equipment as shown in Figure 119. Set the IMPLANTABLE PULSE GENERATOR to an atrial tracking mode. 
Apply positive polarity test signals from the test signal generator through a 100 kΩ ± 1 % feed resistor (RF) 
to point C. 

 

Oscilloscope
Channel 1 Channel 2 Trigger 

Atrial 

Ventricular Test signal 
generator 

+ - + - 

R
RL

RLPulse 
generator 
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Figure 119 - AV INTERVAL after sensing measurement 

Adjust the repetition interval t of the test signal generator so that it is at least 50 ms shorter than the BASIC 
PULSE INTERVAL of the IMPLANTABLE PULSE GENERATOR. The oscilloscope shall be adjusted so that a display 
similar to that depicted in Figure 120 is obtained. (The test signals and PULSES appear as lines.)  
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AV INTERVAL
PULSES from
IMPLANTABLE
PULSE
GENERATOR

tAV

Test signal

 

Figure 120 - Oscilloscope display when measuring the AV INTERVAL after sensing 

The interval between the test signal and the succeeding ventricular PULSE shall be measured. This 
corresponds to the AV INTERVAL after sensing (tAV). 

The results shall be expressed in milliseconds (ms). 

6.2 Measurement of the electrical characteristics of a LEAD 

The values of the electrical characteristics for the LEAD 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].  
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The effects caused by the conductivity across the electrode myocardial interface shall be simulated where 
required by a test body comprising a beaker filled with a saline solution of 0,9 g/l ± 10 %, which represents 
1/10 concentration of the isotonic saline solution, maintained at a temperature of 37 °C ± 2 °C. 

The input impedance of the oscilloscope used for testing shall be nominally 1 MΩ. 

The overall measurement accuracy for each test shall be within the limits given by Table 102. 

Table 102 - Overall measurement accuracy limits 

Measurement Accuracy 

 LEAD CONDUCTOR RESISTANCE (6.2.1) ± 5 % 

 LEAD PACING IMPEDANCE (6.2.2) ± 15 % 

 LEAD SENSING IMPEDANCE (6.2.3) ± 15 % 

6.2.1 Measurement of the LEAD CONDUCTOR RESISTANCE (Rc) 

Procedure:    The LEAD CONDUCTOR RESISTANCE (Rc) shall be measured by applying an ohm-meter 
between the lead connector TERMINAL and the ELECTRODE.  

The results shall be expressed in ohms (Ω).  

6.2.2 Measurement of the LEAD PACING IMPEDANCE (Zp) 

Procedure:    Use the test body, an oscilloscope and a test signal generator, output impedance 50 Ω. 

For a UNIPOLAR LEAD:    The indifferent ELECTRODE of the pacing system shall be simulated by two metal 
plates of titanium immersed in the test body. The diameter (d) of the lower plate shall be ≥ 50 mm. The 
diameter of the upper plate shall be 0,8 d. The separation between the plates shall be 1,2 d. Holes cut into 
the upper plate shall not reduce its surface area by more than 10 %. 

The LEAD shall be inserted into the test body so that the electrode tip is approximately in the centre of the 
beaker. The test signal generator shall be connected through a 33 ± 5 % µF series film capacitor (CF) to 
the LEAD, the metal plates and the oscilloscope as shown in Figure 121. 

 Oscilloscope 

 V2 
+   −+   −+   −+   − 

V1 
+   −+   −+   −+   −

Test signal 
generator 

R 

CF 

 

Figure 121 - Determination of the LEAD PACING IMPEDANCE of a UNIPOLAR LEAD  
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Non-conductive stand-offs or spacers may be added at the circumference of the beaker, if they are kept a 
minimum distance of 15 mm from the ELECTRODE under test and they do not reduce the total cross 
sectional conductive area between the plates by more than 10 %. A non-conductive stiffener may be used 
as required, either internally or externally, to control electrode placement of the LEAD.  
For a BIPOLAR LEAD:    The LEAD shall be inserted into the test body so that the ELECTRODES are at least 
10 mm from any fluid boundary. The test signal generator shall be connected through a 33 ± 5 % µF 
series film capacitor (CF) to the LEAD and oscilloscope as shown in Figure 122.  

 Oscilloscope 

Test signal 
generator 

R 

CF 

V1 
+   −+   −+   −+   −

 V2 
+   −+   −+   −+   − 

 

Figure 122 - Determination of the LEAD PACING IMPEDANCE of a BIPOLAR LEAD  

Set the test signal generator to provide negative PULSES, 65 ± 5 per minute, amplitude 4 V ± 0,1 V and 
duration 0,5 ms ± 0,05 ms. 

The lead current shall be determined by measuring the voltage drop across the 10 Ω ± 2 % resistor (R). 
The LEAD PACING IMPEDANCE (Zp) shall be calculated, using the mean values of voltage and current, by 
applying the formula: 

Z R
V V dt

V dt
p

T

T

p

p
=

−
∗

1 2
0

2
0

 

NOTE See Figure 121 and Figure 122 for definitions of V1 and V2. 

The result shall be expressed in ohms (Ω). 

6.2.3 Measurement of the LEAD SENSING IMPEDANCE (Zs) 

Procedure:    Use the test body, an oscilloscope and a test signal generator, output impedance ≤ 1 kΩ, 
which provides a signal in the form defined by Figure FF.103. 

The test signal shall be injected from two feeding plates of titanium immersed in the test body. The 
diameter (d) of the lower feeding plate shall be ≥ x + 25 mm, where x is the linear separation (measured 
along the LEAD) of the distal extremities of the sensing ELECTRODES under test, with the restriction 
d ≤ 50 mm. The diameter of the upper feeding plate shall be 0,8 d. The separation between the feeding 
plates shall be 1,2 d. Holes cut into the upper feeding plate shall not reduce its surface area by more than 
10 %. 

Non-conductive stand-offs or spacers may be added at the circumference of the beaker, if they are kept a 
minimum distance of 15 mm from the ELECTRODE under test and they do not reduce the total cross 
sectional conductive area between the plates by more than 10 %. A non-conductive stiffener may be used 
as required, either internally or externally, to control electrode placement of the LEAD. 

IST ITUTO SUPERIORE DI  SANITA ' .  Documento  con tenu to  ne l  DVD Racco l ta  Comp le ta  UNI  2006 .
E'  v ie ta to  l ' uso  in  re te  de l  s ingo lo  documento  e  la  sua  r ip roduz ione .  E '  au to r i zza ta  la  s tampa per  uso  in te rno .



EN 45502-2-1:2004 
(issued by CENELEC as EN 45502-2-1:2003) 

27 

For a UNIPOLAR LEAD:    The LEAD shall be inserted into the test body so that the electrode tip is 
approximately in the centre of the beaker. The test signal generator shall be connected through a 
500 Ω ± 1 % resistor (RF) and 33 ± 5 % µF series film capacitor (CF) to the feeding plates, LEAD and 
oscilloscope as shown in Figure 123. The oscilloscope input shall be shunted with a switch and variable 
resistor (R).  

 Oscilloscope 

Test signal 
generator 

Switch CF RF 

R

 V2 
+   −+   −+   −+   − 

V1 
+   −+   −+   −+   −

 

Figure 123 - Determination of the LEAD SENSING IMPEDANCE of a UNIPOLAR LEAD  

For a BIPOLAR LEAD:    The LEAD shall be inserted into the test body so that the ELECTRODES are equally 
separated from the feeding plates and any active ELECTRODE is at least 15 mm from any plate. The test 
signal generator shall be connected through a 500 Ω ± 1 % resistor (RF) and 33 ± 5 % µF series film 
capacitor (CF) to the feeding plates, LEAD and oscilloscope as shown in Figure 124. The oscilloscope input 
shall be shunted with a switch and variable resistor (R).  

The switch shall be opened, and the test signal generator adjusted so that the peak voltage recorded on 
the oscilloscope is 10 mV ± 0,2 mV, the electrode tip sensing a negative polarity PULSE. Then the switch 
shall be closed and the resistor R adjusted until the amplitude of the leading edge portion of the signal 
measured by the oscilloscope is reduced to 5 mV ± 0,1 mV. 
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Figure 124 - Determination of the LEAD SENSING IMPEDANCE of a BIPOLAR LEAD  

Measure the resistance R. This then is equal to the LEAD SENSING IMPEDANCE (Zs). 

The result shall be expressed in ohms (Ω). 
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7 General arrangement of the packaging  

This clause of Part 1 applies.  

8 General markings for active implantable medical devices  

This clause of Part 1 applies.  

9 Markings on the sales packaging  

This clause of Part 1 applies except as follows:  

9.4 

Additional note and subclauses:  

NOTE Instead of using a description in words, the mode codes defined in Annex DD may be used in the MARKINGS and 
accompanying documentation to designate the bradyarrhythmia pacing mode of the IMPLANTABLE PULSE GENERATOR.  

9.4.1 The SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR shall bear the following 
information: 

a) The most comprehensive pacing mode available and the pacing mode as shipped. 

b) If a rate adaptive device, a statement that the IMPLANTABLE PULSE GENERATOR is rate responsive, 
the most comprehensive rate adaptive mode if this is not described by a) above, and the type of 
SENSOR used for control. 

c) The sensing, pacing configuration (bipolar, unipolar, automatically adjusted) as shipped. 

d) The IMPLANTABLE PULSE GENERATOR’s non-programmable characteristics, measured at 
37 °C ± 2 °C and 500 Ω ± 1 % load, for each input/output TERMINAL as applicable: 

1) the BASIC RATE (in reciprocal minutes); 

2) the PULSE AMPLITUDE (in volts or milliamperes); 

3) the PULSE DURATION (in milliseconds); 

4) the SENSITIVITY (in millivolts); 

5) the REFRACTORY PERIOD (in milliseconds); 

6) the AV INTERVAL, if applicable (in milliseconds).  

e) A statement that the IMPLANTABLE PULSE GENERATOR is coated or uncoated. 

f) The connector geometry (bore depths and diameters in millimetres), or provide a reference by 
symbols or MARKINGS defined in published connector standards. 

g) Any additional information and relevant characteristics necessary to identify the IMPLANTABLE 
PULSE GENERATOR. 

Compliance shall be confirmed by inspection. 
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9.4.2 The SALES PACKAGING containing a LEAD shall bear the following information: 

a) The configuration (UNIPOLAR LEAD, etc.).  

b) The physical dimensions, including:  

1) the length (in centimetres); 

2) for a TRANSVENOUS LEAD, the INSERTION DIAMETER (in millimetres) and the size of the 
appropriate introducer (in French); 

3) the connector geometry (lengths and diameters in millimetres) or a reference by symbols 
or MARKINGS defined in published connector standards.  

c) Any additional information and relevant characteristics necessary to identify the LEAD (e.g., 
anchoring mechanism).  

Compliance shall be confirmed by inspection.  

9.7 

Replacement:  

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; and 
expressed as numerals as specified in EN 28601:1992. 

Compliance shall be confirmed by inspection. 

10 Construction of the sales packaging 

This clause of Part 1 applies except as follows:  

10.3 

Additional note:  

NOTE Removable stickers, which provide only supplementary information exceeding the information specified in Clause 9, need 
not to be subjected to the test specified in 10.3.  

11 Markings on the sterile pack 

This clause of Part 1 applies. 

Additional subclauses: 

11.10 The STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall bear the following 
information:  

a) The most comprehensive pacing mode available and the pacing mode as shipped [see note in 
9.4].  
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b) If a rate adaptive devices, a statement that RATE MODULATION is "ON" or "OFF" 

c) The sensing, pacing configuration (bipolar, unipolar, automatically adjusted) as shipped. 

d) The IMPLANTABLE PULSE GENERATOR characteristics as shipped, measured at 37 °C ± 2 °C and 
500 Ω ± 1 % load, for each input/output TERMINAL as applicable:  

1) the BASIC RATE (in reciprocal minutes); 

2) the MAXIMUM TRACKING RATE (in reciprocal minutes);  

3) the PULSE AMPLITUDE (in volts or milliamperes); 

4) the PULSE DURATION (in milliseconds); 

5) the SENSITIVITY (in millivolts); 

6) the AV INTERVAL, if applicable (in milliseconds). 

e) A statement that the IMPLANTABLE PULSE GENERATOR is coated or uncoated.  

f) The connector geometry, or provide a reference by symbols defined in published connector 
standards. 

g) Any additional information about special functions which are active as shipped.  

Compliance shall be confirmed by inspection.  

11.11 The STERILE PACK containing a LEAD shall bear the following information:  

a) The configuration (UNIPOLAR LEAD, etc.).  

b) The physical dimensions, including:  

1) the length (in centimetres); 

2) for a TRANSVENOUS LEAD, the INSERTION DIAMETER (in millimetres) and the size of the 
appropriate introducer (in French); 

3) the connector geometry (lengths and diameters in millimetres) or a reference by symbols 
or MARKINGS defined in published connector standards. 

Compliance shall be confirmed by inspection. 

12 Construction of the non-reusable pack 

This clause of Part 1 applies. 
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13 Markings on the active implantable medical device 

This clause of Part 1 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 of the device, the SERIAL NUMBER, and the following 
particulars as applicable: 

a) If more than one input/output connector TERMINAL is present, then each TERMINAL shall be 
identified as follows:  

1) the ventricular TERMINAL shall be marked with a “V”; 

2) the atrial TERMINAL shall be marked with an “A”; 

3) a sensor TERMINAL shall be identified with an “S”, if present.  

b) The most comprehensive pacing mode available (see Annex DD).  

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 the 
batch number as appropriate.  

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

Compliance shall be confirmed by inspection. 

13.3  

Replacement:   

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 of the device and the year of 
manufacture). It shall be possible to read this code 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]. 
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14 Protection from unintentional biological effects being caused by the active 
implantable medical device 

This clause of Part 1 applies except as follows: 

14.2 

Replacement:  

When the ACTIVE IMPLANTABLE MEDICAL DEVICE is used as intended by the manufacturer, any part of the 
device intended to be in contact with body fluids shall cause no unacceptable release of particulate matter.  

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 °C ± 2 °C 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 principal [see method 2.9.19 of the European 
Pharmacopoeia, 3rd edition, 1977, (Council of Europe)].  

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 Part 1 applies. 

16 Protection from harm to the patient caused by electricity 

This clause of Part 1 applies except as follows: 

16.2 

Replacement: 

Except for its intended function, an IMPLANTABLE PULSE GENERATOR shall be electrically neutral when in 
use. No d.c. leakage current of more than 0,1 µA shall occur in any of the current pathways. 

Test:    Use a measuring device (MD) consisting of a d.c. voltmeter, resolution better than 2 µV, fed 
through a low pass filter with a time constant of at least 10 s. 

NOTE This can be implemented by a four element low pass RC filter with the elements built from 1 MΩ resistors and 10 µF 
metalised polypropylene capacitors. Then the input resistance of the d.c. voltmeter should be ≥ 400 MΩ.  
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The IMPLANTABLE PULSE GENERATOR shall be set to the nominal settings recommended by the 
manufacturer (i.e., the factory recommended settings) but with the PULSE AMPLITUDE and PULSE DURATION 
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 500 Ω ± 1 % load 
resistors (RL) [see Figure 125].  

Atrial

Ventricular

RL

RL

MD

Pulse
Generator

 

Figure 125 - Test set-up for measurement of electrical neutrality 

Measure the average direct voltage across each load resistor with the measuring device, see Figure 125. 
Steady state conditions shall be reached before the measurement is made.  

Compliance shall be confirmed if the absolute potential difference across each resistor RL is less than 
50 µV for any conductive pathway.  

16.3 

Not applicable.  

Additional subclause:  

16.4 The design of the IMPLANTABLE PULSE GENERATOR shall include a feature to limit the PULSE RATE 
in the event of a fault within the device (run-away protection). The PULSE rate limit shall be declared by the 
manufacturer in the accompanying documents [see 28.8.2 e)]. 

Compliance shall be confirmed by an assessment of the manufacturer's documentation. 

17 Protection from harm to the patient caused by heat  

This clause of Part 1 applies.  

18 Protection from ionizing radiation released or emitted from the active 
implantable medical device  

This clause of Part 1 applies.  
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19 Protection from unintended effects caused by the device  

This clause of Part 1 applies except as follows:  

19.2 

Replacement and additional subclauses: 

The IMPLANTABLE PULSE GENERATOR shall provide at least one POWER SOURCE INDICATOR to warn of the 
onset of RECOMMENDED REPLACEMENT TIME. The PROLONGED SERVICE PERIOD shall be determined under 
the conditions specified by the manufacturer but shall be at least three months [see 28.19 e)]. 

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. 

19.2.1 The PROJECTED SERVICE LIFE shall be calculated for the maximum internal current drain 
conditions consistent with the IMPLANTABLE PULSE GENERATOR set as closely as possible to the values in 
Table 103.  

The calculation shall be repeated with the IMPLANTABLE PULSE GENERATOR set as closely as possible to 
twice the PULSE AMPLITUDE selected for the first calculation. 

Table 103 - Settings for determining the projected service life 

Function  Setting  

Pacing mode Most comprehensive 

PULSE AMPLITUDE (all channels) 2,5 V 

PULSE DURATION 0,5 ms 

BASIC RATE 70 min-1 

Percent pacing 100 % 

Pacing load 500 Ω ± 1 % 

Sensor(s) status  ON 

Data storage or other diagnostic functions,  
if applicable to the pacing mode 

ON 

Compliance shall be confirmed by an assessment of the manufacturer’s documentation. 

19.2.2 The USABLE CAPACITY of the power source shall be calculated by adding the capacity that can be 
utilised until RECOMMENDED REPLACEMENT TIME (with the IMPLANTABLE PULSE GENERATOR operating under 
the conditions specified in 19.2.1) to the capacity that can be utilised during PROLONGED SERVICE PERIOD 
with the IMPLANTABLE PULSE GENERATOR operating under the conditions specified by the manufacturer 
[see 28.19 e)].  

Compliance shall be confirmed by an assessment of the manufacturer’s documentation. 
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20 Protection of the device from damage caused by external defibrillators  

This clause of Part 1 applies.  

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

This clause of Part 1 applies except as follows:  

21.2  
Replacement:  

21.2 The IMPLANTABLE PULSE GENERATOR shall be designed so that stray, high frequency current from 
surgical equipment (surgical diathermy) flowing through the patient shall not permanently affect the device 
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.] 

Test:    Use a rf test signal generator, output impedance 50 Ω. The test signal frequency shall be 500 kHz 
and the open loop test signal amplitude 20 Vpp. 

The IMPLANTABLE PULSE GENERATOR shall be set for asynchronous pacing at 60 beats min-1. Each input or 
output TERMINAL shall be connected through individual 100 Ω resistors (R) to the active TERMINAL of the 
signal generator [see Figure 126]. The case of the IMPLANTABLE PULSE GENERATOR shall be connected 
directly to the other TERMINAL of the signal generator, unless the case is covered with an insulating 
material when 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. 
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generator 

Pulse
generator

R 

R 

 

Figure 126 - Test set-up for proof protection from high frequency currents  
caused by surgical equipment 

Apply the test signal in ten bursts each for a duration of 1 s, allowing a recovery period of 5 s between 
bursts.  

Compliance shall be confirmed if after completing the test procedure and reactivating the IMPLANTABLE 
PULSE GENERATOR, the values for the IMPLANTABLE PULSE GENERATOR listed in 28.8.2 d) 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 Part 1 applies. 

IST ITUTO SUPERIORE DI  SANITA ' .  Documento  con tenu to  ne l  DVD Racco l ta  Comp le ta  UNI  2006 .
E'  v ie ta to  l ' uso  in  re te  de l  s ingo lo  documento  e  la  sua  r ip roduz ione .  E '  au to r i zza ta  la  s tampa per  uso  in te rno .



EN 45502-2-1:2004 
(issued by CENELEC as EN 45502-2-1:2003) 

36 

23 Protection of the active implantable medical device from mechanical forces 

This clause of Part 1 applies except as follows:  

23.2 

Replacement: 

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 characteristics listed in 28.8.2 d) conform with the values stated in the manufacturer’s 
original specification. 

23.3  

Replacement:  

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. 

Test procedure:    Use a preconditioning bath of approximately 9 g/l saline at 37 °C ± 5 °C, a tensile load 
tester, a resistance meter, a test bath of approximately 9 g/l saline at 37 °C ± 5 °C with a reference 
electrode plate having a noble metal surface with a minimum area of 500 mm2, and a leakage current 
tester, capable of applying 100 V and supplying a current of at least 2 mA.  

Specimens intended for test shall be in the condition as 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 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 at least one minute then relieved. 

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

NOTE This may be accomplished by using multiple LEADS as the test sample. 
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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 any exposed conductive surface, in the test bath. The test specimen(s) shall be placed in the 
test bath within 30 min of removal from the preconditioning bath and shall be immersed in the test bath for 
a minimum of one hour before proceeding. The test specimen(s) shall be positioned in the test bath so 
that the LEAD body is not less than 50 mm nor more than 200 mm from the reference electrode plate. 

NOTE Care must be taken to ensure that the exposed conductive surfaces are electrically isolated from the saline bath during this 
procedure. 

The insulation shall be then subjected to a 100 V ± 5 V d.c. test potential between each conductor and the 
reference electrode; and between any two conductors that have an exposed conductive surface intended 
for contact with tissue. The test potential shall attain the full value within 0,1 s to 5 s. The test potential 
shall be maintained at full value for at least 15 s before being lowered to zero. 

Compliance shall be confirmed if 

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

• the continuity measurements comply with the manufacturer's specifications, 

• 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 is ≤ 2 mA 
during the voltage application. 

23.5 

Replacement: 

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 each unique uniform flexible LEAD 
segment. Test 2 shall be applied to the segment of the LEAD where the LEAD joins the connector body. 

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 127]. 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 127]. 
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Figure 127 - Conductor flex test fixture 

The fixture shall be mounted in a machine that can oscillate the fixture θ = ° −
+90  5
0

0  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. For LEAD bodies 
with no accessible lumen, a minimal tensile load may be applied directly to the test segment, so that it 
conforms to the bending radius.  

The fixture shall be oscillated through an angle θ = ° −
+90  5
0

0 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 LEAD test segment so as to minimise 
vibration. 

The test shall be repeated for each unique uniform flexible part of the LEAD body. 

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. 

Test 2:    Use a special holding fixture [see Figure 128] similar in form to the intended PULSE generator 
connector header. The holding fixture shall be to be made of rigid material, with the corners that may 
come in contact with the LEAD connector rounded to a maximum radius of 0,5 mm. The cavity depth shall 
be set at the minimum allowed in the applicable standard, or per the manufacturer's connector 
specification if other connector systems are used. Except for the cavity depth and rounding, the test cavity 
dimensions shall be per Figure 2 of ISO 5841-3 (IS-1), or Figure 4 of ISO 11318 (DF-1), or per the 
manufacturer's specifications if another connector system is used. 
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Figure 128 - Connector flex test fixture 

The holding fixture shall be mounted in a machine that can rotate the fixture ± 45°± 2° from the vertical 
[see Figure 128]. The centre of rotation shall be in the plane where the rounded corners of the holding 
fixture begin. The holding fixture shall allow the LEAD connector and attached LEAD segment to hang 
vertically under gravity. The LEAD connector shall be fitted into the holding fixture, oriented in the worst 
case test condition, and retained by the set-screw mechanisms.  

A load shall be attached to the LEAD segment 10 cm ± 0,5 cm from the centre of rotation of the holding 
fixture. The load attachment mechanism shall ensure that there shall be no relative motion between the 
conductor and the tubing at the point of attachment. The load (including the attachment mechanism) shall 
be 100 g ± 5 g. 

The holding fixture shall be then oscillated θ = 45° ± 2° each side of vertical at a rate of approximately 
2 Hz for a minimum of 82 000 cycles. 

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. 

23.6 

Replacement: 

Implantable connectors, intended for use by physicians to join IMPLANTABLE PULSE GENERATORS and 
LEADS, shall be identified as to type. The retention force provided by the implantable connector shall be 
greater than or equal to 5 N. The manufacturer shall declare [see 28.4] the intended performance as 
implanted, determined according to the following test. 

NOTE The test is applicable only to connector systems without set-screws and/or LEAD connectors not compatible with set-
screws.  
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Test:    The implantable connector pair shall be mated in accordance with the manufacturer's instructions 
and immersed in a saline bath, approximately 9 g/l at 37 °C ± 5 °C, for a minimum of 10 days. 

After removal from the saline bath, the connector pair shall be subjected to successive straight pulls of 
5 N ± 0,5 N, 7,5 N ± 0,5 N, and 10 N ± 0,5 N, each for not less than 10 s. 

The maximum force that does not result in disconnection shall be recorded as the test result [see 28.4].  

Additional subclause: 

23.7 The IMPLANTABLE PULSE GENERATOR shall be constructed so that minor shocks caused by 
manhandling during the implant procedure do not damage the device. 

Test:    The IMPLANTABLE PULSE GENERATOR shall withstand the minor mechanical shock test in 
accordance with EN 60068–2–27, Test Ea, under the following conditions: 

a) shock shape: half sine or haversine; 

b) peak acceleration: 5 000 m/s2 (500 g); 

c) duration of shock: 1 ms; 

d) direction and number of shocks: one shock in each direction along three mutually perpendicular 
axes (a total of six shocks). 

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

24 Protection of the active implantable medical device from damage caused by 
electrostatic discharge 

This clause of Part 1 applies. 

25 Protection of the active implantable medical device from damage caused by 
atmospheric pressure changes  

This clause of Part 1 applies. 

26 Protection of the active implantable medical device from damage caused by 
temperature changes. 

This clause of Part 1 applies. 

27 Protection of the active implantable medical device from electromagnetic 
non-ionizing radiation. 

This clause of Part 1 applies except as follows: 
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27.1 

Replacement: 

Implantable parts of an ACTIVE IMPLANTABLE MEDICAL DEVICE shall not cause any HARM because of 
susceptibility to electrical influences due to external electromagnetic fields, whether through malfunction of 
the device, damage to the device, heating of the device, or by causing local increase of induced electrical 
current density within the patient.  

Compliance shall be confirmed if after performing the appropriate procedures described in 27.2 to 27.8, 
the values of the characteristics listed in 28.8.2 d) when measured [see 6.1] are as stated by the 
manufacturer of the IMPLANTABLE PULSE GENERATOR.  

All protection requirements shall be met for all settings of the IMPLANTABLE PULSE GENERATOR, except in 
27.4 and 27.5.1 where the sensitivity settings the manufacturer specifies according to 28.22.1 shall be 
excluded.  

NOTE This does not mean that all combinations of settings are tested but at least the setting to which the device is pre-set by the 
manufacturer should be tested completely. 

27.2 

Replacement:  

27.2 The IMPLANTABLE PULSE GENERATOR shall be constructed so that ambient electromagnetic fields 
are unlikely to cause hazardous local increases of induced electrical current density within the patient. 

NOTE The following test is intended to address the compatibility of the intracardiac signal sensing. Any additional physiological 
sensors may be turned off during testing unless otherwise specified. Tests for these additional sensors are under consideration. 

Test equipment:    Use the tissue equivalent interface circuit defined by Figure GG.101; the low pass filter 
defined by Figure GG.103; two oscilloscopes, input impedance nominal 1 MΩ; and test signal generators, 
output impedance 50 Ω. 

NOTE Care must be taken that the test signal generator does not itself produce low frequency components [see Annex HH].  

Test signal:    Two forms of test signal shall be used. 

Test signal 1 shall be a sinusoidal signal of 1 V peak-to-peak amplitude. The frequency, shall be either 
swept over the range 16,6 Hz to 20 kHz at a rate of one decade per minute, or applied at a minimum of 
four distinct, well-spaced frequencies per decade between 16,6 Hz and 20 kHz with an evenly distributed 
dwell time of at least 60 s per decade. 
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Test signal 2 shall be a sinusoidal carrier signal, frequency 500 kHz, with continuous amplitude 
modulation at 130 Hz (double sideband with carrier) [see Figure 129]. The maximum peak-to-peak voltage 
of the modulated signal shall be 2 V. The modulation index (M) shall be 95 percent, where:  

M
V v

V
pp

pp

=
−

∗ 100  

v Vpp= 2V

 

Figure 129 - Test signal 2 

Test procedure:    The test signal generator shall be connected through input C of the interface circuit as 
shown in Figure 130. The test signal shall be measured on the oscilloscope connected to monitoring 
point D.  
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Figure 130 - Test set-up for measurement of induced current flow 

The induced electrical current is measured by the oscilloscope connected to test point K through the low 
pass filter (see Figure GG.103) as shown in Figure 130. When the test signal 1 is being used, the low-
pass filter shall be switched to bypass mode. 

The capacitor Cx of the interface circuit [see Figure GG.101] shall be bypassed unless required to 
eliminate spurious low frequency signals produced by the interference signal generator [see Annex HH]. 

NOTE It is not mandatory that a current measurement be made in the period from 10 ms preceding a stimulation PULSE to 
150 ms after the stimulation PULSE. 

The IMPLANTABLE PULSE GENERATOR shall be categorised into one or more of four groups as appropriate:  

• single channel unipolar IMPLANTABLE PULSE GENERATORS shall be Group a); 

• multichannel unipolar IMPLANTABLE PULSE GENERATORS shall be Group b); 

• single channel bipolar IMPLANTABLE PULSE GENERATORS shall be Group c); 

• multichannel bipolar IMPLANTABLE PULSE GENERATORS shall be Group d).  
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NOTE A bipolar channel should be tested in unipolar and/or bipolar mode according to the programmability of the device and 
should be changed where applicable. 

Any TERMINAL of the IMPLANTABLE PULSE GENERATOR not being tested shall be connected to the channel 
under test through a resistor of value R between 10 kΩ and 100 kΩ as specified by the manufacturer.  

Group a)  The IMPLANTABLE PULSE GENERATOR shall be connected to the coupled outputs F and G of the 
tissue equivalent interface [as shown in Figure 131], with output J connected to the case.  

Pulse
Generator

 F

G

 J
 

Figure 131 - Connection to a single channel unipolar pulse generator 

Group b)  Every input/output of the IMPLANTABLE PULSE GENERATOR shall be connected in turn to the 
coupled outputs F and G of the tissue equivalent interface [as shown in Figure 132], with output J 
connected to the case. 

R

 F

G

 J

Pulse
Generator

 

Figure 132 - Connection to a multichannel unipolar pulse generator 

Group c)  Common mode performance shall be tested with the IMPLANTABLE PULSE GENERATOR connected 
to the outputs F and G of the tissue equivalent interface [as shown in Figure 133], with output J connected 
to the case. 

Differential mode performance shall be tested using the test signals reduced to one tenth amplitude. The 
IMPLANTABLE PULSE GENERATOR shall be connected between the coupled outputs F and G and the output J 
of the tissue equivalent interface [as shown in Figure 134]. 
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Figure 133 - Common mode connection to single channel bipolar pulse generator 
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Figure 134 - Differential mode connection to single channel bipolar pulse generator 
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Group d)  Common mode performance shall be tested by every input/output of the IMPLANTABLE PULSE 
GENERATOR being connected in turn to outputs F and G of the tissue equivalent interface [as shown in 
Figure 135], with output J connected to the case. 

Differential mode performance shall be tested using the test signals reduced to one tenth amplitude. Every 
input/output of the IMPLANTABLE PULSE GENERATOR shall be connected in turn between the coupled outputs 
F and G and the output J of the tissue equivalent interface [as shown in Figure 136]. 
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Figure 135 - Common mode connection to multichannel bipolar pulse generator 
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Figure 136 - Differential mode connection to multichannel bipolar pulse generator 

The current (r.m.s) shall be determined by dividing the peak-to-peak voltage reading on the oscilloscope, 
connected to test point K by 232 Ω. 

Compliance shall be confirmed if 

• for test signal 1 the measured current is not greater than that specified in Table 104, and 

• for test signal 2 the current at the modulating frequency of 130 Hz shall be not greater than 50 µA rms. 

Table 104 - Spurious injection current limits 

f Current rms 

16,6 Hz ≤  f ≤  1 kHz 50 µA  

1 kHz ≤  f ≤  20 kHz 50 µA * f ⁄1kHz  

Additional subclauses: 

27.3 The IMPLANTABLE PULSE GENERATOR shall be constructed so that ambient continuous wave 
electromagnetic fields are unlikely to cause malfunction of the IMPLANTABLE PULSE GENERATOR that 
persists after the removal of the electromagnetic field.  

NOTE The following test is intended to address the compatibility of the intracardiac signal sensing. Any additional physiological 
SENSORS may be turned off during testing unless otherwise specified. Tests for these additional SENSORS are under 
consideration. 
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Test equipment:    Use the tissue equivalent interface circuit defined by Figure GG.102; two oscilloscopes, 
input impedance nominal 1 MΩ; and a test signal generator, output impedance 50 Ω. 

Test signal:    The test signal shall be a continuous sinusoidal signal that shall be either, swept over the 
frequency range of 16,6 Hz to 140 kHz at a rate of one decade per minute, or, applied at a minimum of 
four distinct, well-spaced frequencies per decade between 16,6 Hz and 140 kHz with an evenly distributed 
dwell time of at least 60 s per decade. For frequencies, f, between 16,6 Hz and 20 kHz, the peak-to-peak 
amplitude, Vpp, shall be 1 V. For f between 20 kHz and 140 kHz, Vpp shall be 1 V increased by a factor m, 
where 

m
f
kHz

=
20

 

Test procedure:    The test signal generator shall be connected through input C of the interface circuit as 
shown in Figure 137. The test signal shall be measured on the oscilloscope connected to monitoring 
point D. The operation of the IMPLANTABLE PULSE GENERATOR is recorded on the oscilloscope connected to 
monitoring point K.  
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Figure 137 - Test set-up to check for induced malfunction 

The IMPLANTABLE PULSE GENERATOR shall be categorised into one or more of four groups as appropriate:  

• single channel unipolar IMPLANTABLE PULSE GENERATORS shall be Group a); 

• multichannel unipolar IMPLANTABLE PULSE GENERATORS shall be Group b); 

• single channel bipolar IMPLANTABLE PULSE GENERATORS shall be Group c); 

• multichannel bipolar IMPLANTABLE PULSE GENERATORS shall be Group d).  

NOTE A bipolar channel should be tested in unipolar and/or bipolar mode according to the programmability of the device and 
should be changed where applicable. 

Group a)  The IMPLANTABLE PULSE GENERATOR shall be connected to the coupled outputs H and I of the 
tissue equivalent interface [as shown in Figure 138], with output J connected to the case. 
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Figure 138 - Connection to a single channel unipolar pulse generator 
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Group b)  Every input/output of the IMPLANTABLE PULSE GENERATOR shall be connected in parallel to the 
paired, coupled outputs F and G and H and I of the tissue equivalent interface [as shown in Figure 139], 
with output J connected to the case. 
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Figure 139 - Connection to a multichannel unipolar pulse generator 

Group c)  Common mode performance shall be tested with the IMPLANTABLE PULSE GENERATOR connected 
to the outputs H and I of the tissue equivalent interface [as shown in Figure 140], with output J connected 
to the case. 

Differential mode performance shall be tested using test signal reduced to one tenth amplitude. The 
IMPLANTABLE PULSE GENERATOR shall be connected to the coupled outputs H and I and the output J of the 
tissue equivalent interface [as shown in Figure 141]. 

 

Pulse 
generator 

H

 I 

 J
 

Figure 140 - Common mode connection to a single channel bipolar pulse generator 
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Figure 141 - Differential mode connection to a single channel bipolar pulse generator 

Group d)  Common mode performance shall be tested by every input/output of the IMPLANTABLE PULSE 
GENERATOR being connected to the outputs F, G, H and I of the tissue equivalent interface [as shown in 
Figure 142], with output J connected to the case. 

Differential mode performance shall be tested using test signal reduced to one tenth amplitude. 

Every input/output of the IMPLANTABLE PULSE GENERATOR shall be connected in turn between the coupled 
outputs H and I and the output J of the tissue equivalent interface [as shown in Figure 143]. Any TERMINAL 
of the IMPLANTABLE PULSE GENERATOR not being tested shall be connected to the equivalent TERMINAL of 
the channel under test through a resistor of value R between 10 kΩ and 100 kΩ. 
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Figure 142 - Common mode connection to a multi channel bipolar pulse generator 
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Figure 143 - Differential mode connection to a multi channel bipolar pulse generator 

Compliance shall be confirmed if after application of the specified test signal, the IMPLANTABLE PULSE 
GENERATOR functions as prior to the test without further adjustment.  

27.4 The IMPLANTABLE PULSE GENERATOR shall be constructed so that ambient continuous wave 
electromagnetic fields are unlikely to cause malfunction of the IMPLANTABLE PULSE GENERATOR during the 
exposure to the electromagnetic field. 

NOTE The following test is intended to address the compatibility of the intracardiac signal sensing. Any additional physiological 
SENSORS may be turned off during testing unless otherwise specified. Tests for these additional SENSORS are under 
consideration. 

Test equipment:    Use the tissue equivalent interface circuit defined by Figure GG.102; two oscilloscopes, 
input impedance nominal 1 MΩ; an inhibition signal generator, output impedance not greater than 1 kΩ 
which provides a simulated heart signal in the form defined by Figure FF.103; and a test signal generator, 
output impedance 50 Ω. 

Test signal:    The test signal shall be a continuous sinusoidal signal applied at a minimum of four distinct, 
well-spaced frequencies per decade between 16,6 Hz to 167 kHz. At each selected frequency the test 
signal shall be slowly increased from zero to a maximum of 1 V peak-to-peak. 

Test procedure:    The test signal generator shall be connected through input C of the interface circuit as 
shown in Figure 144. The test signal shall be measured on the oscilloscope connected to monitoring 
point D of the interface circuit. 

The operation of the IMPLANTABLE PULSE GENERATOR is recorded on the oscilloscope connected to 
monitoring point K. 
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Figure 144 - Test set-up to characterise performance while subject to interference 

The IMPLANTABLE PULSE GENERATOR shall be set to its highest sensitivity (most sensitive setting), unless 
the labelling of the IMPLANTABLE PULSE GENERATOR includes a clear warning that for given settings the 
IMPLANTABLE PULSE GENERATOR will be influenced by the test signal, in which case the IMPLANTABLE PULSE 
GENERATOR shall be set to its highest sensitivity for which the manufacturer claims compliance with this 
standard [see 28.22.1]. Other parameters shall be programmed to values that enable the person 
conducting the test to observe the point when the test signal is detected by the IMPLANTABLE PULSE 
GENERATOR.  

The test shall be performed with the IMPLANTABLE PULSE GENERATOR in the pacing mode and in a 
synchronised mode when it is not possible to distinguish between uninfluenced mode and interference 
mode of operation.  

The IMPLANTABLE PULSE GENERATOR shall be set in synchronised mode by a signal from the inhibition 
signal generator connected to test point E of the interface [as shown in Figure 144]. The amplitude shall 
be set at twice the value that just synchronises the IMPLANTABLE PULSE GENERATOR under test [see 6.1.2] 
and the interval shall be 800 ms or 90 % of the programmed BASIC PULSE INTERVAL as shipped, whichever 
is the shorter.  

NOTE When the IMPLANTABLE PULSE GENERATOR is synchronised by the inhibition signal generator, this should be set without 
the test signal being applied.  

Differential mode performance shall be tested using test signal reduced to one tenth amplitude. 

The IMPLANTABLE PULSE GENERATOR shall be categorised into one of four groups as required by 27.3 and 
connected to the tissue equivalent interface according to Figure 138, Figure 139, Figure 140 and 
Figure 141, or Figure 142 and Figure 143, as applicable. 

Compliance shall be confirmed if while the test conditions are varied as required, the IMPLANTABLE PULSE 
GENERATOR continues to operate as set or in its interference mode as characterised by the manufacturer.  

If for some value of the test conditions, the IMPLANTABLE PULSE GENERATOR changes from its set mode to 
its interference mode, or vice versa, then no pause longer than twice the pre-set interval shall occur 
unless the change of mode is completed within a change by a factor of two in voltage of the test signal. 
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27.5 The IMPLANTABLE PULSE GENERATOR shall be constructed so that commonly encountered 
modulated electromagnetic fields are unlikely to change the therapeutic behaviour of the IMPLANTABLE 
PULSE GENERATOR. 

NOTE The following test is intended to address the compatibility of the intracardiac signal sensing. Any additional physiological 
SENSORS may be turned off during testing unless otherwise specified. Tests for these additional SENSORS are under 
consideration. 

The IMPLANTABLE PULSE GENERATOR shall be set to its most sensitive setting in both unipolar and bipolar 
modes for which the manufacturer claims compliance with this standard [see 28.22.1]. For frequencies 
above 1 kHz the least sensitive settings acceptable for compliance are 2,0 mV sensitivity in the unipolar 
sensing mode and 0,3 mV sensitivity in the bipolar sensing mode, or the SENSITIVITY as shipped, 
whichever is the more sensitive. 

The tests shall be performed with the IMPLANTABLE PULSE GENERATOR in the pacing mode and in a 
synchronised mode when it is not possible to distinguish between uninfluenced mode and interference 
mode of operation. The IMPLANTABLE PULSE GENERATOR shall be set in synchronised mode by a signal 
from the inhibition signal generator. The amplitude shall be set at twice the value that just synchronises 
the IMPLANTABLE PULSE GENERATOR under test [see 6.1.2] and the interval shall be 800 ms or 90 % of the 
programmed BASIC PULSE INTERVAL as shipped, whichever is the shorter. 

27.5.1 Immunity from signals in the range 16,6 Hz - 150 kHz  

Test equipment:    Use the tissue equivalent interface circuit defined by Figure GG.102; two oscilloscopes, 
input impedance nominal 1 MΩ, < 30 pF, the oscilloscope to be connected to output D of the interface 
circuit having a bandwidth of at least 20 MHz; an inhibition signal generator, output impedance not greater 
than 1 kΩ, which provides a signal of the form defined by Figure FF.103; and a test signal generator, 
output impedance of 50 Ω.  

Test signal:    The test signal shall be a modulated signal, carrier frequency, f, between 16,6 Hz and 
150 kHz. The carrier shall be switched at zero amplitude 100 ms on, 600 ms off [see Figure 145]. The 
burst shall start and terminate at a zero crossings of the carrier and only complete carrier cycles shall be 
used. 

100 ms

700 ms

Vpp

 

Figure 145 - Test signal for frequencies in the range 16,6 Hz - 150 kHz 

The amplitude of the test signal (Vpp) is defined as the peak to peak amplitude of the open circuit voltage 
driving the IMPLANTABLE PULSE GENERATOR at the outputs of the tissue interface. The amplitude of the test 
signal, Vpp, shall be a function of the carrier frequency f, as defined by Table 105. 
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Table 105 - Peak to peak amplitudes Vpp in the range 16,6 Hz to 150 kHz 

f Vpp 

16,6 Hz ≤   f ≤  1 kHz 2 mV  

1 kHz ≤   f ≤  3 kHz 2 mV * (f /1 kHz)2 

3 kHz ≤   f ≤  150 kHz 6 mV * f /1 kHz 

Test procedure:    The test signal generator shall be connected to the tissue equivalent interface circuit 
through input C as shown in Figure 144. The test signal shall be measured on the oscilloscope connected 
to monitoring point D. The operation of the IMPLANTABLE PULSE GENERATOR shall be recorded on the 
oscilloscope connected to monitoring point K. 

The capacitor CX of the interface circuit [see Figure GG.102] shall be bypassed unless required to 
eliminate spurious low frequency signals produced by the interference signal generator [see Annex HH]. 

The modulated signal shall be applied at a minimum of four distinct, well-spaced frequencies per decade 
between 16,6 Hz and 150 kHz with an evenly distributed dwell time of at least 60 s per decade. (Vpp can 
be measured directly at connector D of the tissue interface.) 

NOTE 1 Care must be taken that the interference generator does not itself produce low frequency components. 

NOTE 2 When the IMPLANTABLE PULSE GENERATOR is synchronised by the inhibition signal generator, this should be set 
without the modulated test signal being applied. 

If the IMPLANTABLE PULSE GENERATOR under test is a multi channel device, it shall be programmed to 
minimise the occurrence of possible cross-talk between channels. 

Differential mode performance shall be tested using test signal reduced to one tenth amplitude. The 
IMPLANTABLE PULSE GENERATOR shall be categorised into one of four groups as required by 27.3 and 
connected to the tissue equivalent interface according to Figure 138, Figure 139, Figure 140 and 
Figure 141, or Figure 142 and Figure 143, as applicable. 

Compliance shall be confirmed if the IMPLANTABLE PULSE GENERATOR at all times functions in its set mode 
irrespective of the application of the required modulated signal.  

For those sensitivity settings of the IMPLANTABLE PULSE GENERATOR for frequencies up to 1kHz at which a 
change of pacing pattern occurs, compliance shall be confirmed if an appropriate warning is provided in 
the accompanying documentation [see 28.22.1].  

27.5.2 Immunity from signals in the range 150 kHz - 10 MHz  

Test equipment:    Use the test equipment defined by 27.5.1 

Test signal:    The test signal shall be a modulated signal, carrier frequency, f, between 150 kHz  and  
10 MHz. The carrier shall be amplitude modulated with a 130 Hz sinusoidal wave to create modulation 
bursts of 100 ms duration. The burst to burst interval, T, shall be measured leading to leading edge 
[see Figure 146].  
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100 ms

T

v

Vpp

 

Figure 146 - Test signal for frequencies 150 kHz - 450 MHz  

The modulation bursts shall start and terminate at zero crossings of the modulation signal (thus the 
envelope starts and terminates at a value of 100 %). The burst counts 13 complete modulation cycles. 
The modulation index shall M shall be 95 %, where: 

M
V v

V
pp

pp
=

−
∗100  

The burst to burst interval (T) of the test signal shall be set to 700 ms ± 50 ms. 

The amplitude of the test signal (Vpp) is defined as the peak to peak amplitude of the open circuit voltage 
driving the IMPLANTABLE PULSE GENERATOR at the outputs of the tissue interface. The amplitude of the test 
signal, Vpp, shall be a function of the carrier frequency f, as defined by Table 106. 

Table 106 - Peak to peak amplitudes Vpp in the range 150 kHz to 10 MHz 

f Vpp 

150 kHz ≤   f ≤  167 kHz 6 mV * f /1 kHz 

167 kHz   f   1 MHz 1 V 

1 MHz   f   10 MHz 1 V * f /1 MHz 

Test procedure:    The modulated signal shall be applied at a minimum of four distinct, well-spaced 
frequencies per decade between 150 kHz and 10 MHz with an evenly distributed dwell time of at least 
60 s per decade. (Vpp can be measured directly at connector D of the tissue interface.) The test 
configuration and procedure shall be otherwise as required by 27.5.1. 

Compliance shall confirmed if the IMPLANTABLE PULSE GENERATOR at all times functions in its set mode 
irrespective of the application of the required modulated signal. 

27.5.3 Immunity from signals in the range 10 MHz - 450 MHz  

Test equipment:    Use the tissue injection network defined by Figure GG.104; an oscilloscope, #1, input 
impedance 50 Ω, accuracy of ± 10 % within a bandwidth of at least 450 MHz; an oscilloscope,#2, input 
impedance nominal 1 MΩ, an inhibition signal generator, output impedance not greater than 1 kΩ, which 
provides a signal of the form defined by Figure FF.103; a test signal generator, output impedance 50 Ω. 
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Test signal:    The test signal shall be a modulated signal of the form defined by 27.5.2 [see Figure 146]. 
The modulated signal shall be applied at carrier frequencies of 20 MHz, 50 MHz, 100 MHz and 200 MHz 
with dwell times of at least 15 s at each frequency. The amplitude of the test signal (Vpp) is defined as the 
peak to peak amplitude of the open circuit voltage driving the IMPLANTABLE PULSE GENERATOR at the 
outputs (F, G) of the injection network. The amplitude of the test signal, Vpp, shall be 10 V. 

Test procedure:    The test signal generator shall be connected to the injection network through input C as 
shown in Figure 147. The test signal generator shall be adjusted so that the test signal amplitude 
measured on the oscilloscope #1 connected to monitoring point D (Vosc) when multiplied by the calibration 
factor for the injection network, determined according to the method of Annex II, is equal to the required 
test signal amplitude, Vpp. 
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Figure 147 – Test set-up to check for malfunction at high frequency 

NOTE The peak to peak amplitude of the test signal, Vpp, cannot be measured directly at any connector of the injection network 
during the test. Therefore it must be calculated from the voltage at connector D, Vosc, by applying the calibration factor, m, of 
Annex II. 

Connections between outputs F and G and the IMPLANTABLE PULSE GENERATOR shall be by copper straps, 
width ≥ 5 mm, length ≤ 50 mm (not including the length of the standard connector pin inserted into the 
device header). Unused ports on the injection network shall be fitted with 50 Ω terminations. 

Unipolar IMPLANTABLE PULSE GENERATORs shall be connected to output F of the injection network [as 
shown in Figure 148], with the outer braid of the co-axial feed connected to the case. Each channel of a 
multichannel device shall be tested in turn and any channel not under test shall be turned off and 
connected to a load of 500 Ω (RL) [see Figure 148]. 
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Figure 148 - Connection to a unipolar pulse generator 
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Bipolar IMPLANTABLE PULSE GENERATORs shall be connected to outputs F and G of the injection network [as 
shown in Figure 149], with the outer braid of the co-axial feeds connected to the case. Each channel of a 
multichannel device shall be tested in turn and any channel not under test shall be turned off and 
connected to a load of 500 Ω (RL) [see Figure 149]. 
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Figure 149 - Connection to a bipolar pulse generator 

Compliance shall be confirmed if the IMPLANTABLE PULSE GENERATOR at all times functions in its set mode 
irrespective of the application of the required modulated signal. 

27.5.4 Immunity from signals in the range 450 MHz - 3 GHz  

Procedure:    No test is required for IMPLANTABLE PULSE GENERATORS that provide a feed-thru filter at the 
case for all through-shield connections and the filters can be demonstrated to have an insertion loss of 
greater than 30 dB when measured with a 50 Ω source impedance OR in a balanced 50 Ω system at 
frequencies of 450, 600, 800, 825, 850, 875, 900, 930, 1 610, 1 850, 1 910, 2 450, and 3 000 MHz. 

Test:    The IMPLANTABLE PULSE GENERATOR shall be subjected to the required test procedure in Clause 6 
of AAMI PC69.  

Compliance shall be confirmed either 

• by inspection of a design analysis of the feed-thru filters provided by the manufacturer, supported by 
data and calculations from test studies as appropriate, or 

• the IMPLANTABLE PULSE GENERATOR complies with the applicable performance criteria in 6.5 of AAMI 
PC69 at each frequency tested. 

27.6 The IMPLANTABLE PULSE GENERATOR shall not be affected by static magnetic fields of flux density 
of up to 1 mT. 

Test equipment:    Use a test signal generator which provides a signal in the form defined by Annex FF, 
Figure FF.103; an oscilloscope; 51 kΩ ± 1 % and 500 Ω ± 1 % resistors; and a field coil, capable of 
generating a uniform magnetic field with a flux density of up to 1 mT ± 0,1 mT in the region to be occupied 
by the IMPLANTABLE PULSE GENERATOR.  
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Figure 150 - Test set-up for magnetostatic measurements  

Test procedure:    A 500 Ω ± 1 % load resistor (RL) is connected between terminals S and T [see 
Figure 150], with the monitoring oscilloscope is connected to terminal S. The signal from the test signal 
generator shall be injected at terminal S through a 51 kΩ ± 1 % feed resistor (R).  

For unipolar IMPLANTABLE PULSE GENERATORS, output S shall be connected to the TERMINAL of the channel 
under test and output T to the IMPLANTABLE PULSE GENERATOR case.  

For bipolar IMPLANTABLE PULSE GENERATORS, outputs S and T shall be connected to the TERMINALs of the 
channel under test. Channels not under test shall be loaded with 500 Ω ±1 % resistors. 

The IMPLANTABLE PULSE GENERATOR shall be set in synchronised mode by the signal from the test signal 
generator. The amplitude of the test signal shall be twice the amplitude that just synchronises the 
IMPLANTABLE PULSE GENERATOR under test [see 6.1.2]. 

The magnetic field shall be set to a flux density of 1 mT ± 0,1 mT in the region where the IMPLANTABLE 
PULSE GENERATOR will be placed. 

While remaining connected to the test equipment, the IMPLANTABLE PULSE GENERATOR shall be placed 
within the coil, centred in its field, and aligned so that the most sensitive axis of the IMPLANTABLE PULSE 
GENERATOR is parallel to the axis of the coil. The magnetic field shall be maintained for at least one 
minute. 

NOTE 1 Care should be given to avoid wire-loops. 

NOTE 2 The field shall be measured in the absence of the IMPLANTABLE PULSE GENERATOR. 

Compliance shall be confirmed if the IMPLANTABLE PULSE GENERATOR remains inhibited while the magnetic 
field is applied. 

27.7 The IMPLANTABLE PULSE GENERATOR shall not remain functionally affected after exposure to 
stronger static magnetic fields of flux density of up to 10 mT. 

Test equipment:    Use a field coil, capable of generating a uniform magnetic field with a flux density of up 
to 10 mT ± 1 mT in the region to be occupied by the IMPLANTABLE PULSE GENERATOR. 

Test procedure:    The IMPLANTABLE PULSE GENERATOR shall be placed within a coil, centred in the field and 
aligned so that the most sensitive axis of the IMPLANTABLE PULSE GENERATOR is parallel to the axis of the 
coil. 
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The magnetic field flux density shall be set to strength of 1 mT. The field flux density shall be slowly 
increased to 10 mT and held at this level for at least 1 min. Then the magnetic field flux density shall be 
slowly reduced to zero. 

NOTE If a uniform magnetic field of flux density of up to 10 mT ± 1 mT is not achievable in the region of the IMPLANTABLE PULSE 
GENERATOR the test may be repeated after repositioning the IMPLANTABLE PULSE GENERATOR. The test is repeated as many 
times as is necessary to ensure the entire device is exposed to the 10 mT field flux density. 

Compliance shall be confirmed if within five seconds after the magnetic field is removed the IMPLANTABLE 
PULSE GENERATOR functions as prior to the test without adjustment. 

27.8 The IMPLANTABLE PULSE GENERATOR shall be constructed so that ambient time-variable magnetic 
fields are unlikely to cause any malfunction of the IMPLANTABLE PULSE GENERATOR that persists after 
removal of the magnetic field. 

Test equipment:    Use a radiating coil, diameter  12 cm and exceeding the largest PULSE generator linear 
dimension by 50 %, and a calibration coil, diameter ≤ 4 cm. The radiating coil shall be energised by a 
signal generator. 

Radiating
loop 

Field monitoring 
loop 

 
Figure 151 - Loop configuration for varying magnetic field test  

Test field:    The test magnetic field, H, shall be sinusoidally modulated at a frequency, f, as defined by 
Table 107. 

Table 107 - Sinusoidally modulated magnetic field strengths 

f H rms (minimum) 

1 kHz  f  100 kHz 150 A/m 

100 kHz  f  140 kHz 150 A/m *100 kHz/f  

Test procedure:    Using the calibration coil, determine the signal levels applied to the radiating coil that 
produce the magnetic field, H, in the centre of the radiating coil [see Figure 151]. Remove the calibration 
coil. 

Place the centre of the IMPLANTABLE PULSE GENERATOR at the field intensity calibration point. Load the 
cardiac lead TERMINALS of the IMPLANTABLE PULSE GENERATOR LEAD interface as specified by the 
manufacturer using care to minimize loop areas of connections. Generate the required fields by either 
sweeping the test signal over the required frequency range at a maximum rate of one decade per minute 
or by applying the test signal at four distinct, well spaced frequencies per decade with an evenly 
distributed dwell time of at least 60 s per decade. 

NOTE Observe care to slowly increase or decrease the field intensity when applying or removing the test signal.  
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Re-orientate the IMPLANTABLE PULSE GENERATOR so that a second orthogonal axis is aligned with the axis 
of the radiating loop and again subject the IMPLANTABLE PULSE GENERATOR to the required fields. Then 
repeat again with the third orthogonal axis aligned with the axis of the radiating loop. 

Compliance shall be confirmed if after application of the specified test signal, the IMPLANTABLE PULSE 
GENERATOR functions as prior to the test without further adjustment.  

28 Accompanying documentation 

This clause of Part 1 applies except as follows: 

28.1 

Replacement: 

The accompanying documentation shall include the name and address of the manufacturer, the address 
being the postal address and telephone number. 

Compliance shall be confirmed by inspection. 

28.8 

Additional subclauses: 

28.8.1 The description of the device shall include the following information, as appropriate: 

a) For IMPLANTABLE PULSE GENERATORS: 

1) a general description, explanation of function, available pacing modes, and a description 
of the heart/IMPLANTABLE PULSE GENERATOR interaction for each bradyarrhythmia pacing 
mode; 

NOTE Instead of using a description in words, the mode codes defined in Annex DD may be used in the 
MARKINGS and accompanying documentation to designate the pacing mode of the IMPLANTABLE PULSE 
GENERATOR.  

2) a description of other functions (e.g. antitachycardia pacing features, etc.).  

b) For LEADS:  

1) the configuration (unipolar, etc.); 

2) other characteristics (e.g., drug dispensing means, etc.).  

c) For ADAPTORS:  

the configuration (unipolar, etc.).  

Compliance shall be confirmed by inspection.  
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28.8.2 The device specifications and characteristics for an IMPLANTABLE PULSE GENERATOR shall include 
the following information, as appropriate:  

a) For the connectors: 

1) The sensing, pacing configuration (bipolar, unipolar, other); 

2) The connector geometry (bore depths and diameters in millimetres), or a reference to 
published connector standards including any designations or markings; 

3) An explanation of any markings used to identify the connector on the IMPLANTABLE PULSE 
GENERATOR [see 13.1.1]. 

b) The physical characteristics, including:  

1) the mass of the IMPLANTABLE PULSE GENERATOR (in grams); 

2) the principal dimensions (in millimetres); 

3) the volume of the IMPLANTABLE PULSE GENERATOR (in cubic centimetres);  

4) a general description of the materials, including coatings, which will come into contact with 
human tissue.  

c) If an ELECTRODE is an integral part of the IMPLANTABLE PULSE GENERATOR, then the electrode 
material and its surface area (in square centimetres).  

d) The electrical characteristics [see 6.1], nominal values and values as shipped (including ranges 
and tolerances), at 37 °C ± 2 °C and 500 Ω ± 1 % load (unless otherwise noted), including as 
applicable:  

1) ranges of BASIC RATE, TEST PULSE RATE, and INTERFERENCE PULSE RATE and the equivalent 
PULSE INTERVALS (and ESCAPE INTERVALS) (in reciprocal minutes and milliseconds); 

2) the PULSE shape (for example, by diagram) with the points which define the PULSE 
AMPLITUDE and PULSE DURATION identified (see Figure FF.101 and Figure FF.102); 

3) the PULSE AMPLITUDE (in volts or milliamperes); 

4) the PULSE DURATION (in milliseconds); 

5) the INPUT IMPEDANCE (in kilo-ohms); 

6) the SENSITIVITY range for both positive and negative polarities, together with a description of 
the waveform used (see Figure FF.103); 

7) the REFRACTORY PERIODS, pacing, sensing, and, if applicable, PVARP (in milliseconds); 

8) the AV INTERVALS, pacing and sensing (in milliseconds); 

9) the MAXIMUM TRACKING RATE range (in reciprocal minutes) 

e) Any non-programmable characteristics measured in 6.1, and the PULSE rate limit (runaway 
protection) in reciprocal minutes (with tolerances), at 37 °C ± 2 °C and 500 Ω ± 1 % load (unless 
otherwise noted).  

f) Recommended methods for determining that the implanted PACEMAKER is functioning properly.  

g) Any recommendation regarding the use of LEAD(S) [see also 28.4 of EN 45502-1].  

Compliance shall be confirmed by inspection.  
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28.8.3 The device specification and characteristics for a LEAD shall include the following information, as 
appropriate: 

a) A general description of the materials used for the conductor(s), connector pin and insulation, 
and the shape, materials, and configuration of the ELECTRODE(S).  

b) A statement advising whether the LEAD contains a medicinal substance as an integral 
component, giving the identity of the medicinal substance.  

c) The physical dimensions, including (nominal value):  

1) the length (in centimetres); 

2) the geometric surface area of ELECTRODE(S) (in square millimetres); 

3) the INSERTION DIAMETER of a TRANSVENOUS LEAD (except for connector end) (in millimetres) 
and the size of the appropriate introducer (in French); 

4) the distance(s) between ELECTRODES (bipolar or multipolar ENDOCARDIAL LEADS) (in 
millimetres); 

5) the maximum depth of penetration into the tissue, if applicable (in millimetres); 

6) the connector geometry (lengths and diameters in millimetres), or a reference to 
published connector standards including any designations or markings; 

7) the type of SENSOR, if applicable, with description and compatibility with the IMPLANTABLE 
PULSE GENERATOR.  

d) The electrical parameters of the LEAD [see 6.2], including:  

1) the LEAD CONDUCTOR RESISTANCE (in ohms); 

2) the LEAD PACING IMPEDANCE (in ohms); 

3) the LEAD SENSING IMPEDANCE (in ohms).  

e) Any recommendations regarding use with IMPLANTABLE PULSE GENERATORS [see also 28.4 of 
EN 45502–1].  

Compliance shall be confirmed by inspection.  

28.8.4 The device specification and characteristics for an ADAPTOR shall include the following 
information, as appropriate:  

a) A general description of the materials used for the conductor, connector pin and insulation.  

b) The compatible IMPLANTABLE PULSE GENERATORS and LEADS [in particular, see 23.6 and the 
compatibility with proprietary IMPLANTABLE PULSE GENERATOR locking mechanisms).  

c) The physical dimensions (nominal values) including geometry, lengths, and diameters (in 
millimetres), including any designations or MARKINGS defined in the applicable connector 
standards.  

Compliance shall be confirmed by inspection.  
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28.8.5 The device specification and characteristics for accessories shall include a general description 
of the materials used if they are intended to remain in contact with body tissues.  

Compliance shall be confirmed by inspection.  

28.19  

Replacement:  

The accompanying documentation for an IMPLANTABLE PULSE GENERATOR shall include the following 
information, as appropriate to allow the lifetime of the power source to be estimated.  

a) Characteristics of the power source(s), including:  

1) the manufacturer(s), model designations(s), type(s), and the number and arrangement of 
cells; 

2) the usable capacity of the power source [see 19.2.2]; 

3) the estimated residual usable capacity at recommended replacement time.  

b) Current consumption of the IMPLANTABLE PULSE GENERATOR, both when pacing into 500 Ω ± 1 % 
load(s) and when inhibited, at BEGINNING OF SERVICE and set to the most comprehensive pacing 
mode available with other parameters programmed to the manufacturer’s recommended 
settings.  

c) The nominal PROJECTED SERVICE LIFE of the IMPLANTABLE PULSE GENERATOR, under specified 
conditions [see 19.2.1].  

d) Information correlating the POWER SOURCE INDICATOR with the IMPLANTABLE PULSE GENERATOR 
characteristics (measured at 37 °C ± 2 °C and 500 Ω ± 1 %) and modes, including as applicable:  

1) the BASIC RATE and BASIC PULSE INTERVAL (in reciprocal minutes and in milliseconds); 

2) the TEST PULSE RATE and TEST PULSE INTERVAL (in reciprocal minutes and in milliseconds); 

3) the PULSE DURATION(s) (in milliseconds); 

4) the PULSE AMPLITUDE(s) (in volts or milliamperes);  

5) the SENSITIVITY (in millivolts); 

6) any pacing mode change.  

NOTE Changes of characteristics that can be used as POWER SOURCE INDICATOR(S) in accordance with 19.2 
should be identified.  

e) The PROLONGED SERVICE PERIOD, and the conditions under which the PROLONGED SERVICE 
PERIOD is derived. 

Compliance shall be confirmed by inspection.  
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28.22  

Additional subclauses:  

28.22.1 If the IMPLANTABLE PULSE GENERATOR permits settings more sensitive than those warranted as 
complying with the tests defined in 27.5, the manufacturer shall provide a warning that these settings may 
cause the IMPLANTABLE PULSE GENERATOR to be more susceptible to electromagnetic interference, and 
that patients requiring such settings should be under medical direction. 

Compliance shall be confirmed by inspection.  

28.22.2 The accompanying documentation for a PACEMAKER shall include warnings about recognized 
hazardous behaviour, if any, of the IMPLANTABLE PULSE GENERATOR when subjected to environmental 
electric, electromagnetic and magnetic fields that are not covered by the tests in this Part 2-1. Additionally, 
the accompanying documentation shall include advice a clinician may consider providing to the patient on 
potential interactions with specific equipment, such as anti-theft devices, portable telephones, etc.  

Compliance shall be confirmed by inspection.  
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Annex AA 
(informative) 

 
Table of cross-references from 90/385/EEC to EN 45502-2-1 

This Annex provides a cross reference between the essential requirements listed in Annex 1 of the Active 
Implantable Medical Device Directive (90/385/EEC), the clauses of EN 45502–1, and the requirements of 
this Part 2-1. Unless specified otherwise, the requirements of EN 45502–1 apply to the covered devices.  

Table AA.1 

DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

1 The devices must be 
designed and manufactured in 
such a way that, when implanted 
under the conditions and for the 
purposes laid down, their use does 
not compromise the clinical 
condition or the safety of patients. 
They must not present any risk to 
the persons implanting them or, 
where applicable, to other persons.  

8.1 

10.4 

19.3 

* retained 

* retained 

* retained 

2 The devices must achieve 
the performances intended by the 
manufacturer, viz. be designed and 
manufactured in such a way that 
they are suitable for one or more of 
the functions referred to in the 
definition of active implantable 
medical device as specified by him.  

 

 

 

 

10.4 

19.3 

6.1 Measurement of 
IMPLANTABLE PULSE 
GENERATOR characteristics 

6.2 Measurement of the 
electrical parameters of a 
LEAD  

* retained 

* retained 

3 The characteristics and 
performances referred to in 1 and 2 
must not be adversely affected to 
such a degree that the clinical 
condition and safety of the patients 
or, as appropriate, of other persons 
are compromised during the 
lifetime of the device anticipated by 
the manufacturer, where the device 
is subjected to stresses which may 
occur during normal conditions of 
use.  

 

19.2 

 

 

19.3 

23.1 

23.2 

23.3 

23.4 

19.2 replacement  

19.2.1 PROJECTED SERVICE LIFE 

19.2.2 USABLE CAPACITY 

* retained 

* retained 

23.2 test changed 

23.3 specific test given 

* retained 

3. (continued) 23.5 

23.6 

26.1 

28.23 

23.5 specific test given  

23.6 test changed  

* retained 

* retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

4. The devices must be 
designed, manufactured and 
packed in such a way that their 
characteristics and performances 
are not adversely affected in the 
storage and transport conditions 
laid down by the manufacturer 
(temperature, humidity, etc.).  

 

7.2 

9.1 

10.1 

10.2 

19.3 

26.2 

* retained 

* retained 

* retained 

* retained 

* retained 

* retained 

5. Any side effects or 
undesirable conditions must 
constitute acceptable risks when 
weighed against the performances 
intended.  

 

19.3 

19.4 

* retained 

* retained 

6. The solutions adopted by the 
manufacturer for the design and 
construction of the devices must 
comply with safety principles taking 
account of the generally 
acknowledged state of the art.  

 

14.3 * retained 

7. Implantable devices must be 
designed, manufactured and 
packed in a non-reusable pack 
according to appropriate 
procedures to ensure they are 
sterile when placed on the market 
and, in the storage and transport 
conditions stipulated by the 
manufacturer, remain so until the 
packaging is removed and they are 
implanted.  

 

7.1 

7.2 

9.8 

10.2 

11.7 

11.9 

12.1 

12.2 

14.1 

* retained 

* retained 

* retained 

* retained 

* retained 

* retained 

* retained 

* retained 

* retained 

8. Devices must be designed 
and manufactured in such a way as 
to remove or minimise as far as 
possible:   
 

  

8.i the risk of physical injury in 
connection with their physical, 
including dimensional, features, 

15.1 

15.2 

* retained 

* retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

8.ii risks connected with the use 
of energy sources with particular 
reference, where electricity is used, 
to insulation, leakage currents and 
overheating of the devices, 

16.1 

16.2 
 

16.3 

 

17.1 

26.1 

* retained 

16.2 limit tightened 
specific test given 

16.3 replaced by new 23.3 

16.4 runaway protection required 

* retained 

* retained 

8.iii risks connected with reason-
ably foreseeable environmental 
conditions such as magnetic fields, 
external electrical influences, 
electrostatic discharge, pressure or 
variations in pressure and 
acceleration, 

23.1 

23.2 
 

 
 

24.1 

25.1 

26.1 

26.2 

27.1 

 

* retained 

23.2 sinusoidal vibration test 
substituted 

23.7 mechanical shock test 
specified 

* retained 

* retained 

* retained 

* retained 

27.1 replacement 

27.2 test for induced currents 

27.3 test against malfunction 

27.4 test against background emi 

27.5 test against environmental 
 electromagnetic signals 

8.iii (continued)  27.6 test against weak magnetic 
fields 

27.7 test against stronger magnetic 
fields 

27.8 test against time variable 
magnetic fields 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

8.iv risks connected with medical 
treatment, in particular those 
resulting from the use of 
defibrillators or high-frequency 
surgical equipment, 

 

20.1 

20.2 

21.1 

22.1 

 
 

28.12 

28.13 

28.14 

28.15 

16.4 runaway protection required 

* retained 

* retained 

* retained 

* retained 

21.2 test against stray surgical 
diathermy currents 

* retained 

* retained 

* retained 

* retained 

8.v risks connected with ionising 
radiation from radioactive 
substances included in the device, 
in compliance with the protection 
requirements laid down in Directive 
80/836/Euratom, as amended by 
Directives 84/467/Euratom and 
84/466/Euratom, 

9.1 

18.1 

18.2 

18.3 

28.2 

* retained 

* retained 

* retained 

* retained 

* retained 

8.vi risks which may arise where 
maintenance and calibration are 
impossible, including excessive 
increase of leakage currents, - 
ageing of the materials used, - 
excess heat generated by the 
device, - decreased accuracy of 
any measuring or control 
mechanism.  

17.1 

19.1 

19.2 

* retained 

* retained 

19.2 replacement  

19.2.1 PROJECTED SERVICE LIFE 

19.2.2 USABLE CAPACITY 

9. The devices must be 
designed and manufactured in 
such a way as to guarantee the 
characteristics and performances 
referred to in ‘General 
requirements’, with particular 
attention being paid to:  

  

9.i the choice of materials used, 
particularly as regards toxicity 
aspects, 

14.2 

14.3 

14.2 replacement 

* retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

9.ii mutual compatibility between 
the materials used and biological 
tissues, cells and body fluids, 
account being taken of the 
anticipated use of the device, 

14.3 * retained 

9.iii compatibility of the devices 
with the substances they are 
intended to administer,  

  

9.iv the quality of the connec-
tions, particularly in respect of 
safety, 

 

9.9 

11.8 

23.6 

* retained 

* retained 

23.6 test changed 

9.v the reliability of the source of 
energy, 

 

19.2 19.2 replacement  

19.2.1 PROJECTED SERVICE LIFE 

19.2.2 USABLE CAPACITY 

9.vi if appropriate, that they are 
leak proof,  

 

25.1 * retained 

 

9.vii proper functioning of the 
programming and control systems, 
including software.  

19.3 * retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

10. Where a device incor-
porates, as an integral part, a 
substance which when used 
separately, is likely to be 
considered to be a medicinal 
product as defined in Article 1 of 
Directive 65/65/EEC, and whose 
action in combination with the 
device may result in its 
bioavailability, the safety, quality 
and usefulness of the substance, 
account being taken of the purpose 
of the device, must be verified by 
analogy with the appropriate 
methods specified in Directive 
75/318/EEC, as last amended by 
Directive 89/341/EEC.  

 

 

14.4 * retained 

 

11. The devices and, if 
appropriate, their component parts 
must be identified to allow any 
necessary measure to be taken 
following the discovery of a 
potential risk in connection with the 
devices and their component parts.  

 

8.2 

13.1 

 
 

 
 

13.2 

* retained 

13.1 rub test deleted 

13.1.1 MARKINGS for IMPLANTABLE PULSE
GENERATORS specified 

13.1.2 MARKINGS for LEADS and 
ADAPTORS specified 

* retained 

 

12. Devices must bear a code by 
which they and their manufacturer 
can be unequivocally identified 
(particularly with regard to the type 
of device and year of 
manufacture); it must be possible 
to read this code, if necessary, 
without the need for a surgical 
operation.  

 

 

13.3 
 

28.6 

13.3 radio-opaque identifier 
required 

* retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

13. When a device or its 
accessories bear instructions 
required for the operation of the 
device or indicate operating or 
adjustment parameters, by means 
of a visual system, such 
information must be 
understandable to the user and, as 
appropriate, the patient.  

13.4 * retained 

14.1. Every device must bear on 
the sterile pack, legibly and 
indelibly, the following particulars, 
where appropriate in the form of 
generally recognised symbols:  
 

12.3 * retained 

11.10 specific requirements for 
IMPLANTABLE PULSE GENERATORS 

11.11 specific requirements for 
LEADS 
 

14.1.i the method of 
sterilisation,  

11.2 * retained 

14.1.ii  an indication permitting 
this packaging to be recognised as 
such,  

11.3 * retained 

14.1.iii the name and address of 
the manufacturer 

11.1 * retained 

14.1.iv a description of the 
device, 

11.6 

11.7 
 

* retained 

* retained 

14.1.v if the device is intended 
for clinical investigations, the words 
‘exclusively for clinical 
investigations’, 

 (only regulatory requirement) 

14.1.vi if the device is custom- 
made, the words: ‘custom-made 
device’. 

 (only regulatory requirement) 

14.1.vii a declaration that the 
implantable device is in a sterile 
condition, 

11.2 * retained 

14.1.viii the month and year of 
manufacture, 

11.4 * retained 

14.1.ix an indication of the time 
limit for implanting a device safely. 

11.5 * retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

14.2 Every device must bear on 
the sale packaging, legibly and 
indelibly, the following particulars, 
where appropriate in the form of 
generally recognised symbols: 

10.3 10.3 additional note on removable 
stickers 

14.2.i the name and address of 
the manufacturer, 

9.2 * retained 

14.2.ii a description of the device, 9.3 * retained 

14.2.iii the purpose of the device, 9.10 * retained 

14.2.iv the relevant characteristics 
for its use, 

9.4 9.4 note added 

9.4.1 specific requirements for 
IMPLANTABLE PULSE GENERATORS 

9.4.2 specific requirements for 
LEADS 

14.2.v if the device is intended for 
clinical investigations, the words: 
‘exclusively for clinical 
investigations’, 

 (only regulatory requirement) 

14.2.vi if the device is custom- 
made. the words: ‘custom-made 
device’, 

 (only regulatory requirement) 

14.2.vii a declaration that the 
implantable device is in a sterile 
condition, 

9.5 * retained 

14.2.viii the month and year of 
manufacture, 

9.6 * retained 

14.2.ix an indication of the time 
limit for implanting a device safely, 

9.7 9.7 date format defined 

14.2.x the conditions for trans-
porting and storing the device. 

9.11 * retained 

15. When placed on the market, 
each device must be accompanied 
by instructions for use giving the 
following particulars: 

 

10.4 * retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

15.i the year of authorisation to 
affix the CE mark, 

 

 (only regulatory requirement) 

15.ii the details referred to in 14.1 
and 14.2, with the exception of 
those referred to in the eighth and 
ninth indents, 

28.1 
 

28.3 

28.16 

28.21 

28.1 postal address & telephone no. 
required 

* retained 

* retained 

* retained 
 

15.iii the performances referred to 
in 2 and any undesirable side 
effects, 

 

28.8 * retained 

28.8.1 specific description required 

28.8.2 detailed information required 
for IMPLANTABLE PULSE 
GENERATORS 
 

  28.8.3 detailed information required 
for LEADS 

28.8.4 detailed information required 
for ADAPTORS 

28.8.5 detailed information required 
for ACCESSORIES 
 

15.iv information allowing the 
physician to select a suitable 
device and the corresponding 
software and accessories, 

 

28.9 * retained 

15.v information constituting the 
instruction for use allowing the 
physician and, where appropriate, 
the patient to use the device, its 
accessories and software correctly, 
as well as information on the 
nature, scope and times for 
operating controls and trials and, 
where appropriate, maintenance 
measures, 
 

28.5 

28.10 

* retained 

* retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

15.vi information allowing, if 
appropriate, certain risks in 
connection with implantation of the 
device to be avoided, 
 

28.11 * retained 

15.vii information regarding the 
risks of reciprocal interference in 
connection with the presence of the 
device during specific 
investigations or treatment, 
 

28.12 * retained 

15.viii the necessary instructions in 
the event of the sterile pack being 
damaged and, where appropriate, 
details of appropriate methods of 
resterilization, 
 

28.17 * retained 

15.ix an indication, if appropriate, 
that a device can be reused only if 
it is reconditioned under the 
responsibility of the manufacturer 
to comply with the essential 
requirements. 
 

28.18 * retained 

15.x The instruction leaflet must 
also include details allowing the 
physician to brief the patient on the 
contra-indications and the 
precautions to be taken. These 
details should cover in particular: 
 
 

  

15.xi information allowing the 
lifetime of the energy source to be 
established, 

 

28.19 28.19 detailed requirement provided 

15.xii precautions to be taken 
should changes occur in the 
device’s performance, 

 

28.20 * retained 
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DIRECTIVE 
REQUIREMENTS 

EN 45502–1 
CLAUSE 

CLAUSES OF EN 45502–2-1 
AND ASPECTS COVERED 

15.xiii precautions to be taken as 
regards exposure, in reasonably 
foreseeable environmental 
conditions, to magnetic fields, 
external electrical influences, 
electrostatic discharge, pressure or 
variations in pressure, acceleration, 
etc., 

28.22 * retained 

28.22.1   specific warnings about 
environmental electric and 
magnetic fields required 

28.22.2   specific warning about 
SENSITIVITY settings for which 
compliance with 27.4 is not 
claimed 

 

15.xiv adequate information re-
garding the medicinal products 
which the device in question is 
designed to administer.  

 

28.7 * retained 

Confirmation that the device 
satisfies the requirements in 
respect of the characteristics and 
performances, as referred to in I. 
‘General requirements’, in normal 
conditions of use, and the 
evaluation of the side effects or 
undesirable effects must be based 
on clinical data established in 
accordance with Annex 7.  

 

 (only regulatory requirement) 
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Annex BB 
(informative)  

 
Relationship between the clauses of EN 45502−−−−2-1 and the essential 

requirements of 90/385/EEC listed in Annex AA 

Table BB.1  

 

Subclause Relevant essential 
requirement 

5.1 2 

6.1 2 

6.2 2 

7.1 7 

7.2 4 and 7 

8.1 1 

8.2 11 

9.1 4 and 8.v 

9.10 14.2.iii 

9.11 14.2.x 

9.2 14.2.i 

9.3 14.2.ii 

9.4 14.2.iv 

9.4.1 14.2.iv 

9.5 14.2.vii 

9.4.2 14.2.iv 

9.6 14.2.viii 

9.7 14.2.ix 

9.8 7 

9.9 9.iv 

10.1 4 

10.2 4 and 7 

10.3 14.2 

10.4 2 and 15 

11.1 14.1.iii 

11.2 14.1.i and 14.1.vii 

11.3 14.1.ii 

11.4 14.1.viii 

11.5 14.1.ix 

11.6 14.1.vii 

11.7 7 and 14.1.iv 

Subclause Relevant essential 
requirement 

11.8 9.iv 

11.9 7 

11.10 14.2.iv 

11.11 14.2.iv 

12.1 7 

12.2 7 

12.3 14.1 

13.1 11 

13.1.1 11 

13.1.2 11 

13.2 11 

13.3 12 

13.4 13 

14.1 7 

14.2 9.i 

14.3 6, 9.i, and 9.ii 

14.4 10 

15.1 8.i 

15.2 8.i 

16.1 8.ii 

16.2 8.ii 

16.3 Does not apply 

16.4 8.ii and 8.vi 

17.1 8.ii and 8.vi 

18.1 8.v 

18.2 8.v 

18.3 8.v 

19.1 8.vi 

19.2 3, 8.vi, and 9.v 

19.2.1 3, and 9.v 

19.2 2 3, and 9.v 
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Subclause Relevant essential 
requirement 

19.3 1, 3, and 9.vii 

19.4 5 

20.1 8.iv 

20.2 8.iv 

21.1 8.iv 

21.2 8.iv 

22.1 8.iv 

23.1 8.iii 

23.2 8.iii 

23.3 3, and 8.ii 

23.4 3 

23.5 3 

23.6 3 and 9.iv 

23.7 8.iii 

24.1 8.iii 

25.1 8.iii and 9.vi 

26.1 3 

26.2 4 and 8.iii 

27.1 8.iii 

27.2 8.iii 

27.3 8.iii 

27.4 8.iii 

27.5 8.iii 

27.6 8.iii 

27.7 8.iii 

27.8 8.iii 

28.1 15.ii 

28.2 8.v 

Subclause Relevant essential 
requirement 

28.3 15.ii 

28.4 3 and 9.iv 

28.5 15.v 

28.6 12 

28.7 15.xiv 

28.8 15.iii 

28.8.1 15.iii 

28.8.2 15.iii 

28.8.3 15.iii 

28.8.4 15.iii 

28.8.5 15.iii 

28.9 15.iv 

28.10 15.v 

28.11 15.vi 

28.12 8.iv and 15.vii 

28.13 8.iv 

28.14 8.iv 

28.15 8.iv 

28.16 15.ii 

28.17 15.viii 

28.18 15.ix 

28.19 15.xi 

28.20 15.xii 

28.21 15.ii 

28.22 15.xiii 

28.22.1 15.xiii 

28.22.2 15.xiii 

28.23 3 
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Annex CC 
(informative)  

 
Notes on EN 45502-2-1 

CC.1 General 

In supporting the essential requirements of Directive 90/385/EEC as related to the ACTIVE IMPLANTABLE 
MEDICAL DEVICES intended to treat bradyarrhythmia, this Part 2-1 frequently details an aspect of the 
essential requirement and specifies an assessment procedure or test. A compliance requirement then 
allows the particular device under examination to be deemed to meet the aspect of the essential 
requirement.  
 
For some HAZARDS, this standard prescribes specific requirements along with compliance measures (e.g., 
d.c. leakage current levels) which, if met, satisfy an aspect of the essential requirements of the Directive. 
For other risks, this standard requires potential HAZARDS to be assessed and identified, using a similar 
procedure to that described in EN 1441. Compliance is then determined by review of documentation 
provided by the manufacturer.  
 
In some cases, no laboratory test of limited duration can provide adequate assurance of the 
characteristics of a particular design or assurance of its performance after several years' implantation. 
The device manufacturer should then be required to prepare documented studies for expert review.  

CC.2 Notes on specific clauses and subclauses 

The following, more detailed, notes on some of the provisions of this standard are provided as an aid to 
understanding. This annex is directed toward those who are familiar with the construction and use of 
PACEMAKERS but have not themselves participated in drafting this standard. The notes in this annex carry 
the numbers of the relevant clauses in this Part 2-1; therefore, the numbering in this annex is not 
consecutive.  

[6] The procedures are specified for devices only at 37 ºC ± 2 ºC. As established designs are not 
temperature sensitive within such a temperature range, this is believed sufficient to validate an 
IMPLANTABLE PULSE GENERATOR at thermal equilibrium after implantation.  

 
[6.1.3] Changes the existing procedure of 10.4 of EN 50061:1988, which has been found to give 
very inaccurate and poorly reproducible results if the value of resistor R1 is not in the same order of 
magnitude as the INPUT IMPEDANCE, because it then requires division by small numbers. Additionally, noise 
in the detector input circuitry and external noise make measurements poorly reproducible.  
 
The value of R1 used in a particular test should be disclosed in a type test report.  

[6.2.2] The measurement x is the shortest distance between the distal extremities of the 
ELECTRODES under test, measured along the surface of the LEAD, see Figure CC.101. 

x

 

Figure CC.101 - Measurement of x  
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[9] The information required differs from that required by EN 50061 because of the 
developments in pacing technology since that document was prepared.  
 
Key information required on the SALES PACKAGING is intended to uniquely identify the enclosed device and 
prevent unnecessary inspection of the device compromising the protection provided by the packaging 
before the time for implantation. Non-programmable characteristics have to be disclosed as they restrict 
the range of application of the device. 
 
Additional information is provided for the convenience of the handler/implanting physician, but the scope 
of this data is limited by the restricted space available on the surface of the packaging and the need to 
display other data and warnings in a prominent manner, so that persons handling the sales package do 
not miss seeing them. Legal requirements specifying the language used to provide information further limit 
space on any package intended for rapid international distribution.  
 
Other necessary information is provided in the accompanying documentation, included in every sales 
package.  

[11] Similar considerations apply here as for [9], above, except that the space for information on 
the STERILE PACK is even more limited than the space on the SALES PACKAGE. Priority is given to describing 
the device as it comes out of the STERILE PACK. 

[13.1.2] LEADS and ADAPTORS are usually very small devices with little space for identifying marks. 
Therefore, the required information may be abbreviated using techniques such as a recognized logo to 
identify the manufacturer and the incorporation of the MODEL DESIGNATION into the SERIAL NUMBER or, when 
appropriate, a batch number.  

[13.3] For PACEMAKERS, the power source is located in the IMPLANTABLE PULSE GENERATOR. This is 
the part of the system that must be identifiable using non-invasive procedures. At the present time, the 
procedure for non invasively identifying the IMPLANTABLE PULSE GENERATOR must utilise X-ray equipment, 
as this equipment is generally available to physicians. Device specific equipment, such as a programmer, 
is not considered to be acceptable. However, once the unit has been identified, a programmer can be 
used to obtain the SERIAL NUMBER, or other identifying information, from which the date of manufacture can 
be determined, possibly by contacting the manufacturer.  

[14.2] As well as the specific requirement that an implant be sterile, the implant should not introduce 
unnecessary loose particulate matter (“sterile dirt”). The method of compliance assessment is specified so 
that meaningful quantitative limits can be set for assessing the results of the test. The manufacturer may 
choose a recognised measurement technique based on the apparatus that is readily available.  
 
The number of particles is related to the surface of the device and not its volume. For example, an empty 
bag (large surface but negligible volume) may present an excessive particle count when soaked in a bath 
based on the volume of the empty bag. The same bag when filled may pass the test even though the total 
particle count is the same. The same holds true for devices covered by this standard, especially LEADS 
that typically have a large surface area but have a small volume. For IMPLANTABLE PULSE GENERATORS, this 
approach would specify a bath that is of the same order of magnitude as the volume approach in Part 1. 
 
The test limits are based on a standard test for particulate contamination in large-volume parental 
injections given in the European Pharmacopoeia. 

[16.3] The dielectric strength test for LEAD insulation has been replaced by the compliance test in 
23.3 that checks the integrity of the insulation following a conditioning soak in saline and application of 
tensile force to the LEAD. 
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[21.2] Provides some immunity from hf electrical currents arising from surgical diathermy. The test 
frequency of 500 kHz was selected as typical of the majority of electro surgical equipment, and the peak to 
peak amplitude of 20 V of the burst test signal was selected based on results of work by Dr. W. Irnich et 
al 1) [This indicates that thermal equilibrium can be maintained for induced voltages up to about 5 V rms 
(14 V pp) during electro surgery raising the temperature from 37 ºC to 43 ºC at the ELECTRODE to heart 
tissue interface.] Induced voltages above this value can cause thermal damage to the heart tissue 
eventually resulting in pacing threshold increase and/or necessitating replacement of the LEAD. The 
selected amplitude of 20 V pp, to test the protection of the device, constitutes therefore a reasonable 
compromise well above the tolerable level of 14 Vpp with respect to the protection of the patient.  

The test signal amplitude of 20 Vpp is consistent with the corresponding test of Entwurf Juni 1985, 
DIN VDE 0750 Teil 9.  
 
During the test the device should ideally be programmed to provide asynchronous stimulation at a rate of 
greater than 60 PULSES/min. This ensures, with the specified duration and duty cycle of test signal, that 
stimulation PULSES are emitted by the device under test while the IMPLANTABLE PULSE GENERATOR under 
test is subject to the test signal burst.  
 
The compliance check requires reactivation of the IMPLANTABLE PULSE GENERATOR to restore full function 
(after being set for asynchronous stimulation during the test. 
The requirement does not provide complete protection, since the voltages picked up during exposure to 
surgical diathermy are very dependant upon the distances between the diathermy electrodes and any 
conductive part of the IMPLANTABLE PULSE GENERATOR or its LEADS, and the surgeon may not be aware of 
the positioning of such parts.  

[23.2] Intended to establish minimum requirements for the durability of IMPLANTABLE PULSE 
GENERATORS with respect to mechanical robustness.  
The test specified in EN 45502-1 has been replaced because the part of the standard defining the test has 
been withdrawn.  
The replacement text is based on a new part of EN 60068–2–64:1994 Environmental testing – Part 2: 
Test methods – Test Fh: Vibration, broad-band random (digital control) and guidance 
(≡IEC 60068-2-64:1993).  
The test severity is determined by the test conditions a) - d). The range of test frequencies is based on 
experience with the sinusoidal sweep method in common use for a number of years within the industry.  
The value for the acceleration spectral density was also derived from the sinusoidal sweep method in 
8.1.1 of EN 50061. That test specifies a peak acceleration of 25 m/s2. This translates into an rms value of 
1,77 g. An acceleration spectral density of 0,7 (m/s2)2/Hz translates into an rms value of 1,86 g. This last 
calculation is an approximation that may vary slightly depending on the equipment used to generate the 
random vibration. However, the level of stress on the IMPLANTABLE PULSE GENERATOR is comparable to the 
level in the method in EN 50061.  
 
In general, a short duration test will produce low confidence level results. The duration value for this test is 
the midpoint of the recommended values in 5.5 of EN 60068-2-64. It should provide for reasonable 
confidence in the reproducibility of the results while providing a test method whose overall time to 
complete is also reasonable.  
Protection of the device during delivery and storage is provided by appropriate design of the packaging, 
which is evaluated with respect to vibration in 10.1.  

[23.3 - 23.5] The tests required by 23.3 through 23.5 are intended to establish minimum requirements for 
the durability of implantable LEADS with respect to commonly known mechanical failure modes.  
There are some LEAD failure modes for which standardised tests cannot yet be established, since a 
consensus has not been reached about either the mechanisms of failure or valid test methods. It is the 
responsibility of the LEAD manufacturer to define a complete set of LEAD reliability requirements for a 
particular design.  

                                                      

1) Ein Beitrag zur Sicherheit von Implantaten; W. Irnich et alia, ISBN 3-88 314-870-9, ISSN 0932- 3856 (Schriftenreihe der 
Bundesanstalt für Arbeitsschutz, Dortmund 1989). 
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[23.3] The LEAD is soaked to allow for the influence of body fluids on the physical properties of the 
LEAD. It is important that the LEAD does not dry out during the tensile test. After the tensile testing, the LEAD 
is soaked to allow saline to penetrate any damage regions resulting from the test. During the insulation 
integrity test, the exposed conductive surfaces must be kept completely isolated from the saline bath to 
ensure both a valid test and safety for the test personnel.  
The manufacturer must determine the distal point on the LEAD where the fracture or permanent 
deformation of any conductor or joint, or breaching or separation of the insulation would effect the 
intended function of the LEAD. By clamping at this point and at the LEAD connector pin it is possible to 
evaluate the composite strength of the LEAD. Visual inspection of the LEAD at each stage of the procedure 
is strongly recommended to detect possible functional damage.  
Different parts of the LEAD may be exposed to varied levels of tensile force. The compliance check 
requires a 5 N wet pull force. LEADS that meet the composite wet pull requirement are believed to have 
sufficient overall mechanical integrity because some LEADS that have been used clinically and have 
demonstrated acceptable performance do not meet the required criteria for the portion of the LEAD in the 
vascular system.  
When implanted, the maximum possible elongation is not likely to exceed 20 %. The fatigue life of the 
LEAD is not likely to be compromised if the LEAD is permanently elongated less than 5 %.  
The d.c. resistance measurement is checking for gross fractures of conductors or separation of joints.  
The 2 mA limit is derived from the requirement for a minimum electrical impedance of 50 KΩ between 
conductive elements that appears in 4.1.2.2 of ISO 5841-3:1992 (IS-1). The 0,1 s to 5 s time for the 
100 V ± 5 V d.c. test signal to be ramped up was chosen to prevent voltage overshoot beyond the upper 
limit of 105 V d.c.  

[23.5] The tests 1 and 2 in 23.5 are intended to establish minimum requirements for the flexural 
durability of implantable LEADS. In accord with this approach, a conductor or connector must withstand a 
minimum of 47 000 and 82 000 cycles respectively without failure.  
For all conductor and connector design geometries and materials, it is recommended that a margin of 
safety be established with respect to these minimum requirements. It is left to each manufacturer to 
determine the appropriate sample size, data analysis technique and margin of safety, as well as to 
demonstrate with confidence the minimum cycle requirements can be achieved.  
The tests are intended to accelerate the fatigue of the conductor and not the insulation: therefore the 
pass/fail criterion looks for conformity of the conductive path. Although test methods designed to 
accelerate fatigue of conductors can introduce test artefact damage to insulation, fatigue failures of known 
insulation materials in vivo are generally not experienced in the absence of biodegradation mechanisms.  

The types of insulation damage seen in these accelerated fatigue tests are not necessarily representative 
of the insulation damage seen after implantation.  

[Test 1] The bell mouth test was designed bearing in mind variations in human anatomy; ranges of 
motion; implant sites; and loading conditions.  
The fixture radius is dependent on the diameter of the LEAD segment under test. (Fixture radius = Centre 
line bending radius (6,00 mm ± 0,10 mm) minus one half the maximum segment outside diameter.) 
Loading conditions were determined by evaluating coil designs and by observing the morphology of the 
fracture surface. Each type of fracture surface produces a characteristic fracture signature or morphology. 
The fracture sites of both the in vitro and in vivo samples from the bell mouth test were compared and 
determined to exhibit the same morphology.  
Although the exact conditions are impossible to determine, it is believed that loading by torsional shear or 
bending in the bell mouth flex test causes similar loading conditions to those experienced by in vivo 
failures. This is supported by studies, by light microscopy, scanning electron microscopy, and analytical 
stress analysis, of the various types slant and flat fractures found both in tested and explanted LEADS.  

Figure CC.102 specifies a reference test coil of MP35N [ISO 5832-6] based on field experience with a 
BIPOLAR LEAD that used the reference test coilas the inner conductor coil. Based on a study of chronic 
implants and return product analysis, this LEAD has been found to achieve a nominal survival rate from 
fracture of the inner coils of 99,3 percent at 60 months.  
Weibull distribution analysis of the reference test coilfractures predicts a minimum population value of 
46 476 that supports the observed minimum of 47 908 cycles. The specification minimum is proposed to 
be set at the sample minimum rounded down to the nearest 1 000 cycles (47 000). The specification 
minimum is set at the Weibull t0 value rounded up to the nearest 1 000 cycles (47 000).  

IST ITUTO SUPERIORE DI  SANITA ' .  Documento  con tenu to  ne l  DVD Racco l ta  Comp le ta  UNI  2006 .
E'  v ie ta to  l ' uso  in  re te  de l  s ingo lo  documento  e  la  sua  r ip roduz ione .  E '  au to r i zza ta  la  s tampa per  uso  in te rno .



EN 45502-2-1:2004 
(issued by CENELEC as EN 45502-2-1:2003) 

78 

Weibull distribution analysis was conducted on 224 samples of the reference test coil tested using the 
procedure in 23.5. The reference rest coil was tested in both a LEAD body and bare coil configuration. 
Although the standard test is designed to test LEAD body configurations, a majority of the population was 
tested in a bare coil configuration. Bare coil configurations have been shown to give a slightly different 
average flex life value than co-axial LEAD body configurations due to structural interactions that are seen in 
LEAD bodies. The use of the bare coil configuration was used to help remove any discrepancies created 
when validating a manufacture’s test set-up. The Weibull analysis predicts a B50 value of 127 685 and a 
minimum, t0, of 46 476 that supports the observed minimum of 47 908 cycles.  

 

Wire specification
Material:  MP35N 
               [see ISO 5832-6:1987] 
Diameter:  0,228 5 ± 0,007 6 mm 
Ultimate tensile:  1 758 MPa ± 172 MPa 
Rockwell C hardness:  44 ± 4 
 
Coil specification  
Heat treatment:  None 

0,228 5 ± 0,007 6  

0,061 0 ± 0,012 7 

0,914 4 ± 0,012 7  

 

Figure CC.102 - Reference test coil  

By using the same centre bend radius, the same strain conditions will be applied for every different 
conductor diameter. This approach was chosen because it is consistent with typical strain analysis 
techniques and with existing LEAD flex test databases.  
The accelerated flex testing described in this standard purposely imposes higher strain on the LEAD that 
results in a shorter fatigue life of the test specimens than are expected to occur in implanted LEADS. 
However, changing the frequency and/or radii may or may not change the morphology of the fracture site 
of the in vitro tests. Regardless, the altered test would need to be verified with field data and evaluations to 
determine if failure modes of the test specimens are representative of the field.  
Therefore, the current bell mouth test is appropriate for assessing the relative flex fatigue characteristics 
of various LEAD designs utilising MP35N. For conductors that are not constructed from MP35N or do not 
have a coil geometry, it is the responsibility of the LEAD manufacturer to either justify using the 47 000 
cycle acceptance criteria (with the bell mouth test method) or identify alternative, appropriate test 
requirements.  
The CEN/CENELEC JWG AIMD recognised that there were several alternative test methods (e.g., spin 
test) that are appropriate to evaluate the flex characteristics of LEADS. Alternative flex test methods may 
be compared to the bell mouth test by using the reference test coil as a reference.  

[Test 2] The orientation of the connector in the fixture will make a difference if the connector is non-
symmetrical, i.e., has a LABEL imbedded in the connector sleeve. To accommodate this, it is required that 
the LEAD connector must be placed in a “worst case” orientation.  
A minimum cavity depth is required to simulate the worst case in vivo situation where a vulnerable point of 
strain concentration exists outside the connector cavity. By bending the test sample ± 45° for 82 000 
cycles, the test creates more severe strain at the connector than is expected in vivo.  
A 100 g weight is attached to the tests segment to force the test sample to conform to the required 
angular displacement without providing a significant tensile load.  
The specification minimum of 82 000 cycles was established from industry testing of different connectors. 
This minimum is based on a DF-1 connector design that has acceptable field performance. Weibull 
distribution analysis of this connector predicts a minimum population value, t0, of 81 697 cycles. The 
specification minimum is set a the t0 value rounded up to the nearest 1 000 cycles.  
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[23.6] Field experience and design analysis have shown that connector systems that utilise set-
screws bearing on LEAD connector metal pins mated according to the manufacturer's specifications will 
meet this requirement and will not prove a clinical risk. Therefore, no test is specified for such systems.  
No torque is applied to the connector in the test because the IMPLANTABLE PULSE GENERATOR/LEAD 
implanted subcutaneously can not introduce significant torque on the connector interface, since the LEAD 
body will deform sufficiently over its length to dissipate any rotational effects.  

[27] Exposure of a PACEMAKER to an electromagnetic field may 

• induce currents from the LEAD into the heart, causing fibrillation or local heating, 

• induce voltages in the LEAD that damage the IMPLANTABLE PULSE GENERATOR, 

• induce voltages in the LEAD that prevent the IMPLANTABLE PULSE GENERATOR from correctly monitoring 
the intrinsic heart signal (ECG).  

Additionally, IMPLANTABLE PULSE GENERATORS incorporate magnetic control components (e.g. reed 
switches) that may be activated by magnetic fields. The magnetic control component or other circuit 
components of the IMPLANTABLE PULSE GENERATOR may be damaged by stronger magnetic fields  
Hence some assurance is required that IMPLANTABLE PULSE GENERATORS offer reasonable immunity to 
electromagnetic interference and from currents passing through the human body when the patient is in 
contact with domestic appliances.  

The subclauses address the following:  

• protection from tissue damage or fibrillation caused by currents induced on the implanted LEAD directly 
or injected spuriously from the device (27.2);  

• protection from persisting malfunction of the device caused by voltages induced in the implanted LEADS 
(27.3);  

• protection from unacceptable transitions or operating modes of the device caused by voltages induced 
in the implanted LEADS (27.4);  

• protection from transient changes in therapeutic behaviour of the device caused by voltages induced in 
the implanted LEADS (27.5);  

• protection from transient changes in therapeutic behaviour of the device caused by weak (1 mT) static 
magnetic fields affecting any magnetically-sensitive components in the IMPLANTABLE PULSE GENERATOR 
(27.6);  

• protection from persisting malfunction of the device caused by stronger (10 mT) static magnetic fields 
affecting any magnetically-sensitive components in the IMPLANTABLE PULSE GENERATOR (27.7);  

• protection from persisting malfunction of the device caused by time-varying magnetic fields applied to 
the IMPLANTABLE PULSE GENERATOR (27.8).  

The emi tests variously extend over a frequency rage from 16,6 Hz (to include possible environmental 
fields on some European railways) to 3 GHz (to include radiation fields from mobile telephones). 
The clause does not cover exposure to therapeutic and diagnostic treatments, or to fields that occur in 
some occupational environments. Hence the device manufacturer may need to be consulted in case of 
uncertainty relating to occupational exposure to specific sources.  
The tests are not intended to cover any embedded telemetry antenna external to the electromagnetic 
shield of the implantable PULSE generator, unless such an antenna is an integral part of a LEAD. 
Electromagnetic susceptibility applicable to these parts is under consideration. 

In defining the tests, the setting of test signal equivalent to ambient electromagnetic fields required 
assumptions about the electrical characteristics of the implantable PULSE generator input and the layout of 
the implanted LEAD. These assumptions may not be valid for other than LEADS conducting an intracardiac 
signal to pacing/sensing terminals. Accordingly other physiological sensors (e.g. minute ventilation) are 
not covered by the tests of 27.2 through 27.5.3 and such additional sensors may be turned off during 
testing.  
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When considering the most appropriate sensitivity settings for the IMPLANTABLE PULSE GENERATOR under 
test, the working group considered both unipolar and bipolar configurations and concurred that 
SENSITIVITIES of 0,3 mV (bipolar) and 2,0 mV (unipolar) were appropriate for electromagnetic interference 
test frequencies above 1 kHz. In arriving at these values, the group acknowledged that although state of 
the art IMPLANTABLE PULSE GENERATORS provided settings, which were substantially more sensitive (e.g. 
0,1 mV), that such settings were primarily provided to aid the clinician in diagnostic testing. The working 
group considered that diagnostic programming at the more sensitive levels to be only temporary and that, 
in clinical practice, permanent programming of such values was usually avoided due to increased 
likelihood of far field sensing, myopotential sensing, and sensing of electromagnetic interference.  
 
Consequently, an associated warning in the accompanying documentation was considered appropriate to 
alert the clinician that careful consideration should be given to patient exposure to electromagnetic 
interference etc, if programming SENSITIVITY greater than 0,3 mV (bipolar) and 2,0 mV (unipolar). 
It was acknowledged, however, that a few patients may require atrial SENSITIVITY to be set to detect 
signals less than 0,3 mV if atrial lead positioning was suboptimal or if sensed p-wave signals were often 
unusually low in amplitude (as in “single pass” VDD systems). For the majority of pacemaker patients 
however, settings more sensitive than 0,3 mV (bipolar) and 2,0 mV (unipolar) were considered to 
represent an increased risk from inappropriate far field and myopotential sensing, and from 
electromagnetic interference in those models which do not have emi immunity at the more sensitive 
settings. 

The requirement to test at four distinct, well-spaced frequencies per decade may be normally met by 
following an  f,  2 f,  4 f,  8 f,  16 f  … sequence. 
Electromagnetic fields may affect the IMPLANTABLE PULSE GENERATOR directly through its case or indirectly 
via induced currents and voltages in the implanted LEADS. In 27.2 to 27.5 currents and voltages induced in 
the implanted LEADS are the dominant effect, hence the requirement is tested by an injected voltage test at 
frequencies below 450 MHz and by a near field test of the IMPLANTABLE PULSE GENERATOR connected to its 
LEADS at frequencies above 450 MHz. In 27.6 to 27.8, there may be direct effects through the case of the 
device; hence the tests involve the field itself with no LEAD connected to the IMPLANTABLE PULSE 
GENERATOR. 
Permitted human exposure to electromagnetic fields is limited by a number of national and international 
guidelines and recommendations from bodies such as ICNIRP, the European Commission, CENELEC, 
ANSI, and the IEC. Requirements in this clause take account of known sources of electromagnetic fields 
in the public environment. Requirements of 27.5 are based partly on Reference Levels for electro-
magnetic fields in the European Recommendation 519 issued in 1999 (EC/519/99), under certain 
assumptions of field-to-voltage transfer functions. Reference levels represent the most lenient test of 
acceptability of general public exposure to fields according to EC 519/99. Magnetic fields more than 
20 times higher than the Reference Levels may comply with the Basic Restrictions of EC 519/99, 
especially for localised sources of electromagnetic fields at low frequencies. Accordingly, requirements of 
27.3 and 27.7 are intended to prevent incompatibility with higher magnetic fields than the Reference 
Levels of EC 519/99. 
In accordance with EC Directive 385/90, Clause 27 covers only fields of the order of magnitude likely to be 
encountered in the normal environment. Earlier standards for IMPLANTABLE PULSE GENERATORS covered 
only the frequency range up to 30 MHz. This standard extends the range up to approximately 2 GHz to 
cover recent technologies and products such as mobile telephones. 

In an electromagnetic field, any implanted LEAD acts as an antenna. The voltages picked up by, and 
currents induced in, this antenna depend upon the implantation site and upon the layout and 
characteristics of the LEAD as well as the frequency, polarisation and direction of the electromagnetic field. 
The requirements in this clause are based on conservative assumptions about such coupling factors.  
The frequency of the electromagnetic field influences the mechanism for induction of voltages and 
currents in the device and its LEADS, and also the transfer function expected between applied field strength 
and induced voltage. At low frequencies (below a few MHz) any LEAD and its return path (through the body 
for UNIPOLAR LEADS) form a closed conductive loop around which voltages are induced: the body has little 
screening effect on the fields, and the induced voltage is proportional to the frequency. As the frequency 
increases beyond this, body tissue starts to shield electromagnetic fields, and additionally the device 
LEADS act increasingly as dipole antennas. These effects are complex, and appropriate transfer functions 
are given in the German standard DIN VDE 0848-3-1:1999-06. At low frequencies, the effective induction 
loop area is considerably higher for UNIPOLAR LEADS than for bipolar, leading to higher induced voltages. 
Existing data indicates that, with UNIPOLAR LEADS, implanted using present techniques, cross sectional 
areas are smaller than 200 cm2 (typical) and the largest will not normally exceed 400 cm2 (worst case).  
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The LEADS of multichannel unipolar PACEMAKERS may act as multiple antennae. Thus each channel must 
be tested as if it were a single channel device. Care must be taken to avoid cross-talk between channels, 
which could affect the result.  
BIPOLAR LEADS induce differential voltages between tip and ring ELECTRODES. The tests of bipolar 
PACEMAKERS include a second procedure to cover this effect. Because of the close proximity of tip and 
ring ELECTRODES, the applicable test signal is reduced to 10 percent of the usual value. This ensures that 
at least equivalent immunity is provided in extra low frequency (ELF) electric fields. At higher frequencies 
an even lower amplitude test signal would prove equivalent immunity. 

[Selection of CX]    The capacitor CX in the tissue equivalent interface circuit serves to attenuate any 
spurious low frequency noise during burst and PULSE amplitude modulation of the test signal carrier 
frequency. This spurious noise may incorrectly identify an IMPLANTABLE PULSE GENERATOR as sensitive to 
some or all of the test signals.  
Spurious noise created by signal generators during periods of modulation generally has been found to be 
low frequency components independent of signal frequency which increase in amplitude with increasing 
signal amplitude. At the higher amplitudes, the spurious low frequency noise injected by the test signal 
generator may become significant, because of the necessary SENSITIVITY of the IMPLANTABLE PULSE 
GENERATOR to the harmonic content with intra-cardiac signals. To attenuate these spurious signals the 
capacitor CX in combination with a 68 Ω resistor forms a high-pass filter. The value of CX is selected per 
the procedure of Annex HH.  
For burst modulated signals, carrier frequencies of at least 1 kHz should be used when selecting CX. The 
low-pass filter is used so that significant frequency components from burst modulated test signals are 
removed. Otherwise those components would be confused on the monitoring oscilloscope with any 
spurious low frequency components from the signal generator.  
At low frequencies, the effect of CX may be opposite to that desired. As an example, if the selection 
procedure sets CX = 470 nF, the amplitude of the test signal at point C has to be increased if the test 
signal monitored at point D is not as required This increase in signal may increase the amount of spurious 
low frequency noise. Thus, the attenuation of the low frequency spurious noise by CX may be more than 
offset by the increased amplitude injected. In this case, the use of CX my cause an otherwise unaffected 
device to be affected by the test signal (corrupted by the spurious noise), and indicate false failure of the 
device. The use of CX should be limited to cases where failure to comply may be caused by the test 
equipment. Compliance does not require CX to be in-circuit, and, therefore, the use of CX is optional at any 
frequency.  

[27.1] Because the tests of 27.2 through 27.8 might change permanently some electrical 
characteristics of the IMPLANTABLE PULSE GENERATOR, a final test against the manufacturer's electrical 
specifications is required.  

[27.2] Addresses the risk of demodulation products or currents picked up on the LEADS causing 
fibrillation or local tissue burns.  
The fields experienced in the normal environment are not high enough to cause these effects even with a 
short circuit at the connector side of the LEAD. But touching some household appliances may cause 
currents sufficient to cause fibrillation. In addition, direct therapeutic treatment also may induce currents, 
which produce local tissue burns. If the therapeutic signals are modulated, demodulation in the circuitry of 
the IMPLANTABLE PULSE GENERATOR may cause fibrillation.  
Data collected by Starmer and Watson indicate that the probability of inducing fibrillation with a 50 or 
60 Hz rms current of 50 µA applied directly to the heart through ELECTRODES with surface areas ranging 
from 1,25 to 2 mm2 is 1 %. Above 1 kHz the threshold current for fibrillation rapidly increases.  
The test effectively checks that the INPUT IMPEDANCE of the IMPLANTABLE PULSE GENERATOR is high enough 
to prevent dangerous currents. Test signal 1 stops at 20 kHz because above this frequency the loop 
impedance of the ELECTRODE plus body tissue naturally limits the current to acceptable levels. Test signal 
2, at 500 kHz, commonly used for surgical diathermy, checks that any demodulation current is smaller 
than 50 µA. The requirement of this clause is compatible with IEC 60601.  
The test cannot provide adequate safety in all situations and the required voltage of 2 Vpp represents a 
first compromise in the absence of other data. In theatre, the diathermy electrodes must always be placed 
in such a way that as little current as possible traverses the IMPLANTABLE PULSE GENERATOR and LEAD. 
Even with such precautions, neither risk of damage to the IMPLANTABLE PULSE GENERATOR, nor risk of 
fibrillation can be completely prevented.  
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The test procedures necessary to verify compliance with the requirements depend upon the type of 
IMPLANTABLE PULSE GENERATOR under test. Channels are tested in turn. The tissue interface provides two 
outlets for each channel.  
If the channel under test is unipolar, both outlets of the tissue interface are connected in parallel to load 
the unipolar channel of the IMPLANTABLE PULSE GENERATOR with the full test signal being grounded at case 
of the device.  
If the channel under test is bipolar, one outlet of the tissue interface is connected to the tip and one to the 
ring connector. So the bipolar channel of the IMPLANTABLE PULSE GENERATOR is loaded with the full test 
signal in a common mode circuit grounded at the case of the device, while tip and ring are isolated. 
Additionally the test is repeated in a differential mode, with the test signal provided between tip and ring. In 
this case the test signal is decreased by 90 %, since the antenna effect is smaller due to the decreased 
distance between tip and ring ELECTRODES.  

[27.3] Requirements to demonstrate that the device is neither damaged nor needs reprogramming 
after a reasonable interference overload has occurred at its TERMINALS.  
The categorisation is similar to 27.2, but all channels are tested in parallel as in 27.4 and 27.5.  
 
Subsequent clauses address exposure of the device to fields that might be experienced for prolonged 
periods. However, higher fields might be experienced for short periods from localised sources of varying 
magnetic fields, such as metal detectors or anti-theft devices. 27.3 addresses exposure to such fields over 
the limited frequency range over which these fields may induce voltages not covered by the other 
subclauses. Because exposure to such fields is expected to be of short duration, 27.3 checks for 
malfunction that persists beyond the removal of the exposure only.  
The effects of high level localised alternating magnetic fields may be via voltages induced in the LEADS or 
by fields penetrating directly through the case of the IMPLANTED PULSE GENERATOR. The direct effect is 
covered by 27.8.  
At frequencies below a few kHz, the test in 27.3 covers voltages which may be galvanically (conductively) 
coupled into the IMPLANTABLE PULSE GENERATOR by a patient touching some household device.  

[27.4] Checks the therapeutic behaviour as declared by the manufacturer in the presence of 
ambient continuous wave interference.  
The categorisation is similar to 27.2, but all channels are tested in parallel as in 27.3 and 27.5. The 
frequency band ends at 167 kHz since above this frequency the test of 27.5 covers the necessary 
requirement.  
As described earlier, the relevant fields are represented in this test as injected voltages. Because the 
frequency band overlaps the frequency band of physiological signals, as the voltage level is slowly 
increased, at some point an IMPLANTABLE PULSE GENERATOR may start to sense the interference. As the 
signal amplitude is further increased, one ore more changes in the therapeutic behaviour may occur, due 
to small changes (or noise) in the sensed signal or stochastic phenomena in the sensing criteria.  
This subclause checks at all voltages up to the maximum level specified. Therefore any isolated regions 
of influence and/or unacceptable uncertainty will be identified. A change in therapeutic behaviour to a 
fixed-rate mode, as characterised by the manufacturer, is regarded as a clinically acceptable change 
rather than complete inhibition or synchronisation with the interfering signal provided the transition is 
completed within the permitted limits set by the compliance criteria of this subclause.  
[27.5] Checks for changes in therapeutic behaviour caused by interference from modulated signals. 
The categorisation required is similar to 27.2 but all channels are tested in parallel, as in 27.3 and 27.4.  
The modulation carried by the test interference signal has significant harmonic content overlapping that of 
ECG signals. IMPLANTABLE PULSE GENERATORS may be sensitive to some of these frequency components. 
IMPLANTABLE PULSE GENERATORS usually have a facility to ensure they provide pacing at a fixed rate, 
“interference mode”, rather than being inhibited by a large interference signal. The test in 27.5.1, therefore 
allows such a response if this is described in the physician’s manual.  
Two different patterns of modulation are defined. At frequencies below 150 kHz, the modulation is PULSEd 
because most interference sources are PULSE modulated.  
At frequencies above 150 kHz, the test signal simulates the lowest modulation frequency used with 
amplitude modulated broadcast transmitters, this being considered the most critical case for an 
IMPLANTABLE PULSE GENERATOR.  
The modulation frequency of the test signal is set to 130 Hz to avoid harmonics of both 50 Hz and 60 Hz 
mains supplies. The strongest effect occurs with full modulation. When testing, to avoid spurious effects 
from over modulation, the test modulation is set to 95 percent.  
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The curve of the test signal has several corner-points to take account of different considerations. In the 
frequency range from 3 kHz to 1 MHz, the voltage levels are derived from fields of the general public 
reference levels of EC/519/99. These give an indication of fields that may be experienced for long periods 
of time by the general public. For frequencies above 100 kHz the EC recommendation accepts increased 
peak values with respect to rms values. This is taken into account in 27.5 by assuming up to five 
simultaneous amplitude modulated signals which together match the rms Reference Level (i.e. up to a 
ratio of peak value over rms value not exceeding 5.6). Between 1 MHz and 10 MHz the test signal 
represent the type of exposure expected from radio transmitters. Above 10 MHz the test signal is limited 
to values considered as reasonable practical protection limits.  

The requirement in the frequency range of 10 MHz to 450 MHz, 27.5.3, replaces the tissue equivalent 
interfaces used at lower frequencies by a 50 ohm injection network.  
Above these frequencies injected voltage tests are less appropriate, and a radiated test method is 
preferred, 27.5.4. This covers the range used by most mobile phone systems  
It is widely acknowledged that a suitable method for eliminating the effects of high-frequency interference 
is to use appropriate feed-through capacitors where the LEAD connections pass through the IMPLANTABLE 
PULSE GENERATOR case. Accordingly, compliance with 27.5.4 can be achieved by proving that suitable 
components have been used for all through-shield circuit interfaces.  
Other design strategies may also be suitable, in which case a radiated test is required. For this, 
ANSI/AAMI PC69 is used to define the procedure. In that test method, the IMPLANTABLE PULSE GENERATOR 
together with all its LEADS is placed in a saline solution, which represents body tissue and its screening 
properties, and exposed to the near field of an electric dipole. In ANSI/AAMI PC69 two levels of exposure 
are tested. The lower radiation level guarantees uninfluenced function of the IMPLANTABLE PULSE 
GENERATOR when exposed to mobile phones of 2 W output power at a distance of 15 cm. Compliance to 
this test is mandatory. The optional, higher radiation level guarantees compatibility even at distances of 
2 cm, which represents a mobile phone situated directly against the surface of the human body and is not 
required for compliance with this Part 2-1. The test signal of AAMI PC69 is modulated in order that it may 
be confused with heart beats.  
The test also guaranties compatibility in the far field (i.e. outside any exclusion fences) on the site of high 
power transmitters such as mobile phone base stations. As in the other subclauses, 27.5.4 requires 
checking for any change of therapeutic behaviour, including transitions to fixed-rate interference mode.  

[27.6] Ensures protection from exposure to weak magnetic fields. If the IMPLANTABLE PULSE 
GENERATOR contains a magnetic switch, this switch should not be activated by weak, static magnetic fields 
with which the patient may come in contact. An example is the magnetic strip used to seal refrigerator 
doors. Traditionally, this field limit has been set at 1 mT (10 gauss).  

[27.7] Defines protection from exposure to stronger (10 mT) static magnetic fields. These magnetic 
fields have the potential to permanently disrupt the operation of an ACTIVE IMPLANTABLE MEDICAL DEVICE. If 
the IMPLANTABLE PULSE GENERATOR contains a magnetic switch, the behaviour of the device will probably 
be altered in the presence of the magnetic field. For example, telemetry could be activated or therapy 
could be deactivated. The manufacturer must assess the HAZARD to the patient that could result from the 
inadvertent closure of the magnetic switch as part of an overall risk assessment. However, once the 
strong magnetic field is removed, the IMPLANTABLE PULSE GENERATOR must function as prior to the 
exposure without adjustment. Therefore, a change in IMPLANTABLE PULSE GENERATOR operation which 
could be resolved by programming would be considered a failure of this test.  

[27.8] Checks for persistent malfunction being caused by direct application of varying magnetic 
fields to the IMPLANTABLE PULSE GENERATOR.  
Subclauses 27.2 to 27.5 assume that the major influence of applied time-varying electromagnetic fields is 
through induced voltages and currents in the LEADS of the device, which are therefore represented as 
injected current and voltage signals. The test of 27.8 ensures that time-varying magnetic fields to which 
the public may be exposed do not cause malfunction due to direct effects of the field on the internal 
circuitry or components of the device. In the general public environment, human exposure to magnetic 
fields is limited by a number of international standards and recommendations. At frequencies from a few 
kHz to 100 kHz, world-wide limits are generally set at a constant field level throughout the frequency band. 
For localised fields very close to magnetic field generating equipment this limit corresponds to about 
100 A/m to 150 A/m rms (for example, the IEEE limit is 163 A/m). In this frequency range this will 
represent the most extreme field to which the implanted device is likely to be exposed. The field level of 
150 A/m also corresponds closely to the voltage test levels of test 27.3. A field of 150 A/m rms applied to 
an induction loop of 200 cm2 would induce peak-to-peak voltages of 1,33 V at 20 kHz increasing linearly 
with frequency, which is very similar to the levels used in 27.3. 150 A/m is also the field strength 
recommended as a generic test in EN 45502-1. Above 100 kHz the field falls linearly to represent the 
likely fields from potential sources of interference. The test is terminated at 140 kHz since no significant 
sources resulting in public exposure exist above this frequency.  
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Annex DD  
(informative)  

 
Code for describing modes of IMPLANTABLE PULSE GENERATORS 

DD.1 General  
This annex recommends a code to be used in labelling the IMPLANTABLE PULSE GENERATOR to designate its 
primary intended use. Multiple programmable or universal IMPLANTABLE PULSE GENERATORS are covered in 
this code scheme.  

DD.2 The Code 
The code is presented as a sequence of four letters. Table DD.101 gives an outline of the basic concept 
of the code.  

Table DD.101 - Basic mode code scheme 

Position I II III IV 

Category Chamber(s)  
paced 

Chamber(s) 
sensed 

Response to 
sensing 

Programmability,  

 O=None O=None O=None O=None 

 A=Atrium A=Atrium T=Triggered P=Simple 
programmable 

 V=Ventricle V=Ventricle I=Inhibited M=Multi-
programmable 

 D=Dual (A+V) D=Dual (A+V) D=Dual (T+I) C=Communicating 

    R=Rate modulating 

Manufacture 
designation 

only 

S=Single  
(A or V) 

S=Single  
(Aor V) 

  

Source: The NASPE/BPEG Generic Pacemaker Code for Antibradyarrhythmia and Adaptive-Rate 
and Antitachyarrhythmia Devices, PACE 1987; 10: pp. 794-799.  

The significance of the position of the code letter is as follows:  

First letter:   The paced chamber is identified by “V” for ventricle, “A” for atrium, “D” for dual (i.e., both 
atrium and ventricle), or “S” for single chamber (either atrium or ventricle).  

Second letter:   The sensed chamber is identified by either “V” for ventricle, “A” for atrium. An “O” indicates 
that the IMPLANTABLE PULSE GENERATOR has no sensing function. “D” indicates dual (i.e., both ventricle and 
atrium), and “S” indicates single chamber (either atrium or ventricle). 

Third letter:   The mode of response is either “I” for Inhibited (i.e., an IMPLANTABLE PULSE GENERATOR 
whose output is inhibited by a sensed signal), or “T” for Triggered (i.e., an IMPLANTABLE PULSE GENERATOR 
whose output is triggered by sensed signal); “O” is used if the IMPLANTABLE PULSE GENERATOR has no 
sensing functions, and “D” is used for a IMPLANTABLE PULSE GENERATOR that can be inhibited and 
triggered. 
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Fourth letter:   The fourth letter describes additional features including the level of programmability, and is 
the IMPLANTABLE PULSE GENERATOR has RATE MODULATION capability. 

Examples of the code, as commonly used, are given in Table DD.102. 

Table DD.102 - Examples of mode code 

Code  Explanation  

AAI Atrial inhibited  
AAT Atrial triggered  
AOO Atrial asynchronous  
DDD A-V sequential Atrial/Ventricular inhibited, triggered  
DOO A-V sequential asynchronous  
DVI A-V sequential ventricular inhibited  
DVT A-V sequential ventricular synchronised  
VAT Atrial synchronised  
VDD Atrial synchronised ventricular inhibited  
VOO Ventricular asynchronous  
VVI Ventricular inhibited  
VVT Ventricular triggered  
SSI Single chamber pace/sense, inhibited  

DDDR A-V sequential Atrial/Ventricular inhibited, triggered with 
RATE MODULATION 

VVIC Ventricular triggered with communication 

DD.3 Modes of IMPLANTABLE PULSE GENERATORS 
The definitions that follow describe the mode of operation of IMPLANTABLE PULSE GENERATORS. A system of 
coding modes is described in DD.2. 

DD.3.1  Standby Mode (OOO):  Mode with no interaction between the PACEMAKER and the heart.  

DD.3.2  Atrial asynchronous mode (AOO):  Mode in which an atrial PULSE is provided independent of the 
activity of the heart. Ventricular functions and atrial sensing are disabled or absent.  

DD.3.3  Atrial inhibited mode (AAI):  Mode where if during the ESCAPE INTERVAL the atrial sensing function 
detects a BEAT, then the IMPLANTABLE PULSE GENERATOR suppresses atrial pacing. If the sensed atrial BEAT 
occurs after the ESCAPE INTERVAL, then the IMPLANTABLE PULSE GENERATOR provides atrial pacing at the 
BASIC RATE. Ventricular functions are disabled or absent.  

DD.3.4  Atrial triggered mode (AAT):  Mode where if during the ESCAPE INTERVAL the atrial sensing 
function detects a BEAT, then an atrial PULSE is produced in synchrony with the atrial BEAT (provided that 
the MAXIMUM TRACKING RATE is not exceeded). If the sensed atrial BEAT occurs after the ESCAPE INTERVAL, 
then the IMPLANTABLE PULSE GENERATOR provides atrial pacing at the BASIC RATE. Ventricular functions are 
disabled or absent.  
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DD.3.5  AV sequential, asynchronous mode (DOO):  Mode in which the IMPLANTABLE PULSE GENERATOR 
provides atrial pacing at the BASIC RATE. At the specified AV INTERVAL after each atrial PULSE, a ventricular 
PULSE is provided independent of the activity of the heart. Atrial and ventricular sensing functions are 
disabled or absent.  

DD.3.6  AV sequential mode with ventricular sense (inhibition) (DVI):  Mode in which the atrial sensing 
function is disabled or absent, and the IMPLANTABLE PULSE GENERATOR provides atrial pacing at the BASIC 
RATE. If a spontaneous ventricular BEAT is not sensed during the specified AV INTERVAL after each atrial 
PULSE, a ventricular PULSE is provided.  

DD.3.7  sequential, ventricular synchronised (triggered) mode (DVT):  Mode in which the IMPLANTABLE 
PULSE GENERATORS provides atrial pacing at the BASIC RATE. After each atrial PULSE, during a period equal 
to the set AV INTERVAL, a ventricular PULSE is provided in synchrony with a spontaneous ventricular BEAT If 
no ventricular BEAT is sensed in that period, then a ventricular PULSE is immediately provided. The atrial 
sensing function is disabled or absent.  

DD.3.8  For AV sequential mode (with sensing and pacing in both chambers), the following four modes 
can be distinguished:  

DD.3.8.1  Inhibition in both channels (DDI):  Mode in which a spontaneous atrial BEAT interrupts the 
IMPLANTABLE PULSE GENERATOR’S VA interval and starts an AV INTERVAL without release of an atrial PULSE. 
A spontaneous ventricular BEAT interrupts either an AV or VA interval and starts a new VA interval without 
release of a ventricular PULSE.  

DD.3.8.2  Triggering in the atrial channel and inhibition in the ventricular channel (DDD):  Mode in which a 
spontaneous atrial BEAT interrupts the IMPLANTABLE PULSE GENERATOR’S VA interval and starts an AV 
INTERVAL with release of an atrial output. A spontaneous ventricular BEAT interrupts either an AV or VA 
interval and starts a new VA interval without release of a ventricular PULSE.  

DD.3.8.3  Inhibition in the atrial channel and triggering in the ventricular channel (DDD):  Mode in which a 
spontaneous atrial BEAT interrupts the IMPLANTABLE PULSE GENERATOR’S VA interval and starts an AV 
INTERVAL without release of an atrial PULSE. A spontaneous ventricular BEAT interrupts that AV INTERVAL 
and starts a new VA interval with release of a ventricular PULSE.  

DD.3.8.4  Triggering in both channels (DDT):  Mode in which a spontaneous atrial BEAT interrupts the 
IMPLANTABLE PULSE GENERATOR’S VA interval and starts an AV INTERVAL with release of an atrial PULSE. A 
spontaneous ventricular BEAT interrupts that AV INTERVAL and starts a new interval with release of a 
ventricular PULSE.  

NOTE If the AV INTERVAL cannot be interrupted by a ventricular BEAT with a release of a ventricular PULSE as consequence, the 
system is said to be “committed”.  

DD.3.9  Ventricular asynchronous mode (VOO):  Mode in which a ventricular PULSE is provided at the 
BASIC RATE, independent of the activity of the heart. Atrial functions and ventricular sensing are disabled or 
absent.  

DD.3.10  Ventricular inhibited mode (VVI):  Mode where if the ventricular sensing function detects a beat 
interval shorter than the ESCAPE INTERVAL, then the IMPLANTABLE PULSE GENERATOR suppresses ventricular 
pacing. If the sensed ventricular beat interval exceeds the ESCAPE INTERVAL, then the IMPLANTABLE PULSE 
GENERATOR provides ventricular pacing at the BASIC RATE. Atrial functions are disabled or absent.  
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DD.3.11  Atrial synchronised mode (VAT):  Mode in which, when a spontaneous atrial BEAT is sensed, the 
set AV INTERVAL commences and a ventricular PULSE is provided at the end of that interval. If the sensed 
atrial beat interval exceeds the ESCAPE INTERVAL, then the IMPLANTABLE PULSE GENERATOR provides 
ventricular pacing at the BASIC RATE. Ventricular sensing and atrial pacing functions are disabled or 
absent.  

DD.3.12  Atrial synchronised, ventricular inhibited mode (VDD):  Mode in which both ventricular and atrial 
sensing are provided. The set AV INTERVAL commences when a spontaneous atrial BEAT is sensed and a 
ventricular PULSE is provided at the end of that interval. If either the sensed atrial or ventricular beat 
intervals exceed the ESCAPE INTERVAL, then the IMPLANTABLE PULSE GENERATOR provides ventricular pacing 
at the BASIC RATE. Atrial pacing is disabled or absent.  

DD.3.13  Ventricular triggered mode (VVT):  Mode where if the sensed ventricular beat interval is shorter 
than the ESCAPE INTERVAL, then a ventricular PULSE is provided synchronously with the spontaneous 
ventricular BEAT. If the sensed ventricular beat interval exceeds the ESCAPE INTERVAL, then ventricular 
pacing is provided at the BASIC RATE. Atrial functions are disabled or absent.  
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Annex EE 
(informative)  

 
Symbols 

Table EE.101 - Conventional symbols  

 

Documentation inside 

Symbol TitleSymbol Title 

Dual chamber connector 
- bipolar 
(coaxial connector) 

Dual chamber connector 
- bipolar 
(bifocal) 

Single chamber connector 
- bipolar 
(bifocal) 

Single chamber connector 
- unipolar 

Dual chamber connector 
- unipolar 

Single chamber connector 
- bipolar 
(coaxial connector) 

IMPLANTABLE PULSE 
GENERATOR 
- with telecommunication 

IMPLANTABLE PULSE 
GENERATOR 
- programmable 

IMPLANTABLE PULSE 
GENERATOR 
- not programmable 

Prohibitive sign 
CARDIAC PACEMAKER 
Defibrillators 
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Annex FF 
(normative)  

 
Pulse forms 

 

A max 

D
ms

3 
A max 

 

Figure FF.101 - Measurement of pulse duration  

A =

D

ms

D
F

F

A =  calculated value,
corresponding to the
area for the
determination of PULSE
AMPLITUDE

 

Figure FF.102 - Measurement of pulse amplitude  
 

AT 

t 
T

ms

t = 2 ms ± 0,2 ms 
T = 15 ms ± 1 ms 
Source impedence ≤ 1 kΩ
NOTE   The signal may be either 
positive or negative  

Figure FF.103 - Form of signal from a test signal generator used for  
the exact determination of sensitivity (sensing threshold)  
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Annex GG 
(normative)  

 
Interface circuits 

CAUTION     Care must be taken in the construction of the tissue interfaces to prevent electrical 
crosstalk within the tissue interface circuit. 

D

C

G

J

F

Cx

R3

R4

R4

R2

C1

C1

R1

K

 

C  Input (test signal) 

D Monitoring point 
(test signal) 

K Monitoring point 
(ipg) 

Figure GG.101 - Tissue equivalent interface circuit for current measurements  
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G
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H
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F 

Cx 

R5 

R1 

K 

R2 

R2 

C2 

R3 

C2 

R3 

C1 

C1 

C1 

C1 

R4

R4

R4

R4

R6 R6

R5 

E  

C  Input (test signal) 

D Monitoring point 
(test signal) 

E Input  
(inhibition 
generator) 

K Monitoring point 
(ipg) 

Figure GG.102 - Tissue equivalent interface circuit to check for malfunction  
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A B 
R1 R2 R3

C1 C3 C2 

 

A  Input 

B  Output 

Switch up               
bypass  mode 

Switch down:        
filter mode 

Figure GG.103 - Low pass filter used to attenuate the  
500 kHz component of the test signal  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

D 

G

F 

R1 

R1 

E K 

C 

-6 dB 

R2 

R2 

Directional 
Coupler 
-20 dB 

Power 
Splitter 
-3 dB 

Bias 
Tee 

Bias 
Tee 

-6 dB 

E’ K’

 

 

L

L

C

C

 

 

 

C  Input (test signal) 

D  Monitoring point 
(test signal) 

E  Input (inhibition 
generator) 

E’ Input  or 
termination 

F Output to ipg 

G  Output to ipg 

K Monitoring point 
(ipg) 

K’  Monitoring point 
(ipg)or 
termination 

All co-axial connections are 50 Ω and of minimal length. 

Figure GG.104 - Injection network  
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Table GG.101 - Component values for Figure GG.101 

R1 68 Ω  (2 W) R4 560 Ω 
R2 82 Ω   (1 W) C1 15 nF 
R3 120 Ω    CX Refer to Annex HH 

Table GG.102 - Component values for Figure GG.102  

R1 68 Ω  (2 W) C1 15 nF 
R2 82 Ω   (1 W) C2 180 pF 
R3 120 Ω    CX Refer to Annex HH 
R4 560 Ω   
R5 56 kΩ   
R6 1 MΩ   

Table GG.103 - Component values for Figure GG.103  

R1 4,7 kΩ   C1 22 nF 
R2 15 kΩ C2 6,8 nF 
R3 47 kΩ C3 2,2 nF 

Table GG.104 - Component values for Figure GG.104 

R1 56 kΩ R2 500 Ω 

Bias Tee C = 120 pF,  L = 0,5 mH 

Unless otherwise stated all resistors used shall be of film type with low inductance, tolerance ± 2 %, rated 
0,5 W and all capacitors shall be of the ceramic type, tolerance ± 5 %.  
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Annex HH 
(informative)  

 
Selection of capacitor CX 

This annex describes a method for selecting capacitor CX that is used in the tissue interface circuits 
described in Annex GG. Capacitor CX is used to reduce any spuriously injected low-frequency signals 
from the interference signal generator.  

Procedure:    Use oscilloscopes with an nominal input impedance of 1 MΩ with a bandwidth of at least 
30 MHz.  

For frequencies above 9 kHz, the low-pass filter should conform to Figure GG.103. For frequencies below 
9 kHz, low-pass filter may require proper scaling.  

The test signal generator and tissue equivalent circuit to be used in the test procedure are connected to 
the oscilloscopes and low pass filter as shown in Figure HH.101. Adjust the test signal generator to 
provide the signal specified in the test procedure.  

NOTE When selecting CX for burst modulated test signals, use only carrier frequencies above 1 kHz.  

Select a value of CX for a reading that is less than 0,2 mV measured a test point B of the low-pass filter.  

 

Test signal 
generator 

Oscilloscope

C 

D 

Tissue 
equivalent 
interface 

Oscilloscope 

B A 
Filter

 

Figure HH.101 - Test to check for spurious low frequency  
noise and to determine the value of CX  
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Annex II 
(normative)  

 
Calibration of the injection network, Figure GG.104 

This annex describes the method for calibrating the injection network described in Annex GG. The 
calibration factor, m, is the link between test voltage, Vpp, and measured voltage at the oscilloscope #1 
connected to test point D of the injection network, Vosc: 

Vpp  = m * Vosc 

If only high frequency components with specified low tolerances are used, the calibration factor can be 
calculated using the formula: 

20 * log(m) = - [aDC + aPC + aAT + aBT] + cDC + 6 dB 

where aDC is the maximum insertion loss of the directional coupler in dB 

 aPC is the maximum insertion loss of the power splitter for each way in dB 

 aAT is the maximum insertion loss of the attenuator in dB 

 aBT is the maximum insertion loss of the bias tee in dB 

 cDC is the minimum coupling loss of the directional coupler in dB 

and coupler loss is entered as a positive value. 

Otherwise the calibration factor must be determined as follows: 

Calibration equipment. The configuration of Figure 147 is used. Output G is terminated by a 50 Ω 
terminator. Output F is connected to a calibrated high frequency voltage meter with an input impedance of 
50 Ω, an accuracy of at least ± 1 dB and a bandwidth of at least 450 MHz. 

Calibration signal. The output from the test signal generator shall be unmodulated carrier. 

Calibration procedure. The calibration signal shall be increased until the output voltage at the voltage 
meter reaches the peak-to-peak value indicated in the following table. Read the peak-to-peak voltage on 
the oscilloscope #1 connected to test point D of the injection network, Vosc. The calibration factor, m, is 
equal to 10 V divided by Vosc.  

NOTE Depending on available test equipment, these values may be converted to Vrms.  This is left to the discretion of the party 
performing the test. The calibration amplitudes and units shall be documented in the test report. 
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Table II.101 – Calibration signal amplitude 

Frequency  
MHz 

Output F  
Vpp 

10 2,58 

20 3,85 

30 4,38 

40 4,62 

50 4,75 

60 4,82 

70 4,87 

80 4,90 

90 4,92 

100 4,93 

150 4,97 

200 4,98 

300 4,99 

400 5,00 

450 5,00 
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