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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The p Htenance are
desc ded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all suelf patent righfs. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Commtittee ISO/TC 150, Implants for surgery, Subcommittee
SC 6,|Active Implants.

This|second edition cancels and replacesthe first edition (ISO 14117:2012), which has been technically
reviged.

The Inain changes compared to the.previous edition are as follows:
ew definitions added far interference mode and transient exposure;

— the breakpoint between injected voltage testing and radiated testing reduced from Y450 MHz to
385 MHz to account for new wireless services;

— Ilodification and clarification of 4.4, temporary exposure to CW sources;
ew 4.10\concerning transient exposure to low-frequency magnetic field sources;

— 1fecognition of multiple electrode leads such as those with 1S-4 and DF-4 connectors;

— new 7.4 explicitly requiring separation distance warning when applicable;
— elimination of the table of emitters and frequencies from Annex B;

— addition of new informative Annex N describing generic nomenclature for multi-port, multi-
electrode systems;

— addition of new informative Annex O to provide a sample test method for evaluation of transient
exposure;

— overall language clarifications, corrections to minor use issues from edition 1, and updated
rationale.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

© IS0 2019 - All rights reserved v
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Introduction

The number and the types of electromagnetic (EM) emitters to which patients with active implantable
cardiovascular devices are exposed in their day-to-day activities have proliferated over the past
two decades. This trend is expected to continue. The interaction between these emitters and active
implantable cardiovascular devices (pacemakers and implantable cardioverter defibrillators, or ICDs)
is an ongoing concern of patients, industry and regulators, given the potential life-sustaining nature
of these devices. The risks associated with such interactions include device inhibition or delivery of
inappropriate therapy that, in the worst case, could result in serious injury or patient death.
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h the function of improving cardiac output by optimizing ventricular synchrony, in,add
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ese devices can deliver an additional therapy with respect to pacemakers and ICD dey
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pacemakers also apply to CRT-P devices, and the appropriate way to testa CRT-P dev|
e way pacemakers are tested. Similarly, the concepts that apply to IGD devices mostly :
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1 EM environments that patients might encounter.

int that manufacturers of transmitters and any other equipment that produces EM f{
or unintentional) understand that such equipment can interfere with the proper oper
blantable cardiovascular devices.

int to understand that these interactions can occur despite the conformance of the d
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(FCO).
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An emitter with a fundamental carrier frequency up to 1 kHz has the potential to be sensed directly
by the pacemaker or ICD. Also, higher-frequency carriers that have baseband modulation rates below
500 Hz and that have sufficient proximity and power might be sensed by the pacemaker or ICD.

Additional details regarding this issue can be found in Annex M.
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This document addresses the EM compatibility of pacemakers and ICDs up to 3 000 MHz and is divided
in several subclauses.

a)

b)

© IS0 2019 - All rights reserved

0 Hz < f< 385 MHz

In the lower-frequency bands (<385 MHz), there are many EM emitters, such as broadcast radio
and television, and a number of new technologies or novel applications of established technologies
that can increase the likelihood of interaction between the emitters and patients’ pacemakers and
ICDs. A few examples:

electronic article surveillance (EAS) systems;

access control systems (radio-frequency identification, or RFID);

new wireless services in the ultra-high-frequency and very-high-frequency bands;
magnetic levitation rail systems;

radio-frequency (RF) medical procedures, such as high-frequency surgery and ablation therapy;
metal detectors;

magnetic resonance imaging;

experimental use of transponders for traffic control;
1+ wireless charging systems for electric or hybrid ¥€hicles.

385 MHz < f<3 000 MHz

These are the frequencies, f, that are typically associated with personal hand-held commmunication
devices (e.g. wireless telephones and two-way radios).

Two decades ago, relatively few pacemaker patients used hand-held transmitte

¢xposed to EM fields from portable’transmitters. Hand-held, frequency-modulated

or business, public safety, and.dmateur radio communications represented the p
pplications. However, the environment has changed rapidly during the past 15
ireless phone systems beeoming increasingly common as this technology matured 3
idespread public acceptance. Thus, it is becoming increasingly likely that a large pd
acemaker and ICD patient population will be exposed to EM fields from portable wit

ransmitters operdted either by themselves or by others. Also, it should be expect
ireless technology revolution will continue to evolve new applications using increas
icrowave frequencies.

ost eleetronic equipment, including external medical devices, has been designed for ¢
ith relatively low-amplitude EM conditions. Recognizing the wide range of EM e
hat{patients could encounter, implantable devices have been designed to tolerate n
mplitude EM conditions than most other electronic products. However, in som

r's or were
[ransceivers
redominant
years, with
nd received
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eless phone
ed that the
ingly higher

bmpatibility
l)vironments
quch higher-
P instances,

plex electric

even this enhanced immunity 1S not suilficient to achieve compatibility with the com

and magnetic fields generated by low-power emitters located within a few centimetres of the
implantable device. Studies in the mid-1990s demonstrated that some models of pacemakers and
ICDs had insufficient immunity to allow unrestricted use when in close proximity to some hand-
held emitters (e.g. wireless telephones and two-way radios). Although operating restrictions can
help prevent EM interaction with implantable devices, this approach is not viewed as an optimum
long-term solution. Rather, improved EM compatibility is the preferred method for meeting patient
expectations for using wireless services with minimal operating restrictions.

Some technological factors are contributing to the expanding variety of emitters to which patients
might now be exposed:

— smaller wireless phones;
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introduction of digital technology;

peak transmitter power.

Wireless phone size has now been reduced sufficiently so that it is possible for patients to carry
a phone that is communicating or in standby mode in a breast pocket immediately adjacent to a
pectorally implanted device.

The various wireless phone standards allow for a range of power levels and modulation schemes.
Most digital wireless phones are capable of producing greater peak transmitted power than analog
phones are capable of producing. Those factors contribute to greater potential interactions with

kers and ICDs
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ipole antenna to simulate a hand-held wireless transmitter 15 cm from the dimplan|
| characterization test is described that uses higher power levels to simulate a hand
b transmitter placed much closer to the implant.

D MHz

tument does not require testing of devices above 3 GHz. The upper-frequency limit ch
document reflects consideration of the following factors:

types of radiators of frequencies above 3 GHz;

increased device protection afforded by the attenuatien‘of the enclosure and body tiss
rowave frequencies;

expected performance of EMI control features that typically are implemented to mee
er-frequency requirements of this documeng;-and

reduced sensitivity of circuits at microwave frequencies.
nal details can be found in Clause 5.

n, it is reasonable to expect-that patients with pacemakers and ICDs will be exp
gly complex EM environments. Also, the rapid evolution of new technologies and

ment and customer expectations, manufacturers will need to evaluate their product de
mpatibility with the '‘complex fields, broad range of frequencies, and variety of modul
ociated with existing and future applications.

fovides the rationale for certain provisions of this document in order to provide u
information-for reviewing, applying, and revising this document. This rationale is dir¢
viduals who are familiar with the subject of this document but have not participated
marks,made in this annex apply to the relevant clause, subclause, or annex in this docuf
ng therefore, might not be consecutive.
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Active implantable medical devices — Electromagnetic
compatibility — EMC test protocols for implantable cardiac
pacemakers, implantable cardioverter defibrillators and
cardiac resynchronization devices

1

This
(EM
tachy

N

NOTH

fcope

document specifies test methodologies for the evaluation of the electromagnetic c
[) of active implantable cardiovascular devices that provide one or more therdpies for |
cardia and cardiac resynchronization in conjunction with transvenous lead systems.

This document was designed for pulse generators used with endocardiaMeads or epicat

the time of this edition, the authors recognized the emergence of technologies.that do not use endd

orep
of mg

It sp
oper

This
enco
prov

2

The
cons
unda

ISO
requ

ISO
pace

ISO

cardial leads for which adaptations of this part will be required. Such adaptations are left to
nufacturers incorporating these technologies.

pcifies performance limits of these devices, which are subject to interactions with
hting across the EM spectrum in the two following ranges:

Hz < f< 385 MHz;

385 MHz < f<3 000 MHz

document also specifies requirements f6r the protection of these devices fron
intered in a therapeutic environment and' defines their required accompanying doc

bmpatibility
bradycardia,

dial leads. At
cardial leads
he discretion

KM emitters

n EM fields
umentation,

ding manufacturers of EM emitters with'information about their expected level of imunity.

Normative references

following documents are(referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the ldtest edition of the referenced document (including any amendme

14708-1:2014, Implants for surgery — Active implantable medical devices — Par
rements for safety, marking and for information to be provided by the manufacturer

14708-2:2019, Implants for surgery — Active implantable medical devices — Par
makers

14708-6:2019, Implants for surgery — Active implantable medical devices — Part

heir content
applies. For
hts) applies.

t 1: General

- 2: Cardiac

: Particular

requ
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implantable defibrillators)

3 Terms, definitions, symbols and abbreviated terms

3.1

Terms and definitions

(including

For the purposes of this document, the terms and definitions given in ISO 14708-1:2014,
[SO 14708-2:2019, ISO 14708-6:2019 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[

© ISO
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3.1.1
pacemaker

:2019(E)

[EC Electropedia: available at http://www.electropedia.org/

implantable pacemaker
active implantable medical device intended to treat bradyarrhythmias, comprising an implantable DUT

and leads

[SOURCE: ISO 14708-2:2019, 3.3, modified — “DUT” substituted for “pulse generator”, and the admitted
term" implantable pacemaker" added.]

3.1.2

ICD

implantabl
active impl
detect and ¢
to the heart

[SOURCE: IS

3.1.3

CRT-P
implantabl
active impl3
cardiac outy

[SOURCE: IS

3.1.4
CRT-D
implantabl
active impl;
application
activation t

[SOURCE: I§
3.1.5

inhibition g
equipment {

3.1.6

p cardioverter defibrillator
intable medical device comprising an implantable DUT and lead(s) that is.intend¢
orrect tachycardias and fibrillation by application of cardioversion/defibrillation pu

0 14708-6:2019, 3.2, modified — “DUT” substituted for “pulse generator”.]

e cardiac resynchronization therapy pacing device

ut, comprising an implantable DUT and leads

0 14708-2:2019, 3.7, modified — “DUT” substitutedfor “pulse generator”.]

p cardiac resynchronization therapy/defibrillator device

intable medical device intended to detect and correct tachycardias and fibrillatig

of cardioversion/defibrillation pulses to the heart, and to provide improved ventri
optimize cardiac output, comprising an implantable DUT and leads

0 14708-6:2019, 3.34, modified — “DUT" substituted for "pulse generator".]

enerator
hat generates a simitlated heart signal for devices within the scope of this document

maximum permanently. programmable sensitivity
condition where the&ensing channels of an ICD or pacemaker are set, either automatically by the d
or programimed by-a clinician, to detect the lowest amplitude signals

ed to
se(s)

intable medical device intended to provide improved ¥entricular activation to optimize

n by
cular

bvice

Note 1 to entfy:These settings are intended for use without direct medical supervision.

Note 2 to entry: Sensitivity settings are usually expressed in terms of the minimum voltage that can be sensed.
Therefore, a sensitivity of 1 mV is actually more sensitive than a setting of 2 mV.

Note 3 to entry: An AIMD can have settings, including those for sensitivity, that by design of the device or its
software, are only temporarily available for use during diagnostic testing (such as during manufacture) or for
testing at the time of implantation. Such settings are therefore unavailable for use by patients when not under

immediate m

3.1.7

edical care and are not intended to be encompassed by the testing herein.

interference mode
where asynchronous pacing is delivered in response to detected interference

© ISO 2019 - All rights reserved
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3.1.8
transient exposure
exposure of the implanted DUT and leads for a period of less than 15 seconds

Note 1 to entry: 15 seconds is considered to be a reasonably foreseeable maximum exposure duration for persons
walking past a stationary emitter.

3.2 Acronyms and abbreviations

Table 1 shows acronyms and abbreviations used in this document.

Table 1 — List of acronyms and abbreviations

Acronym or abbreviation Description
A atrial
AAMI Association for the Advancement of Medical Instrumentation
ACA antenna cable attenuation (+dB)
AdBm power meter “A” reading (dBm)
ASIC Application Specific Integration'Circuit
ATP antitachycardia pacing
BdBm power meter “B” reading (dBm)
BPEG British Pacing and\Electrophysiology Group
bpm beats per minute
CENELEC European Gommittee for Electrotechnical Standardization
CIEDQ Cardiacdimplantable Electronic Device
CRT cardiac resynchronization therapy
CRT-P implantable cardiac resynchronization therapy pacing|device
CRT-p implantable cardiac resynchronization therapy/defibrillator device
cw continuous wave
dB decibel
dBm| decibels above a milliwatt
DCF directional coupler forward port coupling factor (+dB)
DCR directional coupler reflected port coupling factor (+dB)
DUT device under test
EAS electronic article surveillance
ECG electrocardiogram
EGM electrogram
EM electromagnetic
EMC eleetremagneticcompatibility
EMI electromagnetic interference
EN European Norm
ESMR enhanced specialized mobile radio
f frequency
FCC Federal Communications Commission
FP forward dipole power (mW)
FPdBm forward dipole power (dBm)
ICD implantable cardioverter defibrillator

NOTE Throughout this document, DUT has been used to designate all devices within the scope of this document. When a
certain test or requirement applies only to a specific type of device, that designation is used.

© IS0 2019 - All rights reserved 3
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Table 1 (continued)

Acronym or abbreviation Description
ICNIRP International Commission on Non-lonizing Radiation Protection
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
A wavelength
NASPE North American Society of Pacing and Electrophysiology
NP net dipole power (mW)
o.d. ottside-diameter
Qcm measure of resistivity (Ohm-cm)
PCS personal communication services
PVARP post ventricular atrial refractory period
RF radio frequency
RFID radio-frequency identification
rms root mean square
RP reflected dipole power (mW)
RPdBm reflected dipole power (dBm)
SMA subminiature “A”
Tsns simulated heart signal interval
\4 ventricular
VF ventricular fibrillatien
VSWR voltage standing-wave ratio
VT ventricular tachycardia
NOTE Throughout this document, DUT has been used to designate all devices within the scope of this document. When a
certain test of requirement applies only to a specific type-af-device, that designation is used.

4 Test requirements for the frequency band 0 Hz < f< 3 000 MHz

4.1 General requirements forall devices

Implantablelpacemakers, ICDs.and CRT devices shall not create an unacceptable risk for patients be¢ause
of susceptibility to electriealinfluences due to external EM fields, whether through malfunction qf the
device, damfage to the dévice, heating of the device, or by causing local increase of induced electrical
current denpity within'the patient.

In 4.2 through 4.9, connections between the DUT and a tissue-equivalent interface circuitf are
illustrated @ising, generic DUT symbols with a layered stacking of connection points on the DUT to
indicated additional lead ports. These drawings were initially created for simple unipolar or bipolar
ports intended to connect to leads with either a single or, at most, two electrodes. With the advent
of leads having more than two electrodes (e.g. IS-4 or DF-4), these interconnection drawings become
considerably more complex. In addition, the number and combination of port types for a given DUT
can vary widely between manufacturers. Therefore, the connection drawings, even as given, should be
treated as guidance, and engineering judgement should be applied to determine the set of connections
necessary for a given DUT and type of test. To assist users of this document, Annex N has been prepared
which illustrates a generic DUT with a reasonable worst case number of ports and electrodes. Annex N
further discusses how such a complex DUT should be treated with respect to interconnection to an
appropriate tissue-equivalent interface.

In 4.2 through 4.5, the test procedures specify the optional use of a coupling capacitor C,. If this
capacitor is used to demonstrate compliance with the requirements of the related subclause, then the
value of C, can be determined according to the method described in Annex E.
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The following tests are generally intended to address the compatibility of the intracardiac signal
sensing. Any additional physiological sensors may be turned off during testing. Physiologic sensors
should be considered as part of the risk assessment required by 5.5 of ISO 14708-1:2014.

The tests outlined in this document are to be seen as type tests and shall be performed on a sample of
one device as being representative of the devices leaving volume production.

Compliance shall be confirmed if, after performance of the appropriate procedures described in 4.2 to
4.9, the values of the characteristics when measured are as stated by the manufacturer specification of

the DUT.

All requirements shall be met for all settings of the DUT, except as follows:

I

q

]

q

This
devid

If thd
ina
test

For pacemakers and CRT-P devices: those sensitivity settings that the manufacturer'spq

jccompanying documentation as not meeting the requirements of 4.4 and 4.5.2/0.

For ICDs and CRT-D devices: those sensitivity settings that the manufacturer spe
iccompanying documentation as not meeting the requirements of 4.5.2.2|

does not mean that all combinations of settings are tested, but at least the setting t
e is preset by the manufacturer should be tested completely.

case of the DUT is covered with an insulating material, the BUT (or part of it) should H
) g/l saline bath held in a metal container; the metal contdiner should be connected di
ircuit as applicable in each test set up.

Manufacturers that use an automatic gain control function (or similar feature) for sensi

bcifies in the

rifies in the

o which the

e immersed
rectly to the

hg purposes

should include a detailed test method.

4.2 | Induced lead current

4.2.1 General requirements

The DUT shall be constructed so thatambient EM fields are unlikely to cause hazardous lodal increases
of influced electrical current density-within the patient.

4.2.2 Pacemakers and CRT-P devices

Test| equipment: Use ¢he test setup specified in Figure 2; the tissue-equivalent intefface circuit
specified in Figure Di3yand Table D.1a); the low-pass filter specified in Figure D.4; two ogcilloscopes,
input impedance noniinal 1 MQ; and test signal generators, output impedance 50 ().

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 shpll be either
sweptover the range 16,6 Hz to 20 kHz at a rate of 1 decade per minute or applied at a minimum of four
distiret-wel-spaced-frequenciesper-decade-between16;6- Hzand 20-kHzwith-an-evendy distributed
dwell time of at least 60 s per decade.

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 1).

© ISO

i

Figure 1 — Test signal 2
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The maximum peak-to-peak voltage of the modulated signal shall be 2 V. The modulation index, M, shall
be 95 %, where

V. —v
M=-L2__ %100
Vpp+v

Test procedure: The test signal generator shall be connected through input C of the interface circuit
as shown in Figure 2. The test signal shall be measured on the oscilloscope connected to monitoring
point D.

1
®
=
O 1
D
o F AS
5 3 ®G Q
(J
cl I
®C K N
®
4
® A Be—
Key
1  oscilloscppe
2 testsigngl generator
3 tissue equivalent interface
4 filter

Figure 2 — Test setup for measurement of induced current

The induce( electrical currentis.measured by the oscilloscope connected to test point K through the
low-pass filter (as specified in\Figure D.4), as shown in Figure 2. When test signal 1 is being used, the
low-pass filer shall be switched to bypass mode.

The capacitgr C, of the'interface circuit (see Figure D.1) shall be bypassed unless required to elimjnate
spurious low-frequency signals produced by the interference signal generator (see Annex E).

NOTE1 It|is_net'mandatory that a current measurement be made in the period from 10 millisecondq (ms)
preceding a gtimulation pulse to 150 ms after the stimulation pulse.

The pacemaker or CRT-P shall be categorized into one or more of four groups as appropriate:
— single-channel unipolar devices shall be Group a);

— multichannel unipolar devices shall be Group b);

— single-channel bipolar devices shall be Group c);

— multichannel bipolar devices shall be Group d).

The bipolar channel should be tested in unipolar or bipolar mode, or both, according to the
programmability of the device and should be changed where applicable.
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Any terminal of the DUT not being tested shall be connected to the channel under test through a resistor
of value R = 10 kQ, as specified by the manufacturer.

Group a): the DUT shall be connected to the coupled outputs F and G of the tissue-equivalent interface
(as shown in Figure 3), with output ] connected to the case.

F

DUT
G
] ® ®

Figure 3 — Connection to a single-channel unipolar device

Group b): every input/output of the DUT shall be connected, in turn, to the cotipled outputs F and G of
the tjssue-equivalent interface (as shown in Figure 4), with output ] connected to the case.

] ]
F (@—e

G E DUT

] ® 0/

Figure 4 — Connection to a multichannel unipolar device

Group c): common mode performance-shall be tested with the DUT connected to the outpufs F and G of
the t|ssue-equivalent interface (as shewn in Figure 5), with output ] connected to the case.

Sl

G DUT

E .

Figure 5 — Common mode connection to single-channel bipolar device
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The pacemaker shall be connected between the coupled outputs F and G and the output ] of the tissue-
equivalent interface (as shown in Figure 6).

F

G DUT

] @——

Figure 6 — Differential mode connection to single-channel bipolar device
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Group d): common mode performance shall be tested by every input and output of the pacemaker being
connected, in turn, to outputs F and G of the tissue-equivalent interface (as shown in Figure 7), with

output ] connected to the case.

Differential
Every input
G and the oy

The curren
reading on

measurement shall be taken at testpoint B (filter output) using either an oscilloscope that hag
measuremept capabilities, or actrue rms voltmeter. The measurement shall be divided by 82 () to a

at a value fof current.

Compliance(shall be confirmed if:

— for test gignal 15.the measured current is not greater than that specified in Table 2; and

— for testighal 2, the current at modulating frequency of 130 Hz is not greater than 50 pA rms.

& /]
F
G DUT
] ® °

Figure 7 — Common mode connection to multichannel bipolar device

tput ] of the tissue-equivalent interface (as shown in Figure 8).

DUT

Figure 8 — Differential mode connection to multichannel bipolar device

the oscilloscope, connected’to test point K by 232 Q for test signal 1. For test signal Z

mode performance shall be tested using the test signals reduced to.one-tenth amplifude.
and output of the pacemaker shall be connected, in turn, between the-coupled outputs F and

t (root mean square, or rms) shall be determined by dividing the peak-to-peak volltage

, the
rms
rrive

Table 2 — Spurious injection current limits

f Current rms
16,6 Hz<f<1kHz 50 pA
1kHz <f<20kHz 50 pA x (f/1kHz)

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:2019(E)

4.2.3 ICDs and CRT-D devices

4.2.3.1 Testrequirements

Test equipment: Use the test setup specified in Figure 2; the tissue-equivalent interface circuit specified
in Figure D.1 and in either Table D.1a) or Table D.1b); the low-pass filter specified in Figure D.4; two
oscilloscopes, input impedance nominal 1 M(}, < 30 pF; and test signal generators, output impedance 50 ().

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

Care should be taken that the test signal generator does not itself produce low-frequency components

(see B

Test
swefl
disti
dwel

Test
modj

The 1
be 9]

Test
as sh
poin{

The
pass
shall

The
spur

Curr
aften

The
the t|
high

CAU

[ time of at least 60 s per decade.

M=

TITEX -

signal 1 shall be a sinusoidal signal of 1 V peak-to-peak amplitude. The frequency sh
t over the range 16,6 Hz to 20 kHz at a rate of 1 decade per minute or applied at amini
hct, well-spaced frequencies per decade between 16,6 Hz and 20 kHz, withnah evenly]

voltage 2 shall be a sinusoidal carrier signal, frequency 500 kHz,"with continuou
hlation at 130 Hz (double sideband with carrier) (see Figure 1).

maximum peak-to-peak voltage of the modulated signal shall be-2V. The modulation in
% where

V. —-v
PP~ w100

Vpp +v

procedure: The test signal generator shall bé,connected through input C of the inte
own in Figure 2. The test voltage shall be measured on the oscilloscope connected tg
D.

measuring oscilloscope shall be conneeted to test point K of the interface circuit throy
filter (see Figure D.4) as shown in'Figure 2. When the test signal 1 is being used, the lo
be switched to bypass mode.

rapacitor C, of the interfaceycircuit (see Figure D.1) shall be bypassed unless required
ous low-frequency signals produced by the interference signal generator (see Annex H

ent measurement jSnot required in the period from 10 ms preceding a stimulation pul
the stimulation(ulse.

DUT shall he'set to the factory settings (nominal or as recommended by the manufact
est. The tachyarrhythmia therapy functions of the DUT shall be inactive during the
voltage-capacitors, if any, shall not be charged.

[TON — Take care to ensure that the high-voltage capacitors are discharged. Fa

all be either
mum of four
distributed

s amplitude

dex, M, shall

rface circuit
monitoring

1gh the low-
-pass filter

to eliminate
).

e to 150 ms

irer) during
est, and the

ilure to use

safe

laboratorv ?I"\l‘f‘l‘ﬂ(‘ canraculliin cavara alactrical chaoclkk raculting II‘: DAErSOon

T UTOaToUT TOCTICC ot T o U It I OV eI T TIC T ICa T onuTIT, T oourtitrg T oULT

al injury or

death to the persons handling the equipment or conducting the test. Also, damage to electrical
equipment, particularly the tissue-equivalent interface circuit, is likely.

4.2.3.2 Measurement of current injected through sense/pace terminals

Select the tissue-equivalent interface circuit specified in Figure D.1 and Table D.1a). If the DUT offers
multichannel sensing/pacing, then every input or output of the DUT shall be tested in turn. Any
sense/pace terminal of the DUT not being tested shall be connected to the equivalent terminal of the
channel under test through a resistor of value R = 10 kQ as specified by the manufacturer (for safety,
cardioversion/defibrillation terminals are loaded with high-voltage 50 Q, 25 W resistors, R;).

Bipolar sense/pace DUTs shall be tested in two configurations.
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Common mode performance shall be tested with the sense/pace terminals of the channel under test
connected to the output F and G of the tissue-equivalent interface (as shown in Figure 9) and the case
connected to output J.

Figure 9 — Common mode connection to multichannel bipolar device

Differential mode performance shall be tested using test signals 1 and 2 reduced to one-tenth amplifude.
The sense/pace terminals of the channel under test shall be connected between the coupled outputs F
and G and the output ] of the tissue-equivalent interface (as shown in Figtire 10).

Figure 10 — Differential mode connection to multichannel bipolar device

The current|(rms) shall be detérmined by dividing the peak-to-peak voltage reading on the oscillogcope
connected tp test point Kthrough the low-pass filter (as shown in Figure D.4 in bypass mode) by 432 Q
for test signjal 1. For test-signal 2, the measurement shall be taken at test point B (filter output) yising
either an os¢illoscopethat has rms measurement capabilities, or a true rms voltmeter. The measurement
shall be divided by82 () to arrive at a value for current..

Alternativelly,“@ true rms voltmeter with input impedance >1 MQ may be used to determine thg rms
current. The reading shall be accurate to £10 % within a bandwidth of the measured frequencies.

4.2.3.3 Measurement of current injected through cardioversion/defibrillation terminals

Select the tissue-equivalent interface circuit specified in Figure D.1 and Table D.1b).

The sense/pace terminals shall be loaded with resistors R| of 500 Q + 5 %. For a multichannel sensing/
pacing device, the sense/pace terminals shall be connected through resistors R of = 10 k{), as shown.
The manufacturer shall be free to choose the value of the resistors that are appropriate for the device
under test. If the DUT has more than two cardioversion/defibrillation terminals, the terminals not being
tested shall be connected to one of the terminals under test through a resistor R = 10 k() as specified by
the manufacturer.
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If both of the cardioversion/defibrillation terminals under test are intended to be connected to
endocardial leads, then the test signals shall be reduced to one-tenth amplitude. If one or both of the
cardioversion/defibrillation terminals under test are intended to be connected to patches on the
heart, the test signals shall be reduced to one-half amplitude. If any of the cardioversion/defibrillation
terminals are intended to be connected to a subcutaneous patch, then the full test signal amplitude
shall be used.

Common mode performance shall be tested with the cardioversion/defibrillation terminals connected
to the outputs F and G of the tissue-equivalent interface (as shown in Figure 11) and the case connected
to outputJ.

Ifth £firl o DI iy 4+ 2 1 dao t £ H pa|
CAdoU Ul LIICT DU T 15 dll dLlllIvi el 1nnlidl, 11U CUIITITIVUIT ITTUUT LCOL 101 Cl.iull Cu.

F (@
G@®—
IKC,

Figure 11 — Common mode connection for cardioversion/defibrillation terminals

Differential mode performance shall be tested with the cardioversion/defibrillation terminals
connected between the coupled outputs F and-G*and the output ] of the tissue-equivalent |nterface (as

shown in Figure 12).

F-le—e
G (®—
] ®——

Figure 12 — Differential mode connection for cardioversion/defibrillation terminals

If the DUT has more than two cardioversion/defibrillation terminals, the test is performed on each pair
of terminals in turn.

The current is determined by dividing the peak-to-peak voltage reading on the oscilloscope connected
to test point K through the low-pass filter (as shown in Figure D.4) by 133 Q for test signal 1. For test
signal 2, the measurement shall be taken at test point B (filter output) using either an oscilloscope that
has rms measurement capabilities, or a true rms voltmeter. The measurement shall be divided by 47
to arrive at a value for current..

Alternatively, a true rms voltmeter with input impedance 21 M can be used to determine the rms
current. The reading shall be accurate to +10 % within a bandwidth of at least 20 kHz.
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Compliance shall be confirmed if:

— for test voltage 1, the current (rms) shall be no greater than that specified in Table 3a) for sense/
pace terminals and Table 3b) for cardioversion/defibrillation terminals; and

— for test voltage 2, the current at 130 Hz shall be no greater than 50 pA rms.

Table 3a — Spurious injection current limits for sense/pace terminals

f Current rms
16,6 Hz < f< 1 kHz 50 pA
1kHz < f<20KkHz 50 pA x (f/1kHz)
Table 3b — Spurious injection current limits for cardioversion/defibrillation terminals
f Current rms
16,6 Hz < f< 1 kHz 50 pA
1kHz < f<20kHz 50 pA x (f/1 kHz)
4.3 Protdction from persisting malfunction attributable to ambient electromagneti¢
fields

4.3.1 General requirements

The DUT sh
that persist

4.3.2 Pac

4321 M
to 10 MHz

Test equipment: Use the test setup iiFigure 13, the tissue-equivalent interface circuit specifig
two oscilloscopes, inputimpedance nominal 1 MQ; and a test signal generator, ofitput

Figure D.2;
impedance |

Test signal

hll be constructed so that ambient EM fields arecunlikely to cause malfunction of the
b after the removal of the EM field.

emaker and CRT-P devices

hlfunction due to electromagnetic interference in the frequency range of 16,6

b0 ().

: The test signal-shall be a continuous sinusoidal signal that shall be either swept

the frequen|
of four disti
60 s per deq

The test sig]

y range of 16;6,Hz to 10 MHz at a rate of 1 decade per minute or applied at a mini
nct, well-spaced frequencies per decade with an evenly distributed dwell time of at
ade.

nal araplitude for unipolar and common mode test shall be as shown in Table 4.
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f

16,6 Hz < f< 20 kHz
20 kHz < f< 140 kHz

|4

pp

1V
1Vx (f/20KkHz)

140 kHz < f<10 000 kHz

7V x (f/ 140 kHz)0.162 4

Differential mode performance shall be tested using the test signal reduced to one-tenth amplitude of
the common mode test.

Test procedure: The test signal generator shall be connected through input C of the interface
circuit (as specified in Figure D.2), and as shown in Figure 13. The test signal shall be measured on
the oscilloscope connected to monitoring point D. The operation of the DUT can be recorded on the
oscilloscope connected to monitoring point K.
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Figure 13 — Test setup to check for induced malfunction

The PUT shall be categorized into one or more of four groups as appropriate:
— gingle-channel unipolar devices shall be Group:a);

— 1nultichannel unipolar devices shall be Group b);

— gingle-channel bipolar devices shall bé-Group c);

— 1nultichannel bipolar devices shall be Group d).

A bipolar channel should be tested in all possible modes (unipolar, bipolar, or both), according to the
programmability of the devige:

Group a): the DUT shall be_connected to the coupled outputs H and I of the tissue-equivalgnt interface
(as shown in Figure 14), with output ] connected to the case.

DUT

— T
P11

Figure 14 — Connection to a single-channel unipolar device

Group b): every input and output of the DUT 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 15), with output ] connected
to the case.
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9]

s —

G

H

I DUT
INC, \'/

Figure 15 — Connection to a multichannel unipolar device

Group c): common mode performance shall be tested with the DUT connected to the outputs-tand I of
the tissue-efquivalent interface (as shown in Figure 16), with output ] connected to the case!

@
l @—

E e

Figure 16 — Common mode connection to a singlezchannel bipolar device

DUT

Differential[mode performance shall be tested with the DUT'connected to the coupled outputs H and |
and the output ] of the tissue-equivalent interface (as shown in Figure 17).

H
DUT

I

] @—-~

Figure 17 — Differential mode connection to a single-channel bipolar device

Group d): cpmmon mode<petrformance shall be tested by every input and output of the DUT being
connected tp the outputs(F, G, H, and I of the tissue-equivalent interface (as shown in Figure 18),|with
output ] conpnected tothe case.

F
c®
H@— [ —
@7

I DUT

-\

Figure 18 — Common mode connection to a multichannel bipolar device

Differential mode performance shall be tested with every input and output of the DUT being connected,
in turn, between the coupled outputs H and I and the output ] of the tissue-equivalent interface (as
shown in Figure 19).
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Any terminal of the DUT not being tested shall be connected to the equivalent terminal of the channel
under test through a resistor of value R = 10 kQ as specified by the manufacturer.

F® —{_R ﬁ
c® — R H
H@—I‘

I @ DUT

] @— /

Figure 19 — Differential mode connection to a multichannel bipolar devic

Ay

Compliance shall be confirmed if, after application of the specified test signal,the DUT fupctions as it
did Yefore the test without further adjustment.

4.3.2.2 Malfunction due to electromagnetic interference in the frequency range of 10 MHz
to 385 MHz

Test|equipment: Use the test setup shown in Figure 21; the injection network specified by Figure D.5;
an ogcilloscope (#1), input impedance 50 (1, accuracy of +10 % within a bandwidth of at least 385 MHz;
and a test signal generator, output impedance 50 ).

Test|signal: The test signal shall be a modulated_signal of the form as shown in Fighire 20. The
carrier shall be amplitude modulated with a 130 Hz sinusoidal wave to create modulatipn bursts of
100 s duration. The burst-to-burst interval, 7, shall be measured from leading edge to leading edge
(see Figure 20). The burst-to-burst interval, T, of'the modulated signal shall be set to 700 mfs + 50 ms.

pp

100 ms

Fignrp 20 — Test cignnl for frprlnpnripc between 10 MHz and 385 MHz

The modulation bursts shall start and terminate at zero crossings of the modulation signal, thus the
envelope starts and terminates continuously. The burst count is 13 complete modulation cycles. The
modulation index, M, shall be 95 %, where:

V. —v
M=+ 100
Vpp +v

The peak-to-peak amplitude of the test signal, V__, cannot be measured directly at any connector of the
injection network during the test. Therefore, it is calculated from the voltage at connector D, V., by
applying the calibration factor, m, of Annex F.
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Test procedure: Prior to any testing, calibrate the setup using the procedure in Annex F. The test
signal generator shall be connected to the injection network through input C as shown in Figure 21.
The test signal generator shall be adjusted so that the test signal amplitude measured on oscilloscope
#1 connected to monitoring point D (V,.) when multiplied by the calibration factor for the injection
network, determined according to the method of Annex F, is equal to the required test signal amplitude,
Vpp 0f 14 V.

The modulated test signal shall be applied at a minimum of six distinct, well-spaced frequencies per
decade, beginning at 10 MHz and ending at 385 MHz (e.g. 10, 20, 40, 60, 80, 100, 200, 385), with an evenly
distributed dwell time of at least 60 s per decade. The amplitude of the test signal (V,,)) is defined as the
peak-to-peak amplitude of the open-circuit voltage driving the outputs (F, G) of the injection network.

NOTE Iflan rms voltmeter is used during calibration procedure and testing at monitoring point D, thgn the
test value is 3 % of the calibration value, to provide a nominal modulated test amplitude of 14 Vop (0Pen'ci rcuit)
at outputs F dnd G.

®-®—
E K
3
2 @F
@ @cC |
OF¢
®D OY
L Sefe

Key
1  oscilloscppe

2 testsignal generator
3 injection network

Figure 21 — Test setup to check for malfunction at high frequency

Connectiong between outputs F and_G.and the DUT shall be by copper straps, width =5|mm,
length <50 ihm (not including the lengthof the standard connector pin inserted into the device hedder).
Unused ports on the injection network shall be fitted with 50 () terminations.

Unipolar de¢vices shall be confiected to output F of the injection network (as shown in Figure 22), §ising
appropriate|RF techniques fonall connections. Each channel of a multichannel device shall be tested in
turn, and anfy channel not,under test shall be turned off and loaded with 500 (2 load resistors (Ry).

Figure 22 — Connection to a unipolar device

Bipolar devices shall be connected to outputs F and G of the injection network (as shown in Figure 23),
using appropriate RF techniques for all connections. Each channel of a multichannel device shall be tested
in turn, and any channel not under test shall be turned off and loaded with 500 (2 load resistors (R}).
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Figure 23 — Connection to a bipolar device

bliance shall be confirmed if, after application of the specified test signal, the -DUT fu
efore the test without further adjustment.

.3 Malfunction due to electromagnetic interference in the frequeney range of 3
D MHz

The DUT shall be subjected to the test procedure of 4.9.3.2 “optional characteriza

document (without device monitoring and recording of DUT pérformance, which is not

this 1
The {
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4.3.3

est).
est levels specified in 4.9.3.2 are mandatory for this,subclause.

bliance shall be confirmed if the DUT functions as+it-did before the test without further
ICDs and CRT-D devices

.1 Malfunction due to electromagnetic interference in the frequency range o

to 10 MHz

4.3.3
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.1.1 Test equipment and signal

equipment: Use the tissu€-equivalent interface circuits as specified in Annex D, Fig
e D.3; two oscilloscopes, input impedance nominal 1 M(), <30 pF. The oscilloscope ¢
point D (in Figure. 13y0r Figure 26) shall have an accuracy of +10 % within a bandwid
Hz; and a test signal generator, output impedance 50 ().

'ION — Good high-frequency test procedures should be observed. Modification

circyits is allowed but electrical equivalence shall be maintained.
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60 s per decade.

The test signal amplitude for common mode test shall be as shown in Table 5 below:

Table 5 — Peak-to-peak amplitudes V, in the range 16,6 Hz to 10 MHz

f
16,6 Hz < f< 20 kHz

20 kHz < f< 140 kHz
140 kHz < f< 10 000 kHz

Vop
1V
1V x(f/20KkHz)

7V x (f/ 140 kHz)0,162 4

Differential mode performance shall be tested using the test signal reduced to one-tenth amplitude of

the c

© ISO

ommon mode test.
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The DUT shall be set to the factory settings (nominal or as recommended by the manufacturer) during
the test. The tachyarrhythmia therapy functions of the implantable DUT shall be inactive during the
test, and the high-voltage capacitors, if any, shall be discharged.

CAUTION — Take care to ensure that the high-voltage capacitors are discharged. Failure to use
safe laboratory practices can result in severe electrical shock, resulting in personal injury or
death to the persons handling the equipment or conducting the test. Also, damage to electrical

equipment,

particularly the tissue-equivalent interface circuits, is likely.

4.3.3.1.2 Malfunction because of electrical interference on the sense or pace terminals

Test proce
generator s
voltage shal
operation of

The capacit
spurious loy

b

ure: Select the tissue-equivalent interface circuit specitied by Figure D.Z. The tests
all be connected through input C of the interface circuit, as shown in Figure 13./Thf{
| be measured on the oscilloscope connected to test point D of the interface @ircuit
the DUT can be monitored by the oscilloscope connected to test point K.

r C, of the interface circuit (see Figure D.2) shall be bypassed unless required to elim
V-frequency signals produced by the interference signal generator (see Annex E).

Any sense/
of the chan

safety, cardzfo

A DUT with

Common m
outputs F, G
to outputJ.

Differential
Sensing/pag
shall be con|

ace terminal of the DUT not being tested shall be connected te the equivalent terr
el under test through a resistor of value R = 10 k{ as specified.by the manufacture
version/ defibrillation terminals are loaded with high-voltdge 50 (2, 25 W resistors R

bipolar sensing/pacing shall be tested in two configurations.

pbde performance shall be tested with the pairs of sense/pace terminals connected t
H, and I of the tissue-equivalent interface (as sheWn in Figure 24) and the case conng

Figure 24 —«Common mode connection for multichannel bipolar devices

mode performance shall be tested using the test signal reduced to one-tenth ampli
ing channels shall be tested in turn. The sense/pace terminals of the channel under
hected between the coupled outputs H and I and output ] of the tissue equivalent inte

ignal
test
The

inate

ninal
for

)

b the
pcted

tude.
test
rface

(as shown ir

Fignrp 7';)

AR R
_______ Ry
H (@—e
[ ® DUT
] @——

Figure 25 — Differential mode connection for multichannel bipolar devices

18

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:2019(E)

Compliance shall be confirmed if, after application of the specified test signals, the DUT functions as it
did before the test without further adjustment of the DUT.

4.3.3.1.3 Malfunction because of electromagnetic interference on the cardioversion/
defibrillation terminals

Test procedure: Select the tissue-equivalent interface circuit specified by Figure D.3. The test signal
generator shall be connected through input C of the interface circuit as shown in Figure 26. The test
voltage shall be measured on the oscilloscope connected to test point D.

1
®
T
D
® F
3 oG
2 ® ]
°oC

1  ¢scilloscope
tlest signal generator
3 fissue equivalent interface

Figure 26 — Test setup to check for induced malfunction attributable to voltages induced on
cardioversion/defibrillation terminals

The ¢apacitor C, of the interfacecircuit (see Figure D.3) shall be bypassed unless required to eliminate
spurjous low-frequency signals-produced by the interference signal generator (see Annex H).

The jense/pace terminals-shall be loaded with resistors R| of 500 Q + 5 %. For a multichanpel sensing/
pacing device, the sense/pace terminals shall be connected through resistors R of 210 k{, as shown.
The manufacturer shall be free to choose the value of the resistors that are appropriate fqr the device
under test. [f the DUT has more than two cardioversion/defibrillation terminals, the terminals not being
tested shall beconnected to one of the terminals under test through a resistor R = 10 kQ as|specified by
the manufaeturer.

Commen'mode performance shall be tested with the cardioversion/defibrillation terminals connected
to the nnfpnfc Eand G ofthe Hccnn-nqniv:\]nnf interface (ac shownin Ficure ')7) andthe cade connected
I E4

to outputJ.

If the case of the DUT is an active terminal, no common mode test is required.
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F @
o a—
] ®

Figure 27 — Common mode connection for cardioversion/defibrillation terminals

Differential| mode performance shall be tested with the cardioversion/defibrillation termfinals
connected hetween the coupled outputs F and G and output ] of the tissue-equivalent interfade (as
shown in Figure 28).

F (@&—e
G (@—
] @——

Figurp 28 — Differential mode connection for cardioversion/defibrillation terminals

If the DUT has more than two cardioversion/defibrillation terminals, the tests shall be performed on
each pair offterminals in turn.

Compliance(shall be confirmed if, after application of the specified test signals, the DUT functiong as it
did before the test without furthér)adjustment of the DUT.

4.3.3.2 Malfunction due\toe electromagnetic interference in the frequency range of 10 MHz
to 385 MH1

4.3.3.2.1 Test equipment and signal

Test equipmeént: Use the test setup as shown in Figure 30, using the injection network specifi¢d by
Figure D.S;E—MMW%WW?SGWWMWWM at

least 385 MHz; and a test signal generator, output impedance 50 Q.

Test signal: The test signal shall be a modulated signal of the form as shown in Figure 29. 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 edge to leading edge (see Figure 29).
The burst-to-burst interval, 7, of the modulated signal shall be set to 700 ms + 50 ms.

The peak-to-peak amplitude of the test signal, V_ , cannot be measured directly at any connector of the
injection network during the test. Therefore, it is calculated from the voltage at connector D, V., by
applying the calibration factor, m, of Annex F.
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The
enve
modi

The

V. —v
M=—P "+ 100

100 ms

Figure 29 — Test signal for frequencies between 10 MHz and.385 MHz

ope starts and terminates continuously. The burst count is 13 eomplete modulation
hlation index, M, shall be 95 %, where:

Vpp +v

pmplitude of the test signal (V) is defined as thie peak-to-peak amplitude of the

modulation bursts shall start and terminate at zero crossings of tHe modulation signal, thus the

cycles. The

bpen circuit

voltage driving the implantable DUT at the outputs (EG) of the injection network. The ampllitude of the

test §
Annd

4.3.3

Test
signa
test
conn
netw
Voo
dg%a
distn

ignal, V,;,, shall be 14 V. Prior to testing the test set-up has to be calibrated using the j

p!
X F.

procedure: Prior to any testing) calibrate the setup using the procedure in Annes
1 generator shall be connected to the injection network through input C as shown in Fi{
bignal generator shall be adjusted so that the test signal amplitude measured on the
ected to monitoring p¢int D (V,,) when multiplied by the calibration factor for t
ork, determined according to the method of Annex F, is equal to the required test signg
f 14 V. The test signal shall be applied at a minimum of six distinct, well-spaced frec

ibuted dwelltime of at least 60 s per decade.

1 E K

rocedure in

.2.2 Malfunction because of electrical interference on the sense or pace terminals

L F. The test
bure 30. The
pscilloscope
he injection
l amplitude,
juencies per

e, beginning at Y0 MHz and ending at 385 MHz (i.e. 10, 20, 40, 60, 80, 100, 200, 385) with an evenly

Key

B oF

e

1  oscilloscope

2 testsignal generator

3 i
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njection network

Figure 30 — Test set-up to check for induced malfunction at high frequency
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The peak-to-peak amplitude of the test signal, V__, cannot be measured directly at any connector of the
injection network during the test. Therefore, it is calculated from the voltage at connector D, V., by
applying the calibration factor, m, of Annex F.

Connections between outputs F and G and the implantable DUT shall be made with copper straps,
width 25 mm, length <50 mm (not including the length of the standard connector pin inserted into
the device header). Unused RF ports (F and G) on the injection network shall be fitted with 50 Q
terminations.

a) A DUT with bipolar sensing/pacing shall be connected to outputs F and G of the injection network
(as shown in Figure 31), using appropriate RF techniques for all connections. Each channel of a
multichgprretdeviceshalt-betestedinturnand any chanmretnotundertestshalt-beturredoff and
loaded yith 500 Q load resistors (R;). For safety, cardioversion/defibrillation terminals age-loaded
with high-voltage 50 Q, 25 W resistors, R’ as required by the HV therapy configuration.

R'L
—
R | L/
/  atrial

.................................. ﬁ/ ventricylx
G @ AR\

DUT

NI

Figure 31 — Conneéction of the DUT

b) ForaDUT which uses signals from both sense and cardioversion/defibrillation leads for arrhythmia
detectign, the manufacturer shall provide details of the test method.

Compliance(shall be confirmed if, after application of the specified test signals, the DUT functiops as
prior to the fest without further adjustment.

4.3.3.2.3 Malfunction because of electromagnetic interference on the cardioversion/
defibrillatiKn terminals

Test procedlure: Testing is performed as specified in 4.3.3.2.2 with the cardioversion/defibrillption
terminals under test connected to the output F and G of the injection network (instead of the pa¢ing/
sensing terminals; as shown in Figure 31). Any sensing/pacing channel shall be loaded with 500 () load
resistors (R|)-and any cardioversion/defibrillation terminals not under test shall be loaded with high-
voltage 50 Q, 25 W resistors, R;.

Compliance shall be confirmed if, after application of the specified test signals, the DUT functions as
prior to the test without further adjustment.

4.3.3.3 Malfunction due to electromagnetic interference in the frequency range of 385 MHz to
3000 MHz

Test: the DUT shall be subjected to the test procedure of 4.9.3.2 “optional characterization” of this
document (without device monitoring and recording of DUT performance which is not required for
this test).

Compliance shall be confirmed if the DUT functions as it did before the test without further adjustment.
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4.4 Protection from malfunction caused by temporary exposure to CW sources

4.4.1 Pacemaker and CRT-P device response to temporary continuous wave sources in the
frequency range 16,6 Hz to 167 kHz

Pacemakers and CRT-P devices that provide pacing therapy shall be constructed so that temporary
exposure to ambient CW EM fields is unlikely to cause malfunction of the pacing therapy provided by
the DUT.

Test equipment: Use the tissue-equivalent interface circuit specified by Figure D.2 and two
oscilloscopes, input impedance nominal 1 M{), <30 pF, The oscilloscope connected to test point D in

Figu
gene
spec

Test
disti

e 32 shall have an accuracy of +10 % within a bandwidth of at least 20 MHz; an inhi
Fator, output impedance not greater than 1 kQ that provides a simulated heart signal
fied by Figure ].1; and a test signal generator, output impedance 50 (0.

signal: The test signal shall be a continuous sinusoidal signal applied ‘at ‘a miniy
hct, well-spaced frequencies per decade between 16,6 Hz to 167 kHz. For bipolar co

and finipolar mode tests, at each selected frequency, the test signal shall be slowly increaseg

bition signal
in the form

num of four
mmon mode
d from zero
is increased
of testing at

o one-tenth

determined

rface circuit
monitoring
e connected
polarity, the

to a maximum of 1 V peak-to-peak. The total time during which the test'signal amplitude
from| zero to its maximum shall not be less than four preset intervals,“At the conclusion
each|frequency, the test signal amplitude shall be returned to zero.
Bipolar differential mode performance shall be tested using the test signal reduced f{
amplitude (maximum of 0,1 V peak-to-peak).
The test frequencies of 16,6 Hz, 50 Hz, 60 Hz and 100 Hz shall be included in the set of prg
test frequencies.
Test|procedure: The test signal generator shallche connected through input C of the inte
as shown in Figure 32. The test signal shall be-measured on the oscilloscope connected tq
point D of the interface circuit. The operation‘of the pacemaker is recorded on the oscilloscop
to mpnitoring point K. If the DUT is programmable to both unipolar and bipolar sensing
devige shall be tested in both sensingpolarities.
1
) 4
® 1
i
= 3)
® O 1
D E ®F
ik )
3 ®© H
2 @ 1 ® 1
°C K @] B
Key
1  oscilloscope
2 testsignal generator
3  tissue equivalent interface
4  inhibition generator
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Figure 32 — Test setup to characterize DUT performance while subject to interference
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Devices might allow for a number of fixed pacing sensitivity settings. For this subclause, the
manufacturer may perform the test using one or multiple sensitivity settings, and in any order. However,
the testing shall be used to identify any permanently programmable sensitivity settings not meeting the
conformity criteria of this subclause. Those settings that result in non-conforming test results shall be
disclosed in accordance with 7.1.

For devices that use automatic gain control, the manufacturer should provide details of the test method.

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 DUT.

When it is ppssi isti i i i i he test
shall be performed with the DUT in the pacing mode. If testing is performed in pacing mode the test
point E of the interface shall be connected to the signal ground (as shown in Figure 13).

When it is npt possible to distinguish between the uninfluenced and interference mode of gperatiop the
test shall bg performed with the DUT in synchronized mode. If testing is performedrin“synchromnized
mode, the DUT shall be synchronized by a signal from the inhibition signal generaterconnected t¢ test
point E of the interface (as shown in Figure 32). The amplitude of the inhibitiomsignal shall be get at
twice the value that just synchronizes the DUT under test and the interval shall be 800 ms or $0 %
of the progfammed basic pulse interval as shipped, whichever is the shorter: While determining the
required anjplitude for the inhibition signal, the test signal shall not be applied.

If tests are gerformed in DDD mode, then only tests of ventricular paCing need to be performed.
Testing in bpth AAI and VVI mode in lieu of DDD mode is allowed:

The pacemdlker shall be categorized into one of four groups'as required in 4.3.2 and connected tp the
tissue-equiyalent interface according to Figure 14, Figure 15, Figure 16 and Figure 17, Figure 18 or
Figure 19, a$ applicable. Only the ventricular channel nééds to be tested when the DUT is progranpmed
to dual-chamber operation; any other terminal of the DUT shall be connected to the equivalent terthinal
through a resistor of value R = 10 k(), as shown or specified by the manufacturer.

Compliance|shall be confirmed when:
a) either the pacemaker continues to operdte as set while the test conditions are varied as requirgd; or
b) for paciphg devices incorporating a-defined interference mode:

if whilefincreasing the testgsignal amplitude the DUT transitions from its set mode to its interfefence
mode when the test signal.amplitude is increased by no more than 6 dB, or;

if whilelincreasing thetést signal amplitude the DUT transitions from its set mode to its interference
mode, the time betwéen either

— deliveryofia pacing pulse, or

— inhjbifion of pacing due to sensing of the simulated heart signal,

is no more than two preset intervals.

If the test signal amplitude required to enter interference mode exceeds the maximum required test
amplitude (1 Volt for bipolar common mode/unipolar mode; 0,1 Volt for bipolar differential mode), then
the transition to interference mode does not need to be verified; and

when the test signal amplitude is returned to zero, the device shall return to its set mode, and during
this transition, the time interval between either delivery of a pacing pulse, or inhibition of pacing due to
sensing of the simulated heart signal, is no more than two pre-set intervals.
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For all permanently programmable sensitivity settings for which conformity criteria (a) or (b) cannot be
achieved, the manufacturer shall provide a warning in accordance with 7.1.

NOTE

Interference mode is intended for short-term operation for periods of seconds and is not intended for

routine long-term operation. Such short-term operation is recognized as being clinically acceptable, with the risk
of adverse events increasing with time of exposure.

4.4.2

ICDs and CRT-D devices

The manufacturer shall characterize the performance of ICDs and CRT-D devices in the presence of

ambi

ent CW EM fields.

The
disti

NOTH
routi
of adj

Test
inpu
an a

DUT shall be tested without simulated heart signal applied, unless the heart signal
hguish between uninfluenced mode and interference mode of operation.

Interference mode is intended for short-term operation for periods of seconds and is not
he long-term operation. Such short-term operation is recognized as being clinically acceptable,
rerse events increasing with time of exposure.

equipment: Use the tissue-equivalent interface circuit specified by Eigure D.2; two o
impedance nominal 1 MQ, with the oscilloscope connected to testpoint D in Figure 3
rcuracy of 10 % within a bandwidth of at least 20 MHz; an dnhibition signal gener

s needed to

intended for
with the risk

scilloscopes,
2 shall have
ator, output

impgdance not greater than 1 k(), that provides a simulated-héart signal in the form $pecified by
Figure ].1; and a test signal generator, output impedance 50 £ The capacitor C, of the intefface circuit

(in F
by th

Test
disti
each

gure D.2) shall be bypassed unless required to eliminate spurious low-frequency signa
e interference signal generator (see Annex E).

signal: The test signal shall be a continuous<sinusoidal signal applied at a minin
hct, well-spaced frequencies per decade between 16,6 Hz to 167 kHz. For common m
selected frequency the test signal shall be;sléwly increased from zero to a maximum

Is produced

hum of four
pde tests, at
of 1 V peak-

to-pgak.

Diffejrential mode performance shall be-tésted using the test signal reduced to one-tenth amplitude
(maximum of 0,1 V peak-to-peak).

The test voltage need not be increased further once the DUT begins to detect the test signal.

The test frequencies of 16,6(Hz,'50 Hz, 60 Hz and 100 Hz shall be included in the set of pr¢determined
test frequencies.

Test|procedure: The test signal generator shall be connected through input C of the intefface circuit,

as shown in Figure'32. The test voltage shall be measured on the oscilloscope connected to

of th

The
prog

b interface circuit.

DUT shall*be set to its maximum permanently programmable sensitivity. Other parame
rammeéd to values that enable the person conducting the test to observe the point at w

test point D

ters shall be
hich the test

signd

lds,detected by the implantable DUT.

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

For a multichannel DUT, any sense/pace terminals not being tested are connected through resistors of
210 kQ to the corresponding terminals of the channel under test. The manufacturer is free to choose the
value of the resistors that is appropriate to the device under test. For safety reasons, the cardioversion/
defibrillation terminals are loaded with high-voltage 50 Q (25 W) resistors. The operation of the DUT
shall be monitored by the oscilloscope connected to test point K.

A DUT with bipolar sensing/pacing shall be tested in two configurations.

Common mode performance shall be tested with the sense/pace terminals connected to the outputs F,
G, H, and I (as shown in Figure 24) of the tissue-equivalent interface (as shown in Figure D.2) and the
case connected to output J.
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Differential mode performance shall be tested using the test signal reduced to one-tenth amplitude. The
sense/pace terminals of the channel under test shall be connected between the coupled outputs H and
[ and the output] (as shown in Figure 25) of the tissue-equivalent interface (as shown in Figure D.2).

For each predetermined test frequency, record the amplitude of the test signal (voltage) when the DUT
begins to detect the test signal.

Allow for testing in both AAl and VVI mode in lieu of DDD mode; see Annex I for testing modes.

Ifthe manufacturer’snominal (as shipped) sensitivity settingis less sensitive than maximum permanently
programmable sensitivity, the DUT shall be reprogrammed to the nominal sensitivity setting, and the

entire test

specified in

Compliance

4.5 Prote

4.5.1 General requirements

The DUT sh
therapeutic

NOTE
Sensitivity

sensitivity 4
tested. For

settings, angl in any order. However, the testing shall be used to identify any permanently programn

sensitivity sq

For devices
the automat
mode shall i

Pacemaker
compliance
sensing mod

The DUT sh
the device 1
to discrimiif
the generat
interval of {

Dfial-chamber devices can be tested in VVI and AAI modes or inieu of DDD mode.

equence shall be rppp;xhad A report r‘nnf;\ining the results of the characterization te
this subclause shall be prepared.

shall be confirmed by inspection of the manufacturer's test report.

ction from sensing EMI as cardiac signals

all be constructed so that commonly encountered EM fieldscare unlikely to chang
behaviour of the DUT.

settings during test (all device types): the DUT "might allow for a number of
ettings. Where both unipolar and bipolar sensitig are available, both modes shou
this subclause, the manufacturer may perform ‘the test using one or multiple sensit

ttings that do not, or would not, meet the-conformity criteria of this subclause.

that have automatic gain control insaddition to fixed programmed sensitivities, testi
ic gain control mode shall be optional. Where only automatic gain control is available
e tested and the manufacturer shall provide details of the test method.

5 and CRT-Ps: For frequencies above 1 kHz, the least sensitive settings acceptabl
are 2,0 mV sensitivity in the unipolar sensing mode and 0,3 mV sensitivity in the bi
e, or the sensitivity as\shipped, whichever is the more sensitive.

nll be tested withiarid without a simulated heart signal. It is essential to determine Y
esponds to EMIyTherefore, device parameters shall be programmed so that it is pos

r outputrshall be set to amplitude of twice the value that just inhibits the pacemaker]
he inhibition signal shall be 800 ms or 90 % of the programmed basic pulse intery

shipped, w
ICDs and CH

initial burst-to-b

cheveris shorter.

sting

b the

fixed
d be
ivity
hable

ng of
that

e for

bolar

when
sible

ate when the-device is influenced by EMI. When testing with the simulated heart signal,

The
al as

urstinterval of 350 ms * 25 ms. For frequencies above 1 kHz, the least sensitive se

h the
tting

acceptable for compliance is 0,3 mV sensitivity, or the sensitivity as shipped, whichever is the more

sensitive.

CAUTION — These tests can produce high-voltage shocks. Failure to use safe laboratory practices
can result in severe electrical shock, resulting in personal injury or death to the persons
handling the equipment or conducting the test.
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Protection from sensing EMI as cardiac signals in the frequency range of 16,6 Hz to 150 kHz

4.5.2.1 Pacemakers and CRT-P devices

Test equipment: Use the tissue-equivalent interface circuit specified by Figure D.2; two oscilloscopes,
input impedance nominal 1 MQ, <30 pF. The oscilloscope connected to output D of the interface circuit
shall have a bandwidth of at least 20 MHz; an inhibition signal generator, output impedance not greater
than 1 kQ, that provides a signal of the form specified by Figure ].1; and a test signal generator, output
impedance of 50 Q.

Test signal:

Test
and

The {
test

Test
betw

The

cignal 1: the test signal shall be a continuous sinusoidal wave, with a frequency, f, betw
| kHz with peak-to-peak amplitude as shown in Table 6.

est frequencies of 16,6 Hz, 50 Hz, 60 Hz and 100 Hz shall be included in the.set of prd
requencies.

signal 2: the test signal shall be a burst modulated signal as describéd below, carrier
een 1 kHz and 150 kHz with peak-to-peak amplitudes as shown in‘Table 6.

pmplitude of the test signal (V) is defined as the peak-to-peak amplitude of the

voltdge driving the pacemaker at the outputs of the tissue-equivalent interface. The amp

test 4

ignal, V,, for the unipolar test and the bipolar common fode test shall be a function g

frequiency f, as specified by Table 6.

Bipo
of th

Test
dura
The |
shall

Table 6 — Peak-to-peak amplitudes Vob in the range of 16,6 Hz to 150 kHz

f Vop

16,6 Hz < f< 1 kHz 2mV
1kHz < f< 3 kHz 2mV x (f/ 1 kHz)?
3 kHz < f< 150 kH% 6mV x (f/ 1 kHz)

ar differential mode performance shall be tested using test signal reduced to one-tent
b common mode test.

Fion. The burst-to-burst interval, T, shall be measured leading edge to leading edge (se
burst shall startahdterminate at a zero crossings of the carrier, and only complete c
be used (truegated signal). The burst-to-burst interval, T, shall be set to 700 ms + 50 1

T

e
|

reen 16,6 Hz

determined

frequency, f,

ppen-circuit
itude of the
f the carrier

h amplitude

signal 2 modulation: ‘the carrier shall be switched to create bursts of approximately 100 ms

e Figure 33).
wrrier cycles
ms.

pp

~ N

100 ms

Figure 33 — Test signal 2: Used in the range of 1 kHz to 150 kHz

Test procedure: The test signal generator shall be connected to the tissue-equivalent interface circuit
through input C, as shown in Figure 32. The test signal shall be measured on the oscilloscope connected

© ISO
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to monitoring point D. The operation of the DUT shall be recorded on the oscilloscope connected to

monitoring point K.
NOTE1 Two tests are performed: one with and one without simulated heart signal applied to input E.

The capacitor C, of the interface circuit (see Figure D.2) shall be bypassed unless required to eliminate
spurious low-frequency signals produced by the interference signal generator (see Annex E).

The test signals as defined above 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. (V,,

can be measured directly at connector D of the tissue-equivalent interface.)

Care should

When the D
be set withd

If the DUT i
cross-talk b

The DUT sh
equivalent i

For each tes
in its set mo

Compliance
mode, both
irrespective

For those se
occurs, com

4.5.2.2 I(

Test equipinent: use the tissue-equivalent interface circuit specified by Figure D.2; two oscillosc

input imped

be taken that the interference generator itself does not produce low-frequency compen

UT is synchronized by the inhibition signal generator, the inhibition signal generator
ut the modulated test signal being applied.

5 a multichannel device, it should be programmed to minimize the occuxrence of poq
ptween channels.

1] be categorized into one of four groups, as required in 4.3.2, and-Connected to the ti
hterface according to Figures 14 to 19, as applicable.

fed frequency, the operation of the DUT shall be observed aiid recorded as either functig
de or not.

for the sensitivity tested shall be confirmed if theé.PUT at all times functions in if]
with and without the simulated heart signal applied by the inhibition signal generato
of the application of the required test signal.

hsitivity settings of the DUT for frequenciesiip to 1 kHz, at which a change of pacing pa
pliance shall be confirmed if a warning and disclosure is provided according to 7.1.

Ds and CRT-D devices

ance nominal 1 MQ, <30 pFThe oscilloscope connected to test point D in Figure D.2

ents.

shall

sible

psue-

ning

S set
- and

[tern

bpes,
shall

have an accyracy of £10 % within abandwidth of at least 20 MHz; an inhibition signal generator, ofitput

impedance

Figure].1;a

The amplityde of the simulated heart signal shall be approximately twice the minimum value req

for detectio
the interfac

The capacit

hot greater than 1 k€),-that provides a simulated heart signal in the form specifig
hd test signal genefators, output impedance of 50 Q.

h by the DUK The simulated heart signal generator shall be connected through input
P circuit.

r C¢ ofthe interface circuit (see Figure D.2) shall be bypassed unless required to elim

d by

hired
E of

Inate

spurious loy

v{requency signals produced by the interference signal generator (see Annex E).

Test signal 1: the test signal shall be a continuous sinusoidal wave, with a frequency, f, between 16,6 Hz
and 1 kHz with peak-to-peak amplitude as shown in Table 7.

The test frequencies of 16,6 Hz, 50 Hz, 60 Hz and 100 Hz shall be included in the set of predetermined
test frequencies.

Test signal 2: the test signal shall be a burst modulated signal as described below, carrier frequency, f,
between 1 kHz and 150 kHz with peak-to-peak amplitudes as shown in Table 7.

The amplitude of the common mode test signal, V,,,, is defined as the peak-to-peak amplitude of the
open-circuit voltage driving the pacemaker at the outputs of the tissue-equivalent interface. The

amplitude of the test signal, V},

28

p’

shall be a function of the carrier frequency, f, as specified by Table 7.
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Table 7 — Peak-to-peak amplitudes V in the range of 16,6 Hz to 150 kHz

f Vop
16,6 Hz < f<1kHz 2mV
1kHz < f<3kHz 2mV x (f/ 1 kHz)?2
3 KkHz < f< 150 kHz 6mV x (f/1kHz)

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

Test signal 2 modulation: the carrier shall be switched to create bursts of approximately 100 ms
duration. The burst-to-burst interval, T, shall be measured leading edge to leading edge (see Figure 34).

The
shall

Test
cons
treat

needed therapy is withheld. The false-positive case is tested with a burst-to-burst interfere

T, sin
a sin
impl

The {
per (
deca

Test
less)

burst shall start and terminate at zero crossings of the carrier, and only complete¢d
be used (true gated signal).

—

100 ms

Figure 34 — Test signal 2: Used'in the range of 1 kHz to 150 kHz

procedure: Two possible disruptions of normal operation of the device by the inte
dered: a false positive, in which:case the EMI is mistaken for an arrhythmia that
ed, and a false negative, in which case the EMI prohibits the sensing of an arrhyth
hulating fibrillation and withtboth a simulated heart signal at a normal sinus rate, T,
ulated heart signal. Thefalse-negative case need not be tested, as sensing of interfere
citly tested.

est signals defined-above shall be applied at a minimum of four distinct, well-spaced
lecade between)16,6 Hz and 150 kHz with an evenly distributed dwell time of at le
le. (V,, can bémeasured directly at connector D of the tissue-equivalent interface.)

[: Simulated heart signal applied with T, = 800 ms (or 90 % of basic pulse interval, y
and burst-to-burst interval of interference signal set to T =350 * 25 ms.

irrier cycles

rference are
needs to be
mia and the
nce interval,
and without
nce signal is

frequencies
hst 60 s per

whichever is

NOT

1

The test setup of Test 1 seeks to determine if the modulated interference will influence t

he ICD during

inhibited mode of operation. The burst-to-burst interval, T, is selected to simulate fibrillation.

Test 2: No simulated heart signal applied and burst-to-burst interval of interference signal set to
T=350 % 25 ms.

NOTE 2  The test setup of Test 2 seeks to determine if the detection of the modulated interference will prevent
the ICD from providing bradycardia therapy. The burst-to-burst interval, 7, is selected to simulate fibrillation.

Any sense/pace terminals not being tested are connected through resistors of 210 kQ to the
corresponding terminals of the channel under test. The manufacturer is free to choose the value of
the resistors that is appropriate to the device under test. For safety reasons, the cardioversion/
defibrillation terminals are loaded with high-voltage 50 Q (25 W) resistors.
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The operation of the DUT shall be monitored by the oscilloscope connected to test point K. The
applicable tests described in list items a) and b) below shall be performed at a minimum of four carrier

frequencies

per decade.

Since the DUT might require that it detect several consecutive input signals before therapy is initiated,
sufficient time should be allowed at each frequency tested for the DUT to react to the input interference.

a)

DUTs with bipolar sensing shall be tested in two configurations, as follows.

Common mode performance shall be tested with the sense/pace terminals connected to the outputs
F, G, H, and I (as shown in Figure 24) of the tissue-equivalent interface (as shown in Figure D.2) and

the caseconnected to mlfpnf]

Differer
The sen
H and I

Figure |

If the [
possibld

b) For DU

detectid

For eac
influeng

Compliance

while Tg
any pac

while Tg
any deyf
deliver

For those s{
is observed
according td

4.5.3 Pro

45.3.1 P4

Test equipr

tial mode performance shall be tested using the test signal reduced to one-tenth ampli
5e/pace terminals of the channel under test shall be connected between the coupled ou
and the output | (as shown in Figure 25) of the tissue-equivalent interfacé'\(as shov
D.2).

UT is a multichannel device, it should be programmed to minimize the occurren
cross-talk between channels.

s that use signals from both sense and cardioversion/defibriltation leads for arrhyt
n, the manufacturer shall provide details of the test method:

h tested frequency, the results of Test 1 and Test 2.shall be observed and recordg
ed or not.

for the sensitivity being tested shall be confirmedif:

st 1is performed, the DUT is not influenced bythe interference signal (i.e. it does not ex
ng pulses and does not deliver a tachyarrhythmia therapy); and

st 2 is performed, the DUT is not influenced by the interference signal (i.e. it does not ex
iation in pace-to-pace interval thatexceeds 10 % of the programmed rate and doe
h tachyarrhythmia therapy).

bnsitivity settings of the DUT for frequencies up to 1 kHz at which influenced behay
compliance shall be eonfirmed if an appropriate warning and disclosure is proy
7.1.

fection from senising EMI as cardiac signals in the frequency range of 150 kHz to 10

icemakers‘and CRT-P devices

nent:.ise the test equipment specified in 4.5.2.1 of this document.

tude.
[puts
vn in

ce of

hmia

bd as

hibit

hibit
5 not

yiour
rided

MHz

Test signal

t the test signal shall be a modulated signal, carrier frequency f, between 150 kH3%

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, 7, shall be measured leading edge to leading

edge (see Figure 35).

30
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Figure 35 — Test signal for frequencies 150 kHz to 10 MHz

The modulation bursts shall start and terminate at zero crossings of the modulation sigrnal (thus the
envelope starts and terminates at a value of approximately 50 % of the unmodulated carrief). The burst
counits 13 complete modulation cycles. The modulation index, M, shall be 95'%, where:

V. _—v
M=-P " +100
Vpp +v

The burst-to-burst interval, T, of the test signal shall be set to{Z00 ms + 50 ms.

The gmplitude of the test signal (V) is defined as the peak-fo-peak amplitude of the open circuit voltage
driving the pacemaker at the outputs of the tissue-equivalent interface. The amplitude of the test signal,
V,p for unipolar test and bipolar common mode test shall be a function of the carrier frequency, f, as
specified by Table 8.

Table 8 — Peak-to-peak test signal amplitudes V,, in the range of 150 kHz to 1Q MHz

f Vop
150 kHz < f< 167.kHz 6 mV x (f/1kHz)
167 kHz <fs1 MHz 1V
1 MHz<f< 10 MHz 1V x(f/1MHz)

Bipolar differential mode'pérformance shall be tested using test signal reduced to one-tenth amplitude
of the common mode tést:

Test| procedure: the modulated signal shall be applied at a minimum of four distinct, [well-spaced
frequencies perdecade between 150 kHz and 10 MHz, with an evenly distributed dwell time of at least
60 s per decade. (V,, can be measured directly at connector D of the tissue-equivalent inferface.) The
test ¢onfiguration and procedure shall be otherwise as required in 4.5.2.1.

Compliance for the sensitivity being tested shall be confirmed if the DUT at all times functipns in its set
mode, irrespective of the application of the required modulated test signal.

4.5.3.2 ICDs and CRT-D devices

Test equipment: use test equipment specified in 4.5.2.2.

The capacitor C, of the interface circuit (see Figure D.2) shall be bypassed unless required to eliminate
spurious low-frequency signals produced by the interference signal generator (see Annex E).

Test signal: the test voltage for common mode shall be a modulated signal, carrier frequency, f, between
150 kHz and 10 MHz, as in Table 9.
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Table 9 — Peak-to-peak test signal amplitudes V, in the range of 150 kHz to 10 MHz

f Vop
150 kHz < f< 167 kHz 6mV x (f/ 1kHz)
167 kHz < f< 1 MHz 1V
1 MHz < f< 10 MHz 1V x(f/1MHz)

Differential mode performance shall be tested using a test signal reduced to one-tenth amplitude of the
common mode test.

The carrier shall be amplitude modulated with a 130 Hz sinusoidal wave to create modulation bursts
of 100 ms dpiration. The burst-to-burst interval, T, shall be measured leading edge to leading edgq (see

Figure 36).
|
l
|

S

Figure 36 — Test signal for frequencies 150 kHz to 10 MHz

The modulation bursts shall start and terminate at zero crossings of the modulation signal (thug, the
envelope stgrts and terminates at a value of approximately 50 % of the unmodulated carrier). The burst
count is 13 ¢omplete modulation cycles. The modulation index, M, shall be 95 %, where:

V. _|-v
M=-PPL %100
Vpp %

The test signal generator shall be . connected through input C of the interface circuit as shown in
Figure 21. The test voltage shallbe measured on the oscilloscope connected to test point D of the
interface circuit.

Test procedure: two pessible disruptions of normal operation of the device by the interferencg are
considered:|a false positive, in which case the EMI is mistaken for an arrhythmia that needs to be
treated, and a falsexnégative, in which case the EMI prohibits the sensing of an arrhythmia ang the
needed therjapy,is’withheld. Only one of these possible disruptions is tested. The false-positive cgse is
tested with |acburst-to-burst interference interval, T, simulating fibrillation and with both a simujated
heart signa} atanormat-sinus rate; T;hs, and-withottasimutatedheart aisual. Thefatse ucsativc case

need not be tested, as sensing of interference signal is implicitly tested.

This setup tests for the detection of the modulated interference as an arrhythmia in the presence of
a normal sinus rhythm (i.e. a false positive). The burst-to-burst interval, T, is selected to simulate a
fibrillation, which can be detected by the device.

Test 1: Simulated heart signal applied with T, = 800 ms (or 90 % of basic pulse interval, whichever
is less) and burst-to-burst interval of interference signal set to T = 350 + 25 ms. The amplitude of the
simulated heart signal shall be approximately twice the minimum value required for detection by the
DUT. The simulated heart signal generator shall be connected through input E of the interface circuit.

NOTE1 The test setup of Test 1 seeks to determine if the modulated interference will influence the DUT
during inhibited mode of operation. The burst-to-burst interval, 7, is selected to simulate fibrillation.
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Test 2: No simulated heart signal applied and burst-to-burst interval of interference signal set to
T=350 %25 ms.

NOTE 2  The test setup of Test 2 seeks to determine if the detection of the modulated interference will prevent
the DUT from providing bradycardia therapy. The burst-to-burst interval, T, is selected to simulate fibrillation.

Any sense/pace terminals not being tested are connected through resistors of 210 k( to the
corresponding terminals of the channel under test. The manufacturer is free to choose the value of
the resistors that is appropriate to the device under test. For safety reasons, the cardioversion/
defibrillation terminals are loaded with high-voltage 50 Q (25 W) resistors.

bither swept
stinct, well-
rade.

fore therapy
to the input

e outputs F,
ighire D.2) and

h amplitude.
he sense terminals of the channel under test,shall be connected between the coupled outputs
and I and the output ] (as shown in Figure.25) of the tissue-equivalent interface (ps shown in

he implantable DUT shall be programmied to prevent cross-talk between channels.

b) KoraDUT which uses signals fromboth sense and cardioversion/defibrillation leads forjarrhythmia
detection, the manufacturer shall provide details of the test method.

for each carrier frequency,the results of Test 1 and Test 2 shall be observed and [recorded as
ininfluenced or not.

Compliance for the sensitivity being tested shall be confirmed if:

— hile Test 1 is performed, the DUT is not influenced by the interference signal (i.e. it doejs not exhibit
dny pacing pudlses and does not deliver a tachyarrhythmia therapy); and

— vhile Test 2 is performed, the DUT is not influenced by the interference signal (i.e. it doejs not exhibit
any deyiation in pace-to-pace interval that exceeds 10 % of the programmed rate and does not
deliver a tachyarrhythmia therapy).

4.5.4 Protection from sensing EMI as cardiac signals in the frequency range of 10 MHz to
385 MHz

4.5.4.1 Pacemakers and CRT-P devices

Test equipment: use the injection network specified by Figure D.5; an oscilloscope (#1), input
impedance 50 (, accuracy of +10 % within a bandwidth of at least 385 MHz; an oscilloscope (#2), input
impedance nominal 1 M{); an inhibition signal generator, output impedance not greater than 1 k),
which provides a simulated heart signal of the form specified by J1; and a test signal generator, output
impedance 50 (.

Test signal: the test signal shall be a modulated signal of the form specified by 4.5.3.1 (see Figure 36).
The modulated test signal shall be applied at a minimum of six distinct, well-spaced frequencies per
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decade, beginning at 10 MHz and ending at 385 MHz (e.g. 10, 20, 40, 60, 80, 100, 200, 385), with an
evenly distributed dwell time of atleast 60 s per decade. The amplitude of the test signal (V,,)) is defined
as the peak-to-peak amplitude of the open circuit voltage driving the outputs (F, G) of the injection

network. The amplitude of the test signal, V,,, shall be 10 V.

The peak-to-peak amplitude of the test signal, V__, cannot be measured directly at any connector of the
injection network during the test. Therefore, it is calculated from the voltage at connector D, V., by
applying the calibration factor, m, of Annex F.

Test procedure: Prior to any testing, calibrate the setup using the procedure in Annex F. The test signal
generator shall be connected to the 1n]ect10n network through 1nput C as shown in 1gure 37 . The
test signal genera jtrste mplitude—meas oseiHeseope #1
connected tg monitoring p01nt D ( OSC) When multlphed by the cahbratlon factor for the 1n]ect10n network,
determined pccording to the method of Annex F, is equal to the required test signal amplitude, 4 )

Two tests afre performed, one with and one without the simulated heart signal applied\through the
inhibition signal generator to input E (E’). The interval of the inhibition signal T  shall'be set to 800 ms
or 90 % of the programmed basic pulse interval as shipped, whichever is shorteri\The burst-to-burst
interval, T, df the modulated signal shall be set to 700 ms + 50 ms.

If an rms voltmeter is used during calibration procedure and testing at monitoring point D, then th¢ test
value shall be 53 % of the calibration value, to provide a nominal modulated test amplitude of 1p Vop
(open circuif) at outputs F and G.

5
L 4
3
_— ®F
o : @ ®C ®G
L
@D E' K
©-@—

Key
1  oscilloscppe #1
2 oscilloscppedt2
3 testsignpl generator
4  injection network
5 inhibition generator

Figure 37 — Test setup to check for malfunction at high frequency

Connections between outputs F and G and the pacemaker 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 RF ports (F and G) on the injection network shall be fitted with 50 () terminations ; in addition
E’ and K’ shall be terminated with impedances equivalent to ports E and K, respectively, to keep the
network balanced.
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Unipolar pacing devices shall be connected to output F of the injection network (as shown in Figure 38),
using appropriate RF techniques for all connections. Each channel of a multichannel device shall be tested
in turn, and any channel not under test shall be turned off and loaded with 500 £ load resistors (R, ).

‘ R,
F (@ [\
© \f

DUT

Figure 38 — Connection to a unipolar device

Bipolar devices shall be connected to outputs F and G of the injection network (as shown in Figure 39),
using appropriate RF techniques for all connections. Each channel of a multichannel device sHall be tested
in tufn, and any channel not under test shall be turned off and loaded with'500 € load resistdrs (R, ).

lRL
,,,,, e
FO— O |
e
rrrrrrrrrrrrr | ,_.

Figure 39 = Connection to a bipolar device

Compliance for the sensitivity being tested shall be confirmed if the DUT at all times functipns in its set
modg¢ irrespective of the appli¢ation of the required modulated signal.

4.5.4.2 ICDs and CRT-D devices
The PUT shall be tested in accordance with the sequence described in 4.5.4.1, testing each channel in turn.

DUT [sensing/pacing channels not being tested should be turned off and loaded with 500 ). For safety,
card]oversionydefibrillation terminals are loaded with high-voltage 50 Q, 25 W resistors.|Compliance
for the sersitivity being tested shall be confirmed if the DUT at all times functions in its set mode
irrespective of the application of the required modulated signal.

4.6 Protection from static magnetic fields of flux density up to 1 mT

4.6.1 General requirements

The DUT shall not be affected by static magnetic fields of flux density of up to 1 mT.

4.6.2 Pacemakers and CRT-P devices
Test equipment: use an inhibition generator that provides a signal in the form specified by Figure ].1;

an oscilloscope; 51 kQQ + 1 % and 500 Q * 1 % resistors; and a field coil that is capable of generating a
uniform magnetic field of flux density of up to 1 mT * 0,1 mT in the region to be occupied by the DUT.
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Test procedure: A 500 Q + 1 % load resistor (R;) is connected between terminals S and T (see
Figure 40), with the monitoring oscilloscope connected to terminal S. The signal from the inhibition

generator sh

all be injected at terminal S through a 51 kQ + 1 % feed resistor (R).

Key
1  oscillosc
2 testsign

For unipolaj
to the DUT d

For bipolar
Channels nd

The DUT sh{
the inhibitig

While rema
its field, ang
magnetic fig
1 mT £ 0,11
atleast 1 mif

Care should
The field sh

Compliance

o

bpe
hl generator

Figure 40 — Test setup for magnetostatic measurements
devices, output S shall be connected to the termin@l of the channel under test and out

ase.

devices, outputs S and T shall be connectéd to the terminals of the channel under
t under test shall be loaded with 500 Q £1 % resistors.

n signal shall be twice the ampljtude that just synchronizes the DUT.

ning connected to the test.equipment, the DUT shall be placed within the coil, centr
| aligned so that the most $ensitive axis of the DUT is parallel to the axis of the coil
ld shall be slowly increased from zero to uniform field strength of flux density of
T in the region whete)the pacemaker is placed. The magnetic field shall be maintaing
n.

be taken to aveid wire-loops.
11 be measiired in the absence of the DUT.

shall'be confirmed if the DUT remains inhibited while the magnetic field is applied.

but T

test.

1l be set in synchronized mode by.the'signal from the inhibition generator. The amplitude of

ed in
The
1p to
d for

4.6.3

ICDs and CRT-D devices

The DUT shall be tested according to the sequence described in 4.6.2.

NOTE
needed when

testing an ICD or CRT-D device.

Synchronization through an inhibition generator and monitoring with an oscilloscope might not be

Compliance shall be confirmed if no transition in behaviour is observed in the presence of the
magnetic field.

36

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:2019(E)

4.7 Protection from static magnetic fields of flux density up to 50 mT

4.7.1 General requirements

The DUT shall not remain functionally affected after exposure to static magnetic fields of flux density
of up to 50 mT.

4.7.2 Pacemakers and CRT-P devices

Test equipment: use a field coil that is capable of generating a uniform magnetic field of flux density of
up ta 50 mT + 5 mT in the region to be occupied by the DUT.

Test|procedure: the required field flux density shall be generated before placing the DUT| in the field.
Then the DUT shall be slowly placed in the centre of the test coil. After at least 15 s‘of-exppsure to the
magnetic field, the DUT shall be slowly removed from the field.

Reorjient the DUT so that a second orthogonal axis is aligned with the axis of the test co}]l, and again
subject the DUT to the required fields. Then repeat again with the third.orthogonal axis 4ligned with
the aixis of the test coil.

Compliance shall be confirmed if, after the magnetic field is removed;the DUT functions as it did before
the test without adjustment.

4.7.3 ICDs and CRT-D devices
The DUT shall be tested per the sequence described in 427.2.

Compliance shall be confirmed if, after the magnetic¢field is removed, the DUT functions as fit did before
the test without adjustment.

4.8 | Protection from AC magnetic field exposure in the range of 1 kHz to 140 kHz

4.8.1 General requirements

The DUT shall be constructedsserthat ambient time-variable magnetic fields are unlikely o cause any
malflinction of the DUT that(pertsists after removal of the magnetic field.

4.8.2 Pacemakers and/CRT-P devices

Test|equipment:use a radiating coil (for example a Helmholtz coil), diameter 212 cm and exceeding
the largest linear-dimension of the DUT by 50 %, and a calibration coil, diameter <4 cm. The radiating
coil ghall be e€nergized by a signal generator.

Test ffield: the test magnetic field, H, shall be modulated at a frequency, f; as specified by Table 10.

Table 10 — Sinusoidally modulated magnetic field strengths

f H rms
1kHz <f<100 kHz 150 A/m
100 kHz < f< 140 kHz 150 A/m x (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 41). Remove the
calibration coil.
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did before t}
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Figure 41 — Loop configuration for varying magnetic field test

tre of the DUT at the field intensity calibration point. Load the cardiac lead terminals
ferface as specified by the manufacturer, using care to minimiZeloop areas of connect

rate of 1 decade per minute or by applying the test sighal at four distinct, well-sp
per decade with an evenly distributed dwell time of atleast 60 s per decade.

re should be taken to increase or decrease the field intensity slowly when applying or removir

e DUT so that a second orthogonal axis is-aligned with the axis of the radiating loop|
't the pacemaker to the required fields. Then repeat again with the third orthogonal
l the axis of the radiating loop.

shall be confirmed if, after appli¢ation of the specified test signal, the DUT functions
e test without further adjustment.

5 and CRT-D devices
11 be tested per the.sequence described in 4.8.2.

pn/defibrillation‘términals should be turned off and loaded as specified by the manufact
b minimize lpep-areas of connections.

shall be<onfirmed if, after application of the specified test signal, the DUT functions
ne test'without further adjustment.

4.9 Testl

'ﬂquirﬁmﬂnts for the trﬂquﬂn!:!f range of 385 MHz < t< 3 000 MHz

4.9.1 General requirements

Tolerances for time and frequencies shall be +1 %, unless otherwise specified.

NOTE
conditions is

provided in Annexes A and B.

Lead configurations are as follows:

fthe
ions.

e required fields by either sweeping the test signal over the€ required frequency ranige at

aced

g the

and
axis

as it

urer,

as it

The rationale for selecting specific test frequencies, modulation, power levels, and other test

— pacemakers and CRT-P devices shall be tested with both unipolar lead and bipolar lead systems
when appropriate;
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— ICDs and CRT-D devices shall be tested with an appropriate lead system as recommended by the
manufacturer.

4.9.2 Testsetup

4.9.2.1 Test environment

CAUTION — Personnel performing the measurements defined in this document should not be
exposed to RF EM fields that exceed the “Maximum Permissible Exposure” provisions of the IEEE
C95.1 standard for controlled environments. Because of the nature of exposures that are likely
to be_g o o o i o to o ihe arei i exposures
are possib for Partial
Body

le. In these cases, the provisionsof the “Relaxation of Power Density Linitits
' Exposures” of the IEEE C95.1 standard can be used.

As g
roon
by th
encld

od test practice, it is recommended that the test tank be placed in an electrgmagnetic
| in order to limit spurious emissions to the outside environment, for example servi
le Federal Communications Commission (FCC). Relocation of the testrse€tup within
sure can affect the repeatability of this test.

h1ly shielded
ces licensed
the shielded

4.9.2.2 Torso simulator in Annex G

The {

thes

orso simulator shall be constructed as specified in AnnexG.*"The distance between th
hline and the top surface of the DUT and the dipole antenna heights shall be as specified

Table 11 — Requirements;for the test setup

e surface of
| in Table 11.

Parameter Specification

Tolerance

Salin

e resistivity? 375 Qcm +15 Qg

m

Surf;

ice of the saline to top surface of the DUT 0,5 cm

Dipo|

le element axis centerline to saline surface 2,0 cm

Dipo

le element axis centerline to devicessurface 2,5cm

aThe
concq

saline resistivity shall be measured at a low frequency (i.e. < 1 kHz) and is equivalent to 0,266 7 S/m NaCl
ntration, at 21 °C.

4.9.2

The

a sin
X-axi
defin
bott

appr

.3 Device under test and lead positioning in torso simulator

DUT is positioned on the bottom grid at the centre of the torso simulator. The conned
ble-chamber DU or the right ventricular bore of a multiconnector DUT shall be alig
s (see Figure/G.1). The lead connector pin (tip) contact in the DUT connector bore
es the DUT reference point. The DUT and its lead (or leads) rest on the upper s
m grid-aid are anchored with non-conducting string. The lead is configured in a spir
bximately 5 cm (2 in) from the edge of the device or previous lead placements. The lea

tor bore for
1ed with the

the X-axis
face of the
hl extending
d electrodes

shalllb&-oriented to facilitate DUT monitoring and signal injection.

With the bottom grid and DUT in place, the top grid is placed above it, with the centre cutout area
aligned over the centre of the DUT. The DUT-to-antenna spacing can be adjusted by turning the threaded
plastic legs that support the bottom grid. The saline depth over the device under test and the dipole
antenna heights shall be adjusted according to Table 11.

4.9.2.4

a)
b)

Interference signal generation
Dipole antennas: a detailed description of the dipole antennas is specified in Annex H.

Test frequencies and modulation: the carrier signal shall be a sinusoidal waveform at each of
the following frequencies: 385 MHz, 450 MHz, 600 MHz, 800 MHz, 825 MHz, 850 MHz, 875 MHz,
900 MHz, 930 MHz, 1 610 MHz, 1 850 MHz, 1 910 MHz, 2 450 MHz, and 3 000 MHz.
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The signal shall be pulse modulated with the following characteristics: the carrier shall be gated on for
25 ms at 500 ms intervals. Gating rise and fall time should be < 0,5 ps.

4.9.2.5 Parameter programming

The DUT shall be programmed according to the parameters listed in Annex [ and at nominal values for
those parameters not specified in the tables. The form of antitachycardia pacing (ATP), if applicable,
shall be preprogrammed to avoid confusion with inappropriate bradycardia pacing as defined in 4.9.4.
During testing with the simulated heart signal on, dual-chamber devices may be tested in both AAIl and
VVI pacing modes in lieu of DDD(R) mode.

NOTE In|
Society of P3|
The full code

49.2.6 M

The DUT oy
monitoring

4.9.2.7 Si

cing and Electrophysiology (NASPE) and the British Pacing and Electrophysiology Group, (B
is explained in Annex C.

pnitoring of device activity

itput signal will be detected by electrically monitoring a pair of plates (-X, +X),
bquipment having a minimum input resistance of 1 MQ (see FigureG.2).

mulated cardiac signal injection

A signal gemerator will be used to apply a simulated heart wavefepn’ (described in Annex ]) t

second pair
4.9.3 Tes{

49.3.1 Prx
NOTE

Setup the t¢
of torso sim

Program th{
a) X-axist
Place th
X-axis, V

in4.9.2.

Set the
forward
Annex K

of plates, orthogonal to the plates used in 4.9.2.6.
L procedure

otection from proximity fields at 15 cm séparation distance

The requirements of this subclause may be met by meeting the requirements of 4.9.3.2.

h1lator setup as specified in TableJ1.
e DUT and record parameters'in accordance with Annex I.
bsting, simulated heart Signal off.

e 385 MHz dipole‘antenna on the grid with the axis of the antenna elements parallel t
vith the dipolereference point (see Annex H) centred over the DUT reference point, as de
3, at the elevation specified in Table 12. The electrocardiogram (ECG) signal shall be off.

rarrier frequency to 385 MHz. Set the dipole net RF power to 120 mW rms (CW). Recor
andsgeflected power readings for documentation purposes. The net power calculati
[ shall'be used.

this document, pacing modes are described using a generic code developed by the North Amdrican

EG).

with

b the

st equipment in accordance with Figure G.2. Verify electrical and dimensional requirenpents

D the
fined

d the
bn in

Set the

RF signal generator for pulse modulation specified in 4.9.2.4 b).

Monitor and record the DUT performance during exposure to the modulated RF signal. Exposure
duration:

— devices intended to treat bradyarrhythmia (pacemakers and CRT-P devices) — minimum of 5 s;

— devices intended to treat tachyarrhythmia (including ICDs and CRT-D devices) — minimum
of 15 s.

Exposure duration might be longer in either case if required for DUT detection algorithms to fulfill
their tasks.
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b) X-axis testing, simulated heart signal on, bradycardia rate.

Place the 385 MHz dipole antenna on the grid with the axis of the antenna elements parallel to
the X-axis, with the dipole reference point (see Annex H) centred over the DUT reference point as
defined in 4.9.2.3, at the elevation specified in Table 11. The simulated heart signal shall be ON at
the simulated bradycardia rate, specified in Annex J.

Set the carrier frequency to 385 MHz. Set the dipole net RF power to 120 mW rms (CW). The net
power calculation is presented in Annex K.

Set the RF signal generator for pulse modulation in accordance with 4.9.2.4 b) and apply the

simulated heart Qignn]

Monitor and record the DUT performance during simultaneous exposure to the\mg¢dulated RF
gignal and the simulated heart signal. Exposure duration:

+ devices intended to treat bradyarrhythmia (pacemakers and CRT-P devices) — mirtnum of 5s;
+ devicesintended to treat tachyarrhythmia (including ICDs and CRT-D devices)—minimum of 15 s.

Exposure duration might be longer in either case if required for DUT)detection algoritims to fulfill
their tasks.

c) X-axis testing, simulated heart signal on, tachycardia rate“(only for devices intendled to treat
lachyarrhythmia).

Place the 385 MHz dipole antenna on the grid with‘the axis of the antenna elementf parallel to
the X-axis, with the dipole reference point (see Aniiéx H) centred over the DUT reference point as
defined in 4.9.2.3, at the elevation specified in. Table 11. The simulated heart signal shall be on at
tthe simulated tachycardia rate, in accordanceswith Annex J.

$et the carrier frequency to 385 MHz. Set the dipole net RF power to 120 mW rms (QW). The net
power calculation is presented in AnnexK.

$et the RF signal generator for pilse modulation as specified in 4.9.2.4 b).

Monitor and record the DUT.performance during exposure to the modulated RF signal. Exposure
duration: 15 s or longer if tequired by DUT detection algorithms.

d) Y-axis testing.

epeat 4.9.3.1 a) %0)¢), except with the antenna elements parallel to the Y-axis.
e) Testing at remaining frequencies.
epeat4:973.1 a) to d) for all frequencies listed in 4.9.2.4 b) using the appropriate dipol¢ antenna.

f) Posttest DUT verification.

With the RF signal removed, verify that the programmed parameters of the DUT are the same as
the pretest values.

4.9.3.2 Optional characterization testing

A manufacturer may perform the testing described in this subclause to demonstrate immunity to hand-
held transmitters that are operated without restrictions near the implanted DUT. See also Annex B.

If the manufacturer chooses to perform this test and the DUT meets the conformity criteria given in
4.9.4, testing in accordance with 4.9.3.1 is not required.

If the manufacturer chooses not to perform the optional characterization testing or the DUT fails to
meet any of the applicable performance criteria of 4.9.4, then the manufacturer shall provide a warning
in accordance with 7.4.
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For optional DUT characterization, net dipole power is set to 8 W rms for the frequency range
385 MHz < f< 1 000 MHz and to 2 W rms (CW) for the frequency range 1 000 MHz < f< 3 000 MHz.
The test setup and programming of the DUT are as specified in 4.9.3.1. Repeat 4.9.3.1 a) to f) for these
power levels.

4.9.4 Performance criteria

4.9.4.1 Single-chamber pacing modes

a) Simulated heart signal off.

During
pace-to

At the
prograr

b) Simulat

During
during 4

At the
prograr

4942 M
a) Simulat

During
pace-to

At the

prograr

b) Simulat

During

during 4

At the

prograr

4.9.4.3 Amntitachyarrhythmia modes

a) Simulat

pace interval that exceeds 10 % of the programmed rate.

rompletion of the testing, or immediately prior to any reprogramming duting test
hmed parameters shall be unaltered from pre-exposure values.

ed heart signal on.

ipplication of ECG and RF signals.

fompletion of the testing, or immediately prior to any fe€programming during test
hmed parameters shall be unaltered from pre-exposure values.

ulti-chamber pacing modes

pd heart signal off.

pace interval that exceeds 10 % of the:programmed rate.

completion of the testing, or immediately prior to any reprogramming during test
hmed parameters shall be unaltered from pre-exposure values.

ed heart signal on.

Lest exposure with the simulated heart signal on, the DUT shall not exhibit any pace p
ipplication of ECG and-RF signals.

rompletion of the/testing, or immediately prior to any reprogramming during test
hmed parameéters shall be unaltered from pre-exposure values.

pd-heart signal off.

Fest exposure with the simulated heart signal off, the DUT shall not exhibit any deviatipn in

, the

Lest exposure with the simulated heart signal on, the DUT shall noPexhibit any pace pulse

, the

Fest exposure with the simulated heart signal off, the DUT shall not exhibit any deviatipn in

, the

llses

, the

During test exposure with the simulated heart signal off, the DUT shall not exhibit either of the
following characteristics:

— delivery of defibrillation or cardioversion pulse to the high-voltage electrodes; or

— delivery of antitachycardia pacing to the pacing leads.

If either response occurs, then the RF signal shall be disabled for 30 s, simultaneously with the
application of inhibition/synchronizing signals, if necessary to reset therapy in the ICD.

At the completion of the testing, or immediately prior to any reprogramming during test, the
programmed parameters shall be unaltered from pre-exposure values.
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Simulated heart signal on (tachycardia rate).

During exposure to RF and simulated heart signal on, the DUT shall deliver an appropriate therapy
to the high-voltage electrodes or exhibit evidence that such a pulse could be delivered.

At the completion of the testing, or immediately prior to any reprogramming during test, the
programmed parameters shall be unaltered from pre-exposure values.

4.10 Transient exposure to stationary low-frequency electromagnetic field sources in
the frequency range 16,6 Hz to 167 kHz

The
sour
acco
intern]
risk

Manuiacturer shall evaluate transient exposure to stationary low-requency electrom
res through the risk management process. Risks shall be identified and evaluated),
int the electromagnetic environment in which the active implantable cardievascul

controls and potential effects on therapeutic function. The manufacturer shal

the mecessity for test studies based upon their risk management process.[At the discr]

mant
risk 1

NOTH

L

5

This
cons
incre

hfacturer, Annex O can be used to guide test studies. Compliance is.checked by inspg
nanagement file.

Annex O is considered to be an example test method, and is not required for compliance wi

[esting above frequency of 3 000 MHz

document does not require testing of devices above 3 GHz. The upper frequency li
deration of the following factors: (1) the typeswfradiators of frequencies above 3
ased device protection afforded by the attenuation of the enclosure and body tissue a

frequencies, (3) the expected performance of EMIcontrol features that typically have to be i

tom
at m]

EM f
expo
expo
due

pet the lower-frequency requirements of this document, and (4) the reduced sensitivit
crowave frequencies.

elds at frequencies above 3 GHz are'mostly directed beams that do not cause high-inte
sure. Common applications include radar and microwave communication links that do
sure to the main field bearh. Patient exposures to such microwave field sources 4
fo lower-intensity antenmaypattern sidelobes and scattered fields. Anticipated futu

applications that might involve greater public exposure are not expected to be problemati

low i

ntensity and high microwave frequency.

The dlevice circuitry is‘highly shielded against the effects of microwave fields by the metall

The j
How
micr
that
impl

principal EMJ-imode is by field energy coupled to electrical leads connecting the device
bver, the amount of field energy coupled to the leads decreases with increasing freqy
bwave range because of greater field attenuation in overlying body tissues. Coupled
FeacheS the device terminal is further attenuated by EMI control features that typicall
emented in the device to meet the RF requirements of this document.

hgnetic field
taking into
ar device is

ded to be used. Each risk shall be evaluated through an analysis that takes into account applicable

determine
etion of the
ction of the

th this clause.

mit reflects
GHz, (2) the
[ microwave
nplemented
y of circuits

nsity public
not produce
re typically
re vehicular
c because of

c enclosure.
to the heart.
hency in the
field energy
y have to be

6 Protection of devices from EM fields encountered in a therapeutic
environment

6.1 Protection of the device from damage caused by high-frequency surgical exposure

6.1.1 General requirements

The DUT shall be designed so that stray high-frequency currents from electrosurgical equipment that
flow through the patient shall not permanently affect the device and so that the settings are recoverable
through reprogramming, provided the DUT does not lie directly in the path between the cutting and
return (high-frequency earth) electrodes.
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If the case of the DUT is covered with an insulating material, the DUT (or part of it) should be immersed
in a 9 g/l saline bath held in a metal container; the metal container should be connected directly to the
test circuit as applicable in each test set up.

6.1.2 Pacemakers and CRT-P devices

Test setup: Use an RF test signal generator, output impedance 50 (. Each DUT input and output
terminal, as applicable, shall be connected through individual 170 Q * 2 %, 1 W resistors (R;) to ground
(see Figure 42). The case of the DUT shall be connected directly to the signal generator output, unless
the case is covered with an insulating material.

Key

1 atrial
2 ventricular

3 testsignal generator

Figure 42 — Test setup for protection of the device from
high-frequency currents.caused by high-frequency surgical equipment

Test signal} The test signal frequency shall be 500 kHz, and the open-loop test signal amplitude|shall
be as shown in Table 12.

Table 12 — Test signal characteristics

Test signal voltage Waveform Test period

36 Vpn Continuous sinusoidal 30s

Test procedute: Apply the test signal above.

Compliance shall be confirmed if, after completing the test procedure, the device is not permanently
affected and the settings are recoverable through reprogramming.

6.1.3 ICDs and CRT-D devices

Test as specified in 6.1.2. In addition, the cardioversion/defibrillation terminals should be loaded with
R, =50 Q. If possible, the DUT shall be programmed with high-voltage therapy off.
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Protection of the device from damage caused by external defibrillators

6.2.1 General requirements

The DUT shall be designed so that external defibrillation of the patient will not permanently affect the
device, provided that the external defibrillator electrodes (e.g. paddles) are placed according to the

DUT

manufacturer's recommendations.

If the case of the DUT is covered with an insulating material, the DUT (or part of it) should be immersed
in a9 g/l saline bath held in a metal container; the metal container should be connected directly to the
test circuit as applicable in each test set up.

Manlllfacturers may also use actual defibrillation equipment or programmable waveforn;

prov
the s

6.2.2
Test
Test
in Fi

time
inter]

Figu

jded that the applied V., waveform applied to terminals A and B of the network.n Fj
ame characteristics as shown in Test 1 and Test 2.

Pacemakers and CRT-P devices
1

equipment: Use a defibrillation test voltage generator providing a damped sinus W
pure 43, with the following characteristics: T, = 1,5 to 2,5 fus, T,,5o - 3 to 5,5 ms, wh
interval from the start of the defibrillation pulise to the maximum voltage V.. and T, g
val during which the test voltage is above 50 % of the maximum value (Vo).

Veest (V)
450
400
350

Tp\
\

T TN

Vtest
300
250l LN

/ Tw50

200

150 /
:
:

100

50
\\

1 2 3 45 6 7 89 10 11 12 13 14 ¢ (mg)

Figure 43 — Damped sinus waveform

generators
gure 47 has

aveform, as
ere T, is the
olis tﬁe time

*+ 0,13 mH;

[e~44 illustrates an example schematic with C = 330 pF + 16,5
=10 04+ 020 wharaD tcthnrncictanon ~felhn 1 Ao (0 L

tresistance

R +

[ a <)
< TO N2 =" U,0 3z, VW HCT O 15 tHC T U ST ta it OT CC IO O T vOT (11T UTITIT Sy

(in ohms) of the defibrillation test voltage generator.
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Key
1 voltage g

Figur

A
R, L,R,

1 1 (
%
Vo]

p— g
B
P

v

enerator

e 44 — Circuit for generating a damped sinus defibrillation waveform for Test 1

Test procedlure: Connect the output V., to terminals A and B of the resistor network in Figufe 47
(using the pprameters in Table 12, Test 1).
The pulse amplitude of the output voltage (V... at the output of the defibrillation test voltage generator,
across R, shall be 380 V + 5 % - 0 %.
The DUT shall be categorized into one or more of four groups as-appropriate and connected as indicpted:
— single-dhannel unipolar devices shall be Group a) — connect the tip terminal to output D;
— multichpnnel unipolar devices shall be Group b) —\¢onnect the V;;, terminal to output D and the 4;;,
termingl to output F;
— single-dhannel bipolar devices shall be Group ¢) — connect the Vy;, terminal to output D, anfl the
Viing terminal to output E; and
— multichpnnel bipolar devices shallsbe Group d) — connect the Vy;, terminal to output D, the A,
termingl to output F, the V;;,, terminal to output E and the 4, terminal to output G.
Connect the|case terminal of the DUT to output I of the resistor network (see Figure 47).
Test by applying a sequence gfithree voltage pulses of positive polarity at intervals of 20 s to 25 s. Then,
after an intgrval of 60 s fminimum), repeat the test with pulses of negative polarity (see Figure 45).
Vtest
20s\, 20 s
\
L 20s) 205 60 s (
N /N
-Vtest———

Figure 45 — Timing sequence used in Tests 1 and 2

Compliance shall be confirmed if, after completing the test procedure, the DUT is not permanently
affected and the settings are recoverable through reprogramming.

Test 2

46
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Test equipment: Use a test setup as shown in Figure 46 with C = (150 * 50) uF and two sets of
coupled switches, S1 and S2, and the resistive network in Figure 47 using the parameters specified in
Table 13, Test 2.

Test signals: A monophasic, truncated exponential waveform with duration of Td = (10 * 0,5) ms
will be generated between outputs A and B, activating coupled switches S1 for a time period Td; the
waveform will have an exponential decay with a nominal time constant of 9,75 ms [based on the above
capacitance of (150 *+ 50) pF and the load of 65 Q].

A biphasic, truncated exponential waveform is accomplished by changing the position of coupled
switches S2 durlng the ongomg pulse after a t1me of Td/2 + 0,5 ms [e.g. after (5 + 0,5) ms, change from
uppet yuoluuu to—towet PUDILIULLJ The—trtttat yuoluuu of Luu}ucd switehes—SZ2—determimgs the initial

polarity of the output pulse.

The biphasic waveform is shown in Figure 48 with the following parameters: 1 us,< £-< 5 |s; t. < 2 ms;
1puskt<5ups.

Test|procedure: The pulse amplitude of the output voltage of the defibrillation generator shall be
(270]+5) % - 0 % V between outputs A and B of the resistor network. Conmect the DUT, accarding to the
pacemaker category, to the outputs C to G of the resistor network simildrto the way descrifjed in Test 1.

Test by applying a sequence of three monophasic voltage pulses of positive polarity at intefvals of 20 s
to 23 s. Then, after an interval of 60 s (minimum), repeat the test. with pulses of negative polarity (for
timing sequence, see Figure 47). Repeat the test using the biphasic test pulse in Figure 48.

A
-0
o A
(O
SZ
1 Test
B
Y 0
ﬁ/:_
Key
1  yoltage generatof
NOTH Resistor-Rp is optional and is used to protect the voltage generator during capacitor chafging.

Figure46 — Test setup for Test 2 (using a truncated exponential defibrillation waveform)
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A@® T R1
R10
L
-
R11
L
-
R12
L] w N DUI
. —
R13
R14
5 @) L R9
Figure 47 — Resistor network for Tests/1'and 2
Table 13 — Resistor network parameters
Test | R1I2 | R2ZQ|R3Q|R4Q|R5Q | R6Q | R7Q | R8Q | R9Q |[R10Q2(R11 Q|R12QR13 Q[R[14 Q
1 50 800 | 400 | 800 | 400 | 800 | 400 50 50 5 5 5 20 30
2 50 600 | 300 | 600 | 300 | 600 | 300 50 50 5 5 5 20 30
NOTE All resfistors will be £5 %); resistors R1 and R8 to R14"will be 25 W.
I/teStr o k{
t
t
4> <7r
] b
. —p -
—p—— -
T
— d -

Figure 48 — Biphasic defibrillation waveform for Test 2

Compliance shall be confirmed if, after completing the test procedure, the DUT is not permanently
affected and the settings are recoverable through reprogramming.

6.2.3 ICDs and CRT-D devices

Repeat the test sequence in 6.2.2 with the following changes: in Figure 47, connect the cardioversion/
defibrillation terminals to the outputs C and H.

48
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7 Additional accompanying documentation

7.1

Disclosure of permanently programmable sensitivity settings

If the DUT has permanently programmable sensitivity settings for which the continuous wave
interference requirements of 4.4.1 or 4.5.2 are not met, then the accompanying documentation shall
disclose these settings with a warning indicating that their use might result in a higher risk to the
patient due to electromagnetic interference.

Compliance shall be confirmed by inspection.

7.2

The
asm

Comj

7.3
The 4

behaiour, if observed, as a result of the characterization test conducted under 4.4.2.

Comj

7.4

The
sepa
resu

Com

Descriptions of reversion modes

hccompanying documentation for the DUT shall include descriptions of the reversion
hgnet mode and operation during electromagnetic interference, if applicable,

bliance shall be confirmed by inspection.

Known potential hazardous behaviour

iccompanying documentation for the DUT shall include information on known potentig

bliance shall be confirmed by inspection.

Minimum separation distance from hand<held transmitters

accompanying documentation for the DUZF;shall include a warning to maintain
Fation distance of 15 cm (6 in) between the hand-held transmitter and the implanted
t of not demonstrating conformance to:the optional characterization test of 4.9.3.2.

bliance shall be confirmed by inspection.

modes, such

] hazardous

A minimum
device as a
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Annex A
(informative)

Rationale

A.1 Rationale for test requirements for the frequency band 0 Hz < f < 385 MHz

(see 4.1 t¢ 4.8)

Exposure of

induce (
induce ¥

induce
signal (

In addition,
by magneti(
damaged by
immunity t
the patient i

The subclay|

protect
directly

protect
leads (4

protect
induced

protect
in the ix

protect
static m

protect

the DUT to an electromagnetic field can
urrents from the lead into the heart, causing fibrillation or local heating;
roltages in the lead that damage the DUT; and

yoltages in the lead that prevent the DUT from correctly monitoring the intrinsic |
ECG).

DUTs incorporate magnetic control components (e.g. reedswitches) that can be actiy
fields. The magnetic control component or other circtiit components of the DUT c3
stronger magnetic fields. Hence, some assurance is required that DUTs offer reasot
electromagnetic interference and from currents passing through the human body ¥

s in contact with domestic appliances.

ses address:

on from tissue damage or fibrillation eaused by currents induced on the implanted
or injected spuriously from the devige (4.2),

on from persisting malfunction(of'the device caused by voltages induced in the impla
13),

on from unacceptable transitions or operating modes of the device caused by vol
in the implanted leads (4/4),

on from transient:.cianges in therapeutic behaviour of the device caused by voltages ind
nplanted leads (45],

on from traiisient changes in therapeutic behaviour of the device caused by weak (1
agnetic fields affecting any magnetically sensitive components in the DUT (4.6),

on{rem persisting malfunction of the device caused by stronger (10 mT) static mag

heart

rated
n be
nable
when
lead
nted
ages
uced

mT)

netic

fields af

feeting any magnetically sensitive components in the DUT (4.7), and

tothe D

UT (4.8).

protection from persisting malfunction of the device caused by time-varying magnetic fields applied

The EMI tests extend over a frequency range from 0 Hz (to include possible static magnetic
environmental fields) to 3 GHz (to include radiation fields from mobile telephones). The frequency of
16,6 Hz is specifically called out to include possible environmental fields from some European railways.

This document does not address the following exposure scenarios:

— Exposure to therapeutic and diagnostic treatments (with the exception of external defibrillation and
electrosurgery) Hence, the device manufacturer might need to be consulted in case of uncertainty
relating to specific treatments.
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EM fields that occur in some occupational environments. Within the European Union, occupational
exposure to EM fields is governed by the EMF Directivel22] 2013/35/EU. Under this directive,
CENELEC TC106x/WG15 developed a standard(3% for the assessment of risk to workers bearing an
AIMD in general, as well as one for those implanted with pacemaker / CRT-P devices[31l. A similar
standard covering patients implanted with ICDs or CRT-D devices is under development[32]. These
standards specifically address exposure scenarios in occupational environments where EM field
levels might exceed those expected within the general public environment.

At frequencies below 385 MHz, voltages applied to or currents induced in any embedded telemetry
antenna external to the EM shield of the DUT, unless such an antenna is an integral part of a lead.
This includes the susceptibility of a medical implant’s telemetry link to a physician’s programmer,

noise angd_1
ow power radio frequency signals, or inductive coil telemetry methods, and there is

¢ther standards thatinclude a requirement to demonstrate the implant can;adequately |
function, in the presence of external electrical noise, at levels typically encountered

¢linics, and patient’s homes. Possible sources of interference include; but are nof
¢lectrical motors, cell phones, wireless networks, hand-held portableradios used by pol
medical personnel, etc. Electromagnetic compatibility (EMC) for médical implants ar
in ETSI standards EN 301 489 -1/-27/-29/-31/-35[41l-[43], The§e standards test radi
and inductive coil, telemetry link susceptibility to external-interference in the freque
80 MHz to 6 000 MHz, at a level of 3 V/m. Since manufdgturers typically test to thej
Norms in order to demonstrate compliance to the applicable radio regulations, repeatir
in ISO 14117 is unnecessary.

Accordingly, other physiological sensors (e.g. minute ventilation) are not covered by the
4.2 to 4.5.4, and such additional sensors may béturned off during testing. During prepa
¢dition of the standard, consideration was given to the inclusion of specific tests for op
physiologic sensors turned on. Due to the\wide variety of sensors in use, and without s
lests for these sensors, a decision was made to not include any testing requirements.
lesting, if necessary, is left to each.mfanufacturer as part of the risk assessment process
the general standard.

’xposure to the fields generated by Electronic Article Surveillance (EAS) systems

frequencies below 100 kHz./These systems are typically mounted on pedestals, or wit
alls. Such systems are'generally known to interfere with the devices covered by thi
As a result, a consensus-based test for continuous exposure to these emitters is not inc

¢mitter technology or device immunity evolves. Until this happens, patients with devicg
jcope of this‘document are still advised to observe the “don’t lean, don’t linger” reconj

Note that medical implants typically communicate with external medical equipment

nterference.
using very
he risk that

the implant telemetry link can fail in the presence of external electrical noise} THere afre, however,

berform this
n hospitals,
limited to,
ice, fire, and
e addressed
b frequency,
hcy range of
e European
1g such tests

ests givenin
ation of this
bration with
tandardized
Rather, such
required by

bperating at
hin floors or
s document.
uded in this

¢dition of the standard. Such tests might be considered for subsequent editions of this flocument as

s within the
mendations

Hz[39][40][46]

ing group is

currently evaluatmg these technologies, and tests or exclusions for them will be considered in
subsequent editions of this document.

Human Body Communications systems, such as those based upon IEEE Std 802.15.6[33]. The working
group has considered such systems currently under development but has not found sufficient
information to enable determination of whether they represent an EMC threat. In July 2011, a
related presentation titled “Active Implantable Medical Device Industry Concerns about Human
Body Communication (HBC)"[34] was delivered to Task Group 6, IEEE 802.15.

EM fields in current generation vehicle related to keyless entry systems, passenger occupancy, or
electric drivetrain components used in hybrid or all electric systems.
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Consideration for nominal test levels

When considering the most appropriate sensitivity settings for the DUT, the working group took into
account both unipolar and bipolar configurations and concurred that sensitivities of 0,3 mV (bipolar) and
2,0 mV (unipolar) were appropriate for EMI test frequencies above 1 kHz. In arriving at these values, the
group acknowledged that although state-of-the-art DUTs provided settings that were substantially more
sensitive (e.g. 0,1 mV), 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

because of t
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Consideratigns for warnings

In this docu
sensitivity §
clarified. Th
statements 4§
during spec

Consequent
to alert thg

ment, the requirements for warnings concerning the use of permanently, programn
ettings that are found not to meet the basic requirements of 4.4.1 ort4.5.2 have

e warning(s), consisting of disclosure of non-conforming sensitivity settings, and cautid
imilar to that given here, are required for pacing devices that are foundynot to perform g
fied transient CW interference below 167 kHz, or sustained CW interference below 1 K]

y, an associated warning in the accompanying documentation Wwas considered approp
clinician that careful consideration should be given te<patient exposure to EN

programming sensitivity greater than 0,3 mV (bipolar) and 2,0 mV (dnipolar).

An appropri

“Careful corf

ate warning statement could read as follows:

sideration should be given to patient exposure:to‘external electromagnetic interfere

programming a setting more sensitive than 0,3 mV in a bipolar sense configuration setting, and

sensitive th
(bipolar) an
inappropria
channel, my
bipolar sen{
These more
sensitivity

It was ackn
signals of l¢]
often unusy
patients, ho}
to represent
those model

Test Freque

hn 2,0 mV in a unipolar sense configuratipfi’setting. More sensitive settings than 0,
d 2,0 mV (unipolar) are considered to-.represent an increased risk from sensing e

te physiologic signals (e.g. far field R waves on the atrial channel, T waves on the ventri

opotentials in the unipolar sensing configuration or diaphragmatic myopotentials i
ing configuration) or non-physiglegic electromagnetic interference from external soy
sensitive settings should therefore be programmed only for those patients requiring
arameters rather than routine programming without further evaluation.”

bwledged, however, that.a few patients might require atrial sensitivity to be set to d
ss than 0,3 mV if atrial lead positioning was suboptimal or if sensed P-wave signals

vever, settingsmere sensitive than 0,3 mV (bipolar) and 2,0 mV (unipolar) were consid
an increased-risk from inappropriate far-field and myopotential sensing and from E
s that donathave immunity at the more sensitive settings.

Ccy spacing

The require

ment to test at four distinct, well-spaced frequencies per decade can normally be m

hable
been
nary
afely
Hz.

riate,
11, if

hce if
more
B mV
ither
cular
n the
rces.
such

etect
were

ally low in amplitude (as in “single pass” VDD systems). For the majority of pacemaker

ered
MI in

et by

followingan f, 2 f, 4 f, 8 f, 16 f ... sequence.

Injected testing

EM fields can affect the DUT directly through its case or indirectly through induced currents and
voltages in the implanted leads. In 4.2 to 4.5, 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
385 MHz and by a near-field test of the DUT connected to its leads at frequencies above 385 MHz. The
injected voltage tests use tissue-equivalent interfaces (between 16,6 Hz and 10 MHz) or an injection
network (between 10 MHz and 385 MHz) to duplicate body tissues. Those interfaces were developed
in the 1980s as part of the work done for the development of the CENELEC (European Committee for
Electrotechnical Standardization) standards EN 50061 Amendment 1 and EN 45502-2-1 (Bossert and
Dahme, 1987[2]). Additional work was done in the 1990s (Landstorfer, et al., 1999[5]).
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In 4.6 to 4.8, there can be direct effects through the case of the device; hence, the tests involve the field
itself with no lead connected to the DUT.

Permitted human exposure to EM fields is limited by a number of national and international guidelines
and by recommendations from bodies such as the International Commission on Non-lonizing Radiation
Protection (ICNIRP), the European Commission, CENELEC, ANS]I, the IEEE, and the IEC. Requirements
in Clause 4 take account of known sources of EM fields in the public environment. The requirements of
4.5 are based partly on reference levels for EM fields in the European Commission Recommendation
519, issued in 1999 (1999/519/EC), under certain assumptions of field-to-voltage transfer functions.

Reference levels represent the most lenient test of acceptability of general public exposure to fields

acco
with
Accofdingly, the requirements of 4.3 and 4.7 are intended to prevent incompatibility
magnetic fields than the reference levels of EC 519/99.

In adcordance with AIMD Directive 385/90/EC, Clause 4 covers only fields of the order o
likely to be encountered in the normal environment.

In an EM field, any implanted lead acts as an antenna. The voltages(picked up by and t
indu
lead
are Hased on conservative assumptions about such coupling factors.

The
the device and its leads, as well as the transfer function*expected between applied field s
indu
for unipolar leads) form a closed conductive loop.around which voltages are induced: t
little

CA40./00
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the basic restrictions of EC 519/99, especially for localized sources of EM fields at low

ced in this antenna depend on the implantation site and on thé layout and character
as well as the frequency, polarization and direction of the EM field. The requirement;

frequency of the EM field influences the mechanismfor induction of voltages and
red voltage. At low frequencies (below a few MHz){@ny lead and its return path (throy

screening effect on the fields, and the induced voltage is proportional to the frequ

can comply
frequencies.
with higher

f magnitude

he currents
istics of the
in Clause 4

currents in
trength and
gh the body
he body has
bncy. As the

incrgasingly as dipole antennas. These effect§are complex, and appropriate transfer functigns are given
in DIN VDE 0848-3-1:2003-10[14], At low frequencies, the effective induction loop area is ¢onsiderably
high¢r for unipolar leads than for bipolarienes, leading to higher induced voltages. Existing data indicate
that for implants using present techniques, cross-sectional areas are smaller than 200 cm? (typical) for
pacemakers and 232 cm? (typical). for ICDs, and the largest will not normally exceed 319 cm?2 (worst
case]; see Annex L for details.

freq%lency increases beyond a few MHz, body tissue starts to shield EM fields and the devjce leads act
I

The leads of multichannelunipolar pacemakers can act as multiple antennae. Thus, each channel should
be telsted as if it were a §ingle-channel device. This is considered sufficient since:

There is suffici€éntmargin in the test levels to accommodate the small amount of cross-talk expected
in modern dévices.

Different.ports are sensitive to interfering signals at different time points in the cardiac cycle,
precliding the need for simultaneous injection.

the 1nterference signal is masked most ofthe tlme durlng the exposure 1fthe 51gna1 would have been
sent into all ports simultaneously.

Bipolar leads induce differential voltages between tip and ring electrodes. The tests of DUTs with
bipolar sensing include a second procedure to cover this effect. Because of the close proximity (<20 mm)
of tip and ring electrodes, the applicable test signal is reduced to 10 % of the common mode test signal
amplitude.

Selection of C, During the development of this second edition of ISO 14117, investigations were
undertaken to determine quantifiable criteria for the selection of capacitor C, as described in Annex E
and used in many of the tests. Manufacturers examined the range of C, values required to sufficiently
attenuate signal generation artefacts, as well as the specific artefact levels provided by their test
signal generation equipment. It was found that the artefact levels are heavily affected by the age of the
technology used and the state of the calibration of the equipment. The specific approach to producing
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burst modulation was found to include gating by using one or more discrete generators, or by using
direct waveform synthesis. The study also looked at the impact of C, on the intended quality of the
generated signal, especially with regards to possible corruption of the square pulse modulation
envelope. Results indicated that over the entire range of practical C, values (a few nF to several uF)
there was no degradation of the modulation. For this reason, Annex E now only provides guidance on
the choice of C,, as it was the consensus of the working group that no specific procedure is necessary. In
short, manufacturers can use any value of C, that achieves the desired test voltage amplitudes for the
carrier frequencies being tested.

4.1: Because the tests of 4.2 to 4.8 might permanently change some electrical characteristics of the DUT,

afinal testa

gainst the manufacturer's electrical specifications is required.

4.2: This ad
fibrillation ¢

The fields e
with a shor
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currents tha
circuitry of

Data collect
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ranging froj
increases.
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500 kHz, co
50 pA. The 1

r local tissue burns.

xperienced in the normal environment are not high enough to cause these\effects
t circuit at the connector side of the lead. But touching some househqld\appliance
hts sufficient to cause fibrillation. In addition, direct therapeutic treatment also can in
t produce local tissue burns. If the therapeutic signals are modulatéd,ydemodulation i
Lhe DUT can cause fibrillation.

bd by Starmer and Watson indicate that the probability of inducihg fibrillation with a j
hs current of 50 pA applied directly to the heart through\electrodes with surface §
m 1,25 mm? to 2 mm? is 1 %. Above 1 kHz, the threshold current for fibrillation ra

ectively checks that the input impedance of the DUT is high enough to prevent dangg
5t signal 1 stops at 20 kHz because above this frequency the loop impedance of the elect
csue naturally limits the current to acceptableilevels. See Figure A.1 below. Test signal
mmonly used for surgical diathermy, checks that any demodulation current is smaller
equirement of this subclause is compatible with IEC 60601-1.

dresses the risk of demodulation products or currents picked up on the leads calllsing

even
can
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n the
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Fibrillation
Figure A.1 — Maximum-aHowed current when injected to the heart

The test cannot provide adequate,safety in all situations, and the required voltage of 2 V | represents
a compromise in the absence ofiother data. During the treatment, the diathermy electrpdes should
always be placed in such a way-that as little current as possible traverses the DUT and leadl. Even with
such(precautions, neitherrisk of damage to the DUT nor risk of fibrillation can be completely prevented.

The test procedures necéssary to verify compliance with the requirements depend on the type of DUT
undgr test. Channels)are tested in turn. The tissue-equivalent interface provides two outlets for each
chanpel.

If th¢ channelMander test is unipolar, both outlets of the tissue-equivalent interface are donnected in
parallel tolead the unipolar channel of the DUT with the full test signal being grounded at the case of
the dewice.

If the channel under test is bipolar, one outlet of the tissue-equivalent interface is connected to the tip
and one to the ring connector. So the bipolar channel of the DUT is loaded with the full test signal in a
common mode circuit grounded at the case of the device, while the tip and ring are isolated. In addition,
the test is repeated in a differential mode, with the test signal provided between the tip and ring. In this
case, the test signal is decreased by 90 %, since the antenna effect is smaller owing to the decreased
distance between the tip and ring electrodes.

The test for using a cardioversion/defibrillation lead as the sense/pace indifferent electrode was
eliminated because currently there is no device with such a feature and it does not seem likely one will
be designed. It was considered that the remainder of the tests adequately cover the requirement.

4.3 specifies requirements to demonstrate that the device is neither damaged nor needs reprogramming
after a reasonable interference overload occurs at its terminals.
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The categorization is similar to 4.2, but all channels are tested in parallel as in 4.4 and 4.5.

The test for using a cardioversion/defibrillation lead as the sense/pace indifferent was eliminated
because currently there is no device with such a feature and it does not seem likely one will be designed.
It was considered that the rest of the tests adequately cover the requirement.

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 localized sources of
varying magnetic fields, such as metal detectors or antitheft devices. Because exposure to such fields
is expected to be of short duration, 4.3 checks for malfunctions that persist beyond the removal of the

exposure only.

The effects
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of high-level localized alternating magnetic fields can occur through voltages indue
by fields penetrating directly through the case of the implanted DUT. The direct effi
8.

ies below a few Kkilohertz, the test in 4.3 covers voltages that canhbeé galvan
y) coupled into the DUT by a patient touching some household device.

ed in
bct is

cally

he therapeutic behaviour as declared by the manufacturer in thepresence of ambient CW

ization is similar to that in 4.2, but all channels are tested¢in parallel, as in 4.3 anc
cy band ends at 167 kHz, since above this frequency the'test in 4.5 covers the neces
[.

using a cardioversion/defibrillation lead as the-sense/pace indifferent was elimiry
rently there is no device with such a feature aiid*it does not seem likely that one w
was considered that the rest of the tests adequately cover the requirement.

 earlier, the relevant fields are represented in this test as injected voltages. Becaus
and overlaps the frequency band of physiological signals, as the voltage level is s

t some point a DUT might start to sense the interference. As the signal amplitude is fu

ne or more changes in the therapeutic behaviour can occur, owing to small change
sensed signal or stochastic phennomena in the sensing criteria.

1se checks device responSe at all voltages up to the maximum level specified. Therg
regions of influence or unacceptable uncertainty will be identified. A change in therap
D an interference mode, ‘as characterized by the manufacturer, is regarded as a clin
rhange, provided\the transition is completed within the permitted limits set by
criteria of this subclause.

ment, the requirement that the device transition to its interference mode within a speq
has been‘eliminated. The rationale for this is twofold: the rate of change of the test sig
l so as toallow freedom of choice on the part of manufacturers in structuring their teg
y, the‘mode switch, when it occurs, is controlled by firmware in state-of-the-art dey

| 4.5.
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ursSwithin milliseconds, far shorter than the cardiac cycle.

4.5 checks for changes in therapeutic behaviour caused by interference from modulated signals. The
categorization required is similar to that in 4.2, but all channels are tested in parallel, as in 4.3 and 4.4.

Concerning frequencies up to 1 kHz, the majority of environmental fields encountered in this range
are continuous wave in nature, not intentionally modulated. Therefore the test signals are continuous
sinusoidal wave. These test signals reside in the sensed frequency band of the devices under test.

The modulation carried by the test interference signal has significant harmonic content overlapping
that of ECG signals. DUTs might be sensitive to some of these frequency components for good and useful
reasons. DUTs usually have an interference mode to ensure that they provide pacing at a fixed rate rather
than being inhibited by a large interference signal. The test in 4.5.2 therefore allows such a response if
interference mode is described in the physician’s manual.
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For test signals with a carrier frequency between 1 kHz and 150 kHz: two alternative patterns of
modulation are specified, both being pulsed because most interference sources are pulse modulated.
The modulation is a true gated signal, or switched on and off smoothly. The bursts are provided with an
envelope rise and fall time of 10 ms to decrease the inherent base band components.

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 a DUT.
The modulation frequency of the test signal is set to 130 Hz to avoid the harmonics of both 50 Hz and
60 Hz mains supplies. The strongest effect occurs with full modulation. During the test, so that spurious

effects from over-modulation are avoided, the test modulation is set to 95 %.
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requency range from 3 kHz to 1 MHz, the voltage levels are derived from fields of
c reference levels of EC/519/99. These give an indication of fields that might be‘exp
periods of time by the general public. For frequencies above 100 kHz, the European
mmendation accepts increased peak values with respect to rms values. This.is taken
b by assuming up to five simultaneous amplitude modulated signals thag together m3
ence level (i.e. up to a ratio of peak value over rms value not exceeding-5,6). Betwee
Hz, the test signal represents the type of exposure expected from radio-transm
[Hz, the test signal is limited to values considered as reasonable praetical protection li

Fequirement in the frequency range of 10 MHz to 385 MHz;,4.5.4, replaces the tissu
faces used at lower frequencies by a 50 () injection network.

e 385 MHz injected voltage tests are less appropriate; and a radiated near field tes
red. The objective of the near field test above 385 MHZ is to approximate the exposur¢
mitters in proximity to the DUT. These methods were developed prior to the py
[ PC69:2000 to best approximate the exposure”of portable transmitters, most nota
hones. Studies are ongoing (in 2016) at the US FDA to determine if the near fielc
MHz approximates the exposure of modern-cellular telephones. Preliminary findings h
Lhe field strength delivered to the DUT:«from the near field test are greater (i.e. conser]
eld strengths measured from modern-cellular telephones.

DUT together with all its leads is-placed in a saline solution, which represents body ti
ning properties, and exposéd to the near field of an electric dipole. Two levels of e

hindatory. The optioral, higher radiation level provides a reasonable assurance of u
ion of the DUT at diStances of 2 cm, which represents a mobile phone situated directly
ce of the humanbody and is not required for compliance. The test signal is modulated
I not be confused with heart beats.

est also provides a reasonable assurance of compatibility in the far field (i.e. outside a
s) on_the site of high-power transmitters such as mobile phone base stations. As
auses; 4.5.4 requires checking for any change of therapeutic behaviour, including ty
-rdbe interference mode.
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4.6 ensures protection from exposure to weak magnetic fields. If the DUT contains a magnetic switch,
this switch should not be activated by weak, static magnetic fields with which the patient might be
exposed to. An example is the magnetic strip used to seal refrigerator doors. Traditionally, this field
limit has been set at 1 mT (10 gauss).

4.7 defines protection from exposure to stronger (50 mT) static magnetic fields. These magnetic fields
have the potential to permanently disrupt the operation of an implantable DUT. If the DUT 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
should 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
DUT should function as it did before the exposure without adjustment. Therefore, a change in DUT
operation that could be resolved by programming would be considered a failure of this test.
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4.8 checks for persistent malfunction being caused by direct application of time-varying magnetic fields
to the DUT.

4.2 to 4.5 assume that the major influence of applied time-varying EM 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 in 4.8 ensures that time-varying magnetic fields to which the public might be exposed
do not cause malfunction owing 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,
worldwide limits are generally set at a constant field level throughout the frequency band. For localized
fields very close to magnetic field-generating equipment, this limit corresponds to about 100 A/m to
150 A/m FTWWWWS the
most extrenpe field to which the implanted device is likely to be exposed. The field level of 150 A/n] also
corresponds closely to the voltage test levels of 4.3. A field of 150 A/m rms applied to an induction|loop
of 200 cm? would induce peak-to-peak voltages of 1,33 V at 20 kHz increasing linearly with'frequgncy,
which are very similar to the levels used in 4.3. That field strength, 150 A/m, is also recommended as
a generic test in 1SO 14708-1:2014. Above 100 kHz, the field falls linearly to represent the likely fields
from potentjal sources of interference. The test is terminated at 140 kHz becauseno significant sojirces
(inductive lgpop applications) resulting in public exposure exist above this frequency.

A.2 Ratic
385 MHz

pnale for test requirements for the frequency band
< f<3 000 MHz (see 4.9)

A.2.1 Ratjonale for DUT reference point

EM fields o
affect implaj
pacemaker d
lead connec
because thi

f hand-held transmitters operating in the fréquency range covered by this docu
Inted cardiac devices primarily through field-to-lead energy transfer at the connecto
r ICD. The lead connector (tip) pin contactin-a single-chamber DUT or the right ventri
tor (tip) pin contact of a multi-connector DUT is defined as the common reference
definition should encompass most devices. If a multi-connector DUT does not have a
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- of a
rular
boint
right

ventricular
as the DUT i

port, the manufacturer should defifié and document the point in the connector that s¢
eference point.

Prves

A.2.2 Ratjonale for the RF modulation

The princippl RF interaction in implanted cardiac devices is spurious EMI signal generation thr
undesired demodulation of high-amplitude RF signals on pacing leads. Spurious EMI signals, whic
similar to thle pulsating cardiag'signal sensed by the cardiac device, are most likely to cause interact
The RF modulation for tests'specified by this document represents the worst case by using a rats
pulse width|that simulatés physiological signal characteristics and, as a result, lies within the bang
of the implgntable DUT. Typical communications service signal modulations are less disturbing
the modulatiion spécified by this document.

ough
h are
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e and
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A.2.3 Ratjonale for the optional characterization testing

The 120 mW power level described in this document allows a high level of confidence that an implantable
DUT will not be affected by EMI from a hand-held emitter at a distance of 15 cm. A manufacturer can
perform the optional characterization tests to demonstrate immunity without regard to the separation
distance.

A.2.4 Rationale for test power levels

The first edition of this document was based partly upon ANSI/AAMI PC69:2007[13] (second edition).
The rationale below provides the background for the minimum and optional power levels to which
legacy devices were tested as part of ANSI/AAMI PC69:2000, and is retained for the purpose of
informing users of this document's evolution.
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The dipole antenna power levels specified in ANSI/AAMI PC69:2000 were derived from measurements
of RF signals coupled to an instrumented DUT can with leads installed. The chart in Figure A.2 shows
the result of experiments that measured dipole net power that induced the same peak voltage on pacing
leads as was produced by cellular phones. Specially instrumented pacemaker cans and a spectrum
analyser were used to measure the EMI signal voltage induced on bipolar and unipolar pacing leads.
The instrumented pacemaker can and pacing leads were placed in a saline tank, according to the
specifications of the dipole test protocol. The peak voltages induced on the pacing leads by wireless
phones were measured using two phone orientations as each phone was moved along the X and Y axes
to locate the point of maximum signal coupling. In one orientation, the phone was held at a 30°angle
to the phone support grid, with the antenna tip pressed against the grid. In the second orientation,
the phone rested on the support grid was elevated 5 cm, 10 cm, or 15 cm above the pacemaker can,

and the antenna axis was parallel to the saline surface. Dipole antennas were located 2,5 tm from the
paceaker can and were moved along the X and Y axes to locate the point of peak voltdge induction on
the pacing leads. At the point of maximum coupling, dipole net power was adjustedto-match the lead-
induged voltage measured for a particular cellular phone and spacing.
Thesle experiments indicated that a maximum of 120 mW net dipole power was required o match the
highest induced voltage observed from cell phones that were spaced 15-cm*from the pademaker can.
These experiments also demonstrated that the optional 8 W and 2 W dipele test levels prqduce higher
lead poltages than are produced by wireless phones operated immediately adjacent to the gacemaker.
Y
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AAMI PC69:2000

The 40 mW dipole net power level specified in ANSI/AAMI PC69:2000 ensured the compatibility of
implanted cardiac devices with hand-held wireless and personal communication services (PCS) phones
[e.g. IDEN, MIRS, USDC (TDMA-50 at 800 MHz), CDMA (CDMA at 800 MHz), GSM (TDMA-217 at 900 MHz),
PCS (TDMA-217 at 1 900 MHz)] and other similar-power hand-held transmitters when the transmitter
maintained a minimum of 15 cm from the implanted device.

At the time that the 40 mW testing requirement of ANSI/AAMI PC69:2000 was developed, cell
phones were primarily voice devices and only used data streams during registration or network
synchronization.
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In the early 1990’s GSM replaced analog and older digital technologies in the cellular (850 MHz) band and
could transmit peak pulse powers in this lower band of 2 W. Although overall time-averaged transmit
power levels might have generally decreased over time because of improved network density and
migration of services to the upper (PCS) bands, the maximum possible (peak pulse) power levels in the
cellular (850 MHz) band significantly increased. Moreover, the incorporation of multiple transmitting
antennas (to support WiFi and Bluetooth links), the evolution of form factors, the use of higher bit rates
to facilitate data and Internet access, and the use of wireless headsets have resulted in a more complex
and diverse pattern of use and exposure.

The GSM technology protocol specifies that registration, network synchronization, and information
exchange can initially be performed at peak pulse transmit power levels (albeit often only for a very
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A.2.5 Rationale for lead configuration

The DUT lead configuration illustrated in Figure G.1 was selected because it fits the saline test tank and
is easily repeatable. In vitro test studies have shown that the primary RF coupling to the DUT at these
frequencies is through the device connector and therefore the layout of the lead is not critical at these
test frequencies.

A.2.6 Rationale for device programmed parameters
Testing both VVI and AAI is added as an alternative to DDD(R) testing because of the difficulty of

electrically isolating the ventricular and atrial chambers in the specified torso simulator. In addition,

60 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:2019(E)

the sense amplifiers, bandpass filtering, digital filtering, and EMI filtering are identical whether testing
VVI and AAI or DDD modes.

The programming specifically requested by Table 1.1 and Table .2 in Annex I, plus the high sensitive
setting specified in many tests, could lead to sensing of the atrial spike by the ventricle(s), resulting in a
behaviour known as “safety pacing”, essentially a shortening of the A-V delay.

This behaviour is not related to interference from external EM fields, does not modify the ventricular
refractory period, shortens the total atrial refractory period (TARP = A-V delay + PVARP) and is not
a reason to classify a device as non-conforming to this document. Tolerating this behaviour is an
alternative to testing with one active chamber at a time as allowed by Table 1.1, footnote c or Table [.2,
foot
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Rationale for test requirements in €lause 6

| Protection of the device from damage caused by high-frequency surgica

test frequency of 500 kHz was,selected as typical of most electrosurgical equipm
nuous wave test of 36 V__ of the signal was selected on the basis of the results of work
Task Force. It should be noted'that this test level can likely result in myocardial d
bh it is technically possiblé€in an in vivo situation.

requirement does ngt\provide complete protection, because the voltages and curreg

rodes and any conductive part of the DUT or its leads, and the surgeon might not be §
ioning of such'parts.
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Test 1 was designed to explore the ability of the DUTs to withstand external defibrillation applied
from units that have damped sinus monophasic waveforms, (such as the Edmark, Lown, and Pantrige
waveforms) or a biphasic waveform (such as the Gurvich waveform). The test stresses the DUT with a
high-voltage.

Test 2 was designed to explore the ability of the DUTs to withstand external defibrillation applied from
units with monophasic or biphasic truncated exponential waveform capabilities, using very fast rise
and fall time. This test stresses the DUT with a high-voltage and high dV/dt.

The different test voltage levels are intended to align with the clinical experience documented in the
literature, which teaches that significantly lower defibrillation energy is needed when a truncated
exponential waveform is used compared with the energy needed when using a damped sinus waveform
(Mittal, et al., 1999[€], 2000IZ]; Bardy, et al., 1996[1).
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The resistive ladder in Figure 47 has been designed to present the same total impedance of 65 (1 to the
defibrillation pulse generator (as the impedance used in ANSI/AAMI PC69:2007[13]),

During the development of this second edition of ISO 14117, consideration was given to the energy
reduction effects that could occur due to the presence of an implanted cardiac device. This effect could
lead to the inability to achieve defibrillation using an external defibrillator. This effect is considered
for external medical electrical equipment within the scope of IEC 60601-1. This issue was presented
to clinicians (members of AAMI CRMD committee) and there was agreement that energy reduction
was not an issue. Therefore, this topic is not considered within ISO 14117. Additionally, consideration
was given as to the potential need to adjust the defibrillation test voltages of 6.2. The working group
examined the current draft of IEC 60601-4-2, and found that there are no plans to increase available

energy. The

A.4.3 Tes

Fefore, the testlevels 1in 150 14117 remain unchanged.

[ signal modulation format

The first edition of this document included two possible forms of pulse burst modulation for the tests up

to 150 kHz.
for data cor
consisted of
in this editi
considered {

Dne of these consisted of a “square” burst of pulses which is representative of on-off ke¢ying
hmunication, or that may originate from pulsed magnetic fields. The second modulation
a modified pulse burst whose envelope was shaped. As the two medulations were sirpilar,
pn the second modulation was deleted as an option, and the first-was retained as it was
o be the more challenging to device behaviour of the two optiofis:
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Annex B
(informative)

Rationale for test frequency ranges

The table of emitters and associated frequencies of operation has been removed from this edition of the
standard. The rapid pace at which new emitter technologies are being introduced onto the marketplace

rend

The {

brs such a table obsolete by the time of its publication.

ests in this document are performed in one of two ways:
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— ¢
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Annex C
(informative)

Code for describing modes of implantable generators

C.1 The code

The code is
basic concej

presented as a sequence of five letters. Table C.1 and Table C.2 provide an outling=g

t of the pacemaker and ICD code.

Table C.1 — NASPE/BPEG generic (NBG) pacemaker code

f the

Position I II 111 IV \%

Category Chamber(s) Chamber(s) Response to Rate modulation |Multisite pa¢ing

paced sensed sensing

O =none O =none O =none 0 #Znone O =none

A = atrium A = atrium T = triggered R # rate A = atrium
modulating

V = ventricle V = ventricle I = inhibited V = ventriclg

D=dual (A+V) D=dual (A+V) |D=dual(F4]) D=dual (A4V)

Manufacturgrs' |S =single (AorV) |S =single (A orV)

designation pnly

Source: The Revised NASPE/BPEG Generic Pacemaker Code for Antibradycardia, Adaptive-Rate and Multisite Pacing. |PACE

25:260-264, February 2002[16],

NOTE NASPH has changed its name to HRS, the Heaxt Rhythm Society.

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

— Firstlettter: 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 |etter: The sensed/chamber is identified by either “V” for ventricle or “A” for atrium. Ap “0”
indicatgs that the infjplantable DUT has no sensing function. “D” indicates dual-chamber (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 DUT whose output is
inhibited b¥a'sensed signal) or “T” for triggered (i.e. an implantable DUT whose output is triggered
by sens¢dsignal); “O” is used if the implantable DUT has no sensing functions, and “D” is used fpr an

implantable DUT that can be inhibited and triggered.

adaptive-rate mechanism (rate modulation).

Fourth letter: The fourth letter is used only to indicate the presence (“R”) or absence (“0”) of an

Fifth letter: This letter is used to indicate whether multisite pacing is present in (“0”) none of the

cardiac chambers, (“A”) one or both of the atria, (“V”) one or both of the ventricles, or (“D”) any
combination of A or V as just described.
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Table C.2 — NASPE/BPEG defibrillator (NBD) code

Position I I1 11 IV
Shock chamber Antitachycardia pac- |Tachycardia detection|Antibradycardia
ing chamber pacing chamber
O =none O =none E = electrogram O =none
A = atrium A = atrium H = haemodynamic |A = atrium
V = ventricle V = ventricle V = ventricle
D=dual (A+V) D =dual (A+V) D=dual (A+V)

Source: The NASPE/BPEG Defibrillator Code. PACE16:1776-1780, September 1993171

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

— Position I: Shock chamber — This position serves to distinguish among devices\capable pf delivering
trial (“A”), ventricular (“V”), and dual-chamber (“D”) shocks. No details™are given| concerning
incremental energy shock protocols. If the defibrillation function is programmed off, the shock

hamber is designated as “O” (none) in Position | when specifying the current

mode of pperation.

— Position II: Antitachycardia pacing chamber — This position identjfiésthe location of ant{tachycardia
acing without specifying the pacing protocol (burst, ramp, ete.). The possible ant|tachycardia
acing configurations are designated as “O” (none), “A” (atfial), “V” (ventricular), and “D” (dual-
hamber). Where antitachycardia pacing capability is présent, the capability of “tiered” therapy

antitachycardia pacing followed, if necessary, by shock) is assumed to exist.

— TPosition III: Tachycardia detection — This position distinguishes devices that detect|tachycardia

y means of electrogram signal processing (‘E*] alone from those that

sense opne or more

aemodynamic-related variables (“H”) as well;such as blood pressure or transthoracidimpedance.
osition III is hierarchical in the sense that?H” implies “E.” All defibrillators are assiimed to use

lectrogram (EGM) sensing for tachycardia‘detection.

— Position IV: Antibradycardia pacing- chamber — This position identifies the |location of

¢onfigurations are designated as*“0” (none), “A” (atrial), “V” (ventricular), and

gntibradycardia pacing without spegitying the mode of pacing. The possible antibradycprdia pacing

“D” (dual-chamber).
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Annex D
(normative)

Interface circuits

CAUTION — Take care in the construction of the tissue-equivalent interface in order to prevent
electrical cross-talk within the circuit.

D

(]

_~

C input (tepst signal)

D test poinlt (test signal)
F  outputt¢e DUT

G outputt¢e DUT

] output t¢ DUT

K  monitoring point

Higure D.1 — Tissue-equivalent interface circuit for current measurements

Table D.1 a) — Component values for Figure D.1

R; 680 (2W) C; 15nF

R, 820 (1W) C, 180 pF

Ry 120Q C, Refer to Annex E
R, 5600

Table D.1 b) — Component values for Figure D.1

R, 680 (2W) ¢, 15nF
R, 47Q(1W) C, 180 pF
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Table D.1 (continued)

Ry 47 Q C, Referto Annex E
R, 33Q
D E
(]
Al
L1 L
ITI
| & F
= |
R2 1 RS | I C_{
= | R, |
I A L& | ® G
€
@~ |
lRe | -
® H
c Io—l 7] LR | G
! 2 H L R |
2 4
¢, H o |
C;
Rd |R f@ J
K
Key
C  ipput (test signal)
D fest point (test signal)
E input (inhibition{génerator)
F  qutputto DUT
G  qutput toDUT
H qutputteDUT
I qufputto DUT
]  signal ground
K  monitoring point

Figure D.2 — Tissue-equivalent interface circuit to check for malfunction

All resistors used shall be of film type with low inductance, tolerance +2 %, rated 0,5 W, and all
capacitors are of the ceramic type, tolerance +5 %, unless otherwise stated.

For testing CRT-P and CRT-D devices, the manufacturer shall modify the resistor network in Figure D.2
to provide equivalent voltages and impedances for additional channels, as needed. See Table D.2.
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Table D.2 — Component values for Figure D.2

680 (2W)

C, 15nF

820 (1W)

C, 180 pF

120 Q

C, Referto Annex E

560 QO

56 kQ

1 MQ

D

‘Nt

Key

C input (test signal)

D test poinf (test signal)
F  outputtg DUT

G outputte DUT

]  signal grpund

Figure D.

All resistor

capacitors a

68

Table D.3 — Component values for Figure D.3

B — Tissue-equivalent interface circuit to check for malfunction caused by voltages
induced on-cardioversion/defibrillation terminals

5 used shall be of film type with low inductance, tolerance +2 %, rated 0,5 W, and all
[re of the ceramiCtype, tolerance +5 %, unless otherwise stated.

R, 68Q(2W) ¢, 15nF

R, 47Q C,  180pF

K3 47 () Cy Refer to Annex &
R, 33Q
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A inut
B qutput

The low-pass filter shown in Figure D.4 is an example implementation using discrete eleme

Tablq
follof

qwitch up: bypass mode
qwitch down: filter mode

The input impedance of the filter is 267 k(); and
The output impedance of the filter is <67 kQ;and

The response is that of a maximally flat,¢hird order filter with a =3 dB rolloff at 565 Hj

ISO 14117:2019(E)

Figure D.4 — Low-pass filter used to attenuate the 500 kHz coniponent of a test
(see 4.2.2,4.2.3, and Annex E)

D.4). The manufacturer may implement this filter using alternative approaches as
ving constraints are met:

Table D.4-~~Component values for Figure D.4

R, 47kQ C, 22nF
R, 15kQ C, 6,8nF
Ry 47KkQ C; 2,2nF

signal

nts (see also
long as the

+ 6 %.
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Key
directional coupler
power splitter

bias tee
input (test signal)
monitoring point (test signal)

m O 0O W N =

input (inhibition generator)
E' inputor fermination
output t¢ implanted DUT

[P Ie>|

output t¢ implanted DUT
K monitor]ng point (implanted DUT)
K’ monitoring point (implantéd)DUT) or termination

Figure D.5 — Injection network

Table D.5 — Component values for Figure D.5

R,  |56kQ IR, [5000
Biastee  |C=120pF,L=0,5mH

All resistors used shall be of film type with low inductance, tolerance *2 %, rated 0,5 W, and all
capacitors are of the ceramic type, tolerance +5 %, unless otherwise stated.

The two bias tees shown in Figure D.5 shall provide a capacitor value of 120 pF + 5 % and a minimum
filter inductance of 0,5 mH (see also Table D.5).

This recommendation eliminates potential testing variability at 20 MHz, the lowest test frequency, which
can occur with an unspecified bias tee capacitor. This capacitor shall be specified so that variability of
network source impedance is eliminated at lower test frequencies. The prescribed calibration process
of 4.5.4 does not adequately compensate for bias tee capacitor effects occurring under pacemaker loads,
since an unmodified bias tee and a pacemaker will have unequal impedances in a 50 () system.
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Annex E
(informative)

Selection of capacitor C,

This annex provides guidance and a suggested procedure for selecting capacitor C, that is used in the

tissue-equivalent interface circuits described in Annex D.

The fests in this document requiring burst modulated interference signals can result in“ap erroneous
failedl compliance result due to the introduction of low frequency artefacts created\due fo imperfect
signgdl generation. Specifically, when a gated carrier is produced where the gating'is nof performed
precisely at carrier zero crossings, such artefacts are likely to exist whose amplitudes typically scale
with|the desired signal peak-to-peak value. This spurious noise might incotxectly identify a DUT as

sensitive to some or all of the test signals.

To atitenuate these spurious signals, the capacitor C,, in combination with a 68 () resistor, f
passffilter to reduce spuriously injected low-frequency signals fromthe interference signal

At low frequencies, the effect of C, can be opposite to that deSired. As an example, if t

brms a high-
generator.

ne user sets

C, = 70 nF, the amplitude of the test signal at point C has to'be increased if the test signgl monitored
at pdint D is not as required. See Figure E.1 for an illustration of this effect. This incregse in signal
can increase the amount of spurious low-frequency noise. Thus, the attenuation of the low-frequency

use ¢f C, can cause an otherwise unaffected devicé\to be affected by the test signal (corr
spurjous noise) and might indicate false failure.@f the device. The use of C, should be limi

pted by the
ed to cases

spurjous noise by C, can be more than offset by thé\ncreased amplitude injected. In t{is case, the

where failure to comply might be caused by the test equipment. Compliance does not reqyire C, to be

in-cifcuit, and, therefore, the use of C, is optional at any frequency.

© IS0 2019 - All rights reserved

71


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:

2019(E)

Figu

The shunt r
galvanic cor]
of the tissug
impedance 4

The optima
of the tissuy|
amplitude t

Unfortunatg
generation (

In one spec
capacitors il

e-equivalent interfage, While simultaneously limiting the residual low frequency s

100
10 ‘
&
o ] =
o
= -
g . - 'l
S 01 i : P4
> i
S =1 Test voltage required at D
~
_" i
0.01 i / Test voltage required at C
l r Source voltage requiredfrom
,’ ------- test signal generator
(output impedanges, 50 Chm)
0.001 R A
10’ 102 10° 104 10° 108 107
Frequency (Hz)

re E.1 — Example amplitude at point D and.€ of the tissue-equivalent interface
(Cx selected for 5 000 Hz ¢orner frequency)

psistor Ry of the tissue-equivalent interfaces of Annex D has three functions: it provi
nection between terminals F, G, Hiand I to case (terminal ]); it restricts the input resist
-equivalent interface to the value’of R; (68 () in case the device under test provides
it its inputs; and it is part of the high-pass filter together with C,.

value of C, is one thatpreserves the highest possible peak-to-peak amplitude at p

a value below that/efthe sensitivity of the device under test.

ly, a single value” of C, might not achieve these constraints for certain types of s
r carrier fréquencies.

ific casé,a manufacturer demonstrated that it would be practical to use three diff
1 the tahge 1 kHz to 10 MHz:

Hes a
ance
high

brt D
ignal

ignal

brent

1 kHz to 150kHz: 16-6601F
150 kHz to 1 MHz: 270 nF
1 MHz to 10 MHz: 27 nF

The load of the device under test is in parallel to the shunt resistor R; limiting test levels achievable by
the signal generator. Increasing the shunt resistor to 200 Q (for example, 150 Q in series with the input

of an oscillo

72

scope with 50 (), the following capacitors have been found to be practical:
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1 kHz to 150 kHz: 4700 nF

150 kHz to 1 MHz: 150 nF

1 MH

z to 10 MHz: 15 nF

The capacitor C, should not be an electrolytic type but the tolerance does not matter.

Procedure: Use oscilloscopes, input impedance of 1 MQ * 10 %, <30 pF, accurate to +10 % within a
bandwidth of at least 30 MHz.

For f

7 Figure D.4.

p(}npn{‘ipc above 9 kHz the ]nv\r-pq ss filter should have the characteristics described b

For frequencies below 9 kHz, the low-pass filter may require proper scaling.

The [test signal generator and tissue-equivalent interface circuit to be used in the’tes

are (¢

onnected to the oscilloscopes and low-pass filter as shown in Figure E.2. Adjust th

genefator to provide the signal specified in the test procedure.

NOTH

1  When selecting C, for burst-modulated test signals, use only carrier frequencies above 1

If fegsible, select a value of C, for a reading that is less than 0,05 mV, méasured at test point
passffilter.

NOTH

level under 0,05 mV is needed for testing high-sensitivity settings biit can be difficult to achieve in

t procedure
b test signal

kHz.

B of the low-

2 A signal level of 0,2 mV can be sensed by pacemakers that have high-sensitivity settings. A signal

practice with

standard test equipment.
1
©
J;
: oA 4 Be
1!‘
D
3
2
C ®C
Key
1  ¢scilloscope
2 fest’sighal generator
3 tissueeguivalentinterface
4 filter

Figure E.2 — Test to check for spurious low-frequency noise and to determine the value of C,
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Annex F

(normative)

Calibration of the injection network (Figure D.5)

This annex specifies the method for calibrating the injection network described in Figure D.5. The
calibration factor, m, is the link between the test voltage V, . and the measured voltage of oscilloscope

#1, connected to test point D of the injection network, V,

Vpp = m ¢

If only highfrequency components with specified low tolerances are used, the calibration factor c

%

osc

calculated ulsing this formula:

20 x log|(m) = —[ap + apc + apr + agr] + ¢pc + 6 dB

where

sc*

apc 19 the maximum insertion loss of the directional couplerin dB;

apc i9the maximum insertion loss of the power splitter for each way in dB;

ayr i9the maximum insertion loss of the attenuatonrin dB;

agr i9the maximum insertion loss of the bias tée'in dB;

cpc 1i9the minimum coupling loss of the directional coupler in dB;

and coupler|loss is entered as a positive value.

Otherwise the calibration factor shall beidetermined as follows:

Calibration| equipment: The configuration of Figure D.5 is used. Output G is terminated by a

in be

50 Q

terminator. Putput F is connected-to a calibrated high-frequency voltage meter with an input impedance
of 50 Q, an dccuracy of at least.+1 dB and a bandwidth of at least 385 MHz.

Calibration|signal: The{utput from the test signal generator shall be unmodulated carrier.

Calibration| procedure: The calibration signal shall be increased until the output voltage at the v

meter reaches the peak-to-peak value indicated in Table F.1. Read the peak-to-peak voltage on the

oscilloscopg
m, is equal L
divided by V,

SC.

#1 eonnected to test point D of the injection network, V,

Table F.1 — Calibration signal amplitude

Frequency (MHz) OutputF (V) OutputF (V)
4.3.2.2 4.5.4
and 4.3.3.2
10 3,61 2,58
20 5,39 3,85

Depending on available test equipment, these values may be converted to V..

ms. This decision

is left to the discretion of the party performing the test. The calibration amplitudes and
units shall be documented in the test report.

74
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Frequency (MHz) OutputF (V) OutputF (V)
4.3.2.2 4.5.4
and 4.3.3.2
30 6,13 4,38
40 6,47 4,62
50 6,65 4,75
60 6,75 4,82
70 6,82 4,87
80 6,86 4,90
90 6,89 4,92
100 6,90 4,93
150 6,96 4,97
200 6,97 498
300 6,99 4,99
385 7,00 5,00
Depending on available test equipment, these values may be cofiverted to V.., This decision
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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Torso simulator

NOTE This torso simulator is adapted from Reference [8].

G.1 Torso simulator

The torso sjmulator consists of a non-conductive tank, minimum capacity of 26,5 litres+(28 quarts),
measuring 4§ minimum of 51 cm in length, 36 cm in width, 14 cm in height (20,1 in x 14)17 in x 5,31 in)
+10 %, and ffilled with saline solution according to Table 11. The dipole antenna rests‘on the top grid
and the DUT rests on the bottom grid.

G.2 Top grid

The purpose of the top grid is to support the dipole antenna a specific distance above the saline solfition
as defined ip 4.9 of this document and allows the saline to flow fréely throughout the grid while not
perturbing the radiated field from the dipole. The top grid is madeof a non-conductive material which
fits inside the torso simulator so that the top grid’s top surface™s no lower than the top of the forso
simulator. Ajn example grid is constructed of a material that.ijs"0;16 cm (0,06 in) +10 % wide and 0,§7 cm
(0,34 in) £10 % thick and spaced 1,35 cm (0,53 in) apart in two directions forming an array of square
holes that afe 1,27 cm (0,5 in) £10 % on each side.

NOTE It|is possible to source the grid using the nén-conductive “eggcrate” diffuser of a fluorescent light
fixture.
G.3 Cutont

A central arga with dimensions of 11,43 cm by 12,7 cm (4,5 in by 5 in) £10 % of the top grid is removed
so that the QUT can be positioned-in'the upper grid and the dipole antenna can be consistently pladed in
close proxinpity to the DUT as defined in 4.9 of this document. The dipole antenna is supported over this
large centr?ll hole using non-coxiductive support fixturing.

NOTE Examples of support fixturing for the dipole antenna includes monofilament fishing line, rtbber
bands, or nylpn cable ties\

This support fixturing should be strong enough to support the dipole antenna and not absorb water,
resulting inja di'y,'stable surface on which to place the dipole antenna.

G.4 Bottom grid

A bottom grid made of the same material as the top grid is used to support the DUT inside the torso
simulator. The bottom grid has non-conductive support fixturing which allows changes to the bottom
grid’s vertical position in the torso simulator. This, in turn, varies the device’s depth of immersion in the
torso simulator.

G.5 Torso simulator electrodes

Two pairs of stainless steel electrode plates placed along the X and Y axes are used to monitor
and test the device while it is immersed in the saline. Each plate measures 5 cm x 5 cm x 0,2 cm
(1,97 in x 1,97 in x 0,08 in) £10 %. Each plate is positioned at the middle of one of the inner walls of
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the torso simulator. One pair of plates is placed on opposite walls of the torso simulator and allows
monitoring of the DUT. The second pair of plates are placed on opposite walls and adjacent to the
DUT monitoring plates. The second pair of plates allows ECG simulation signals to be applied to the
device leads through the saline. An imaginary line connecting one pair of plates is perpendicular to the
imaginary line connecting the other pair of plates. This minimizes the cross-talk between the injection
and monitoring plates. Each plate has a threaded hole in its centre, with a stainless-steel screw threaded
through the hole. The screw is forced through a small hole in the outer wall of the torso simulator and is
secured with a nut to form a watertight seal. The screw extends outside the torso simulator and forms
an external electrical terminal. The device signal is detected by electrically monitoring a pair of plates
with monitoring equipment that has a minimum input resistance of 1 M(). A signal generator is used
to apply simulated ECG waveforms to the second pair of plates. These signals produce voltages in the
saline that mimic cardiac activity.

G.6 | [llustrations

Figure G.1 and Figure G.2 illustrate all the features discussed above.
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Annex H
(normative)

Dipole antennas

H.1 Resonant dipole

The dipoles

coaxial stul

suitable 50

of dipole an
spacing bety

veen the antenna and the saline during characterization of the antenna,

Table H.1 — Dipole description

to be used for these tests are tuned, half-wavelength, resonant dipoles with a series-pa

balun that meet the specifications in Table H.1. The coaxial balun is terminated i
() coaxial interface connector. See Figure H.1 or ANSI C63.5-2006, Annex Ef\for’ exarn
tennas that can meet the specification in Table H.1. See Table 10 for saline resistivity

rallel
hto a
hples
r and

Test frequencies Specified in 4.9.2.4 b)
Ateach freqa:ency, the following char-
acteristics shall apply:

Symmetry?

+0,5 dB up to A/8 from the antenna reference point of the dipole

Internal loss

o

<0,2dB

Voltage stan

Hing wave radio (VSWR) |=1,5:1 with the dipole tuned at 2 cm from the saline bath

(referenced fo 50 Q)
Power rating 10 W minimum CW.
Rod length symmetry +0,1 mm

Rod axis alig

nment¢
at any pgintalong the dipole elements: 1 mm maximum

Offset of the({dipole elements: 0,25 mm maximum; offset to the flat g

dge

Rod diamete

r 3,58imm * 0,254 mm copper

a  Symmetr)

the dipole refi

b Internal |
network analy
0,2 dB is addd
power (see K|

C

The sepa

brence point.

rser. An antenna with aumeasured internal loss exceeding 0,2 dB may be used, provided that the loss exce

.3).

ation betweenthe two elements of the dipole at the antenna reference point shall be kept constant.

is defined as the H-field difference of the left and right dipole elements at any distance along the dipole

pss is measured by shorfing the dipole at the antenna reference point and measuring the return loss

d to antenna cable dttenuation (ACA) for calculation of forward dipole power (see K.1.1) and reflected d

from

yith a
bding
ipole
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Sl
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/ 1 mm
i |
i M= H
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] P
4 T d=3,58mm # 0,254 mm"*
—_ N

Ul
A
180 mm

\
225 mm

Key

1 4Jntenna reference point?

2 Teflon ® or equivalent

3  doldered

4  dtandard semi-rigid coaxial cable
5 doaxial lead

6  3MA connector

'he intersection of the axis\of the antenna rod and the axis of the antenna support is the referenc¢ point for the
ntenna location.

o
L |

NOTHE 1 This drawingywas developed by Schmid and Partner Engineering AG, Zurich, Switzerland, for IEEE
C34 §C 2.

NOTE 2  Teflon'® is a registered trademark of E.I. du Pont de Nemours and Company This informption is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product
namgd. Egiiivalent products may be used if they can be shown to lead to the same results.

Figure H.1 — Example of a dipole antenna
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Annex I
(normative)

Pacemaker/ICD programming settings

I.1 General

This annex (Iiescribes the programmable settings for the DUT.

1.2 Pacemaker

I.2.1 Parameters

Table 1.1 — Pacemaker parameters

Parameter [(where appropri-

Single-chamber device

Dual-chamberior

Single-pass leagl

ate/available) CRT-P deyice
Bradycardiajmode (most com- |VVI (AAI), DDD, DDDR® VDD¢
prehensive)3b VVIR (AAIR)

Sensing poldrity

Unipolar and bipolar

Unipelar’and bipolar

Unipolar and bipolat

being(conducted

being conducted

being conducted

Pacing polarjity Unipolar and bipolar Unipolar and bipolar Unipolar and bipolat
Pacing rate Nominal Nominal Nominal

A/V blanking Minimum Minimum Minimum
Cross-ventrifular blanking — Minimum, if present —

A/V refractdry Minimum Minimum Minimum

PVARP — Minimum Minimum

A/V sensitivjity As specified in the test As specified in the test | As specified in the t¢st

V-V interval{

Minimum

Rate response

A specified in the test
being conducted

As specified in the test
being conducted

Hysteresis

Off (VVI/AAI)

Off (VVI)

Other paranjeters

As appropriate (nominal
preferred)

As appropriate (nominal
preferred)

As appropriate (non
preferred)

inal

a2 Pacing njodés\are described using a generic code developed by the North American Society of Pacing
Electrophysidlogy and the British Pacing and Electrophysiology Group. The code is explained in Annex C.

and

b Applies to 4.9.

d  Only applies to CRT-P devices.

¢ During testing with the ECG signal on or during testing requiring injected signal, dual-chamber devices may be tested
in both AAI(R) and VVI(R) modes in lieu of DDD(R), as listed above. CRT-P devices may also be tested one chamber at a time,
e.g. AAL, VVI on right ventricle, VVI on left ventricle.

If certain parameters specified in this tabel are automatically set by the device and cannot be programmed to the required
value, the test shall be performed regardless.

1.2.2 Diagnostic settings

If certain features are strictly for diagnostic purposes and labelled as such by the manufacturer, these
features shall be excluded when determining the settings for EMC testing.
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1.3 ICD

I.3.1 Parameters
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Table 1.2 — Tachycardia device parameters

Parameter

Single-chamber device

Dual-chamber or CRT-D device

Mode (most comprehensive)?

VVI (AAI), VVIR

DDD, DDDRP

Bradycardia parameters

Nominal

Nominal

A/V blanking

Minimum

Minimum

Crospg-ventricular blanking

Minimum, if present

A/Vefractory

Minimum, if applicable

Minimum, if applicable

PVARP

Minimum

A/V sensitivity

As specified in the test being

As specified in the tes§ being

conducted condugted
V-V iptervald) — Midimum
Detelction enable On On

Detelction criteria

As specified in the test being

As specified in the test being

ate monitoring means

conducted conducted
ICD ATP therapy® Off Off
VT/VF therapy #1 Lowest energy setting orappropri- |Lowest energy setting pr appropri-

ate monitoring means

VT/VF therapy #2, ..., etc.

Off, if possible

Off, if possible

Ratelresponse

As specified in-the test being
conducted

As specified in the tes§ being
conducted

Hysteresis

Off (VVI/AAI)

Off (VVI)

Othdr parameters

As appropriate (nominal preferred)

As appropriate (nomingl preferred)

settings.

d  Qnly applies to CRT-Ddevices.

a2 Pacing modes are described using a geheric code developed by the North American Society of Pacing and
Electjrophysiology and the British Pacing andElectrophysiology Group. The code is explained in Annex C.

b During testing with the ECG sighal‘on or during testing requiring injected signal [4.9.3.1 b) and 4.94.2 b)], dual-
chamber devices may be tested in both AAI(R) and VVI(R) modes in lieu of DDD(R), as listed above. CRT-D deyices may also
be tefted one chamber at a time, e.g)AAI, VVi on right ventricle, VVI on left ventricle.

¢ Hor ATP-only devices, the-feature shall be programmed with the signal on, with other parameters set to nominal

If cerftain parameters-specified in this table are automatically set by the device and cannot be programmed t¢ the required
valug, the test shall be performed regardless.

1.3.2

Diagnostic settings

If certain features are strictly for diagnostic purposes and labelled as such by the manufacturer, these
features shall be excluded when determining the settings for EMC testing.

1.4 Other operating modes or parameters not implied in this document

For EMC testing of cardiac pacemakers or ICDs with characteristics other than those listed in this
annex, the DUT shall be placed in its most susceptible operating mode. For DUTs with several available
operating modes (including software-controlled operational modes), a sufficient number of modes shall
be tested so that all circuitry is evaluated. The DUT shall be monitored during testing for indications
of degradation or malfunction. The monitoring circuitry shall not influence test results. During testing,
the DUT shall not exhibit any malfunction, degradation of performance, or deviation from specified
indications beyond the tolerances indicated in the individual device specifications.
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Simulated cardiac signal

J.1 Heart simulated signal

The simulatpd waveform (see Figure ].1) shall have the following characteristics:

— leadingledge is t = 2 ms and trailing edge is T = 13 ms;

— total pullse width is 15 ms (see Figure J.1).

The ECG simulated bradycardia rate shall be 10 % to 20 % greater than the programmed pacing rate
of the DUT. The ECG simulated tachycardia rate shall be within the programmed tachycardia deteftion
window of the DUT. The amplitude of the signal is raised from zero to a poirt where the DUT tracks the
signal, and then the amplitude of the signal is doubled to ensure sufficient-sensing. Tests with an ECG
signal shall pe performed with the ECG signal polarity that has the lower sensing threshold, if th¢ two

thresholds gre different.

B Pw
Pi
Key
P, pulse width
P, pulse interval
Ficurel.1l — Simulated cardiacsignal
l=] y l=]
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Annex K
(normative)

Calculation of net power into dipole antenna

K.1 Calculation of net dipole power

The test setup shown in Figure K.1 is used to measure net power into a dipole antenna|for the test
protgcol specified in this document. Net power into the dipole antenna is defined-te’be the forward
poweér minus the reflected power at the cable terminal of the dipole antennasDipole rlet power is
calcylated from power measurements made at a dual-directional coupler by using the |calculations
defirled hereafter. Factors DCF, DCR, and ACA used in these expressions shalbbe derived for each test

frequency by using the measurement methodology described herein or-an“equivalent njethod, with
justification provided.

K.1.1 Calculation of forward dipole power (dBm)

HPdBm = AdBm + DCF - ACA

where

FPdBm is the forward dipole power (dBm);

AdBm  is the power meter “A” reading (dBm);

DCF is the directional coupler forward port coupling factor (+dB);

ACA is the antenna cable attenuation (+dB).

K.1.2 Conversion of forward dipole power from dBm to milliwatts
HP = 10(FPdBm/10)

where

¥P isythe forward dipole power (mW);
FPdBma™ is the forward dipole power (dBm).

K.1.3—Calcutatiomof reftected dipote power (dBm)
RPdBm = BdBm + DCR + ACA

where

RPdBm is the reflected dipole power (dBm);
BdBm is the power meter “B” reading (dBm);
DCR is the directional coupler reflected port coupling factor (+dB);

ACA is the antenna cable attenuation (+dB).
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K.1.4 Conversion of reflected dipole power from dBm to milliwatts

RP = 10(RPdBm/10)

where

RP is the reflected dipole power (mW);

RPdBm is the reflected dipole power (dBm).

K 1 5 Calnl!lnf;n“ ofnot dinoalonaowoer (1 IAN
'S oo TroT o \v4

T CTUTpPpUICTpOUVWCT (IIXvy

NP = FP[- RP

where

NP  igthe net dipole power (mW);
FP  igthe forward dipole power (mW);
RP

-

g the reflected dipole power (mW).

K.2 Measurement of factors for net power calculations

The methodology described hereafter is recommended for,dieasuring directional coupler factors and
antenna cablle attenuation.

K.2.1 DCH — Directional coupler forward portcoupling factor

Configure the test equipment as shown in Figure K.2 with power meter B connected directly tp the
output port|of the directional coupler. If ansattenuator will be installed at the forward power port of
directional foupler during tests with the setup shown in Figure K.1, install the same attenuator gt the
forward power port for this measurement. The attenuator loss is embedded within the directjional
coupler coupling factor. At each test frequency, apply an unmodulated sine signal to the input port ¢f the
directional foupler using sufficient\amplitude to provide >20 dB signal-to-noise ratios at both ppwer
meters and record the power levels (dBm) at power meters A and B.

The coupling factor for the-directional coupler forward port (DCF) is calculated at each test freqyency
by this expression:

DCF = BgBm - AdBm

where

DCF  isthe directional coupler forward port coupling factor (dB);
BdBm is the power meter B reading (dBm);

AdBm is the power meter A reading (dBm).

K.2.2 DCR — Directional coupler reflected port coupling factor

Configure the test equipment as shown in Figure K.3 with power meter B connected directly to the
input port of the directional coupler. If an attenuator will be installed at the reflected power port of
the directional coupler during tests with the setup shown in Figure K.1, install the same attenuator at
the reflected power port for this measurement. The attenuator loss is embedded within the directional
coupler coupling factor. At each test frequency, apply an unmodulated sine signal to the output port of
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the directional coupler, using sufficient amplitude to provide >20 dB signal-to-noise ratio at both power

mete

rs and to record the power levels (dBm) at power meters A and B.

The directional coupler reflected coupling factor (DCR) is calculated by this expression:

DCR = BdBm - AdBm

where

BdBm  is the power meter B reading (dBm);

AdBm  is the power meter A reading (dBm).

K.2.

Conf
setuj
will |
in Fij

frequiency, apply an unmodulated sine signal to the input port of the directional coupler, usi

amp]
(dBnm

The 4
A

whet

|

Exce

ACA  isthe antenna cable attenuation.(dB);

AdBm is the power meter A reading(dBm);

BdBm is the power meter B reading (dBm).

B ACA antenna cable attenuation

gure the test equipment as shown in Figure K.4, with the antenna cable used'in the Fig
b connected between the output port of the directional coupler and powermeter B. If a
pe installed at the forward power port of the directional coupler during tests with the {
pbure K.1, install the same attenuator at the forward power port forthis measurement.

b1t Ih. 1

itude to provide >20 dB signal-to-noise ratio at both power meters and to record the |
1) at power meters A and B.

intenna cable attenuation (ACA) is calculated by this expression:

CA =AdBm + DCF - BdBm

e

DCF  is the directional coupler forward port coupling factor (+dB);

5s internal antenna’losses (see Table H.1) shall be added to ACA.

rure K.1 test
h attenuator
etup shown
At each test
hg sufficient
bower levels
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NOTE 1

NOTE 2

coupler to r¢
power level.

NOTE 3

and installing

NOTE 1

NOTE 2

Dual
Directional .
Coupler Antenna Erlﬁg Inena
Signal - Cable
Generator L|Input Output
Forward Reflected
Power Power
- J O
>
Power Power b:\'\
Meter A Meter B N
N
A1: RF interfaces are 50 () characteristic impedance. << Os\
An attenuator might be required at the forward power and re%@d power ports of the directional
duce power levels to within the range of the power met% en conducting tests up to thg 8 W
QO
Alsingle power meter can be used in lieu of dual powg&@feters by moving the meter between ports
b a 50 () termination at the unmetered port. $
.\@
Figure K.1 —Oﬁst setup
b\
O
O Dual
" Directional
O® Coupler
Signal O - - Power
Generator |7 L] Input Output | | peter B
9
N
Q: Forward  Reflected
& Power Power
QX - 500
?‘é Load
03 P cwer
Meter A

All RF interfaces are 50 Q characteristic impedance.

A single power meter can be used in lieu of dual power meters by moving the meter between ports

and installing a 50 ) termination at the unmetered port.

88

Figure K.2 — Directional coupler forward port coupling factor

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1642668538737512f9c8e80f8e288ac6

ISO 14117:2019(E)

Signal
outot[F—— G

Generator

Dual
Directional
Coupler
Power
Meterg |[{INPU
Forward Reflected
Power  Pogay
s00 — [
Load
Power
Meter A

NOTE 1  All RF interfaces are 50 Q characteristic impedance.
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NOTHE 2 A single power meter can be used in lieu of dual powe&ers by moving the meter bgtween ports

and ipstalling a 50 Q termination at the unmetered port.
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Pgwer
M eter B

N
Figure K.3 — Directional couple\rg@verse port coupling factor
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NOTE1  AllRF interfaces are 50 Q characteristic impedance.

NOTE 2 A single power meter can be used in lieu of dual power meters by moving the meter between ports
and installing a 50 Q termination at the unmetered port.

Figure K.4 — Antenna cable attenuation
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(informative)

Loop area calculations
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b[4]) that indicated that unipolar pacemakers with a semicircle lead configuratien.¢can
op area.

lished in the 1990s indicated lower effective coupling areas (Scholten and Silny, 20
(3.

understanding of realistic effective coupling areas is importantfor designing de

EMI and for defining test criteria for implantable cardiovascularimedical device stand
/IC Task Force considered the in vivo evaluation of the effective l6op areas an important
hing requirements.

h study was conducted to evaluate the effective loop ateas in relation to EMI susceptil
akers and ICD lead systems, and 1) to determine whether a difference exists in the effe]
ea for pacemakers and ICDs and 2) to correlatesactual implanted systems with modg
pus studies in Europe.

rical lead loop area in this annex is defined-as the area enclosed by leads and an imagi
between the electrode tip (ring) and themetallic case of the implanted DUT.

pdure

pacemaker and ICD patiefits ‘'were obtained and analysed using a LASICO Model L
o determine the two-dimensional lead area. Planimeter measurements were made on
he device to the lead-tip“in the implanted ventricular or atrial transvenous lead sysf
, planimeter measurements of the lead segment within a circle with a diameter of 141
ely 22 in2), a typical size for partial exposure, were made by placing the circle ove
ystem and keeping the centre of the device within the circle.

ation of implanted leads was done in the mid-1980s. Information was published (Irnicll\ and
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convenience of users of this document and does not constitute an endorsement by ISO of this product.
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LASICO L-30 is an example of a suitable product available commercially. This information is given for the
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Effective atfial area = A1 + A2 - A3 \Q
Effective veptricular area =V1 + V2 S\&
1 atrial lead \‘g\g
2 ventriculalr lead @
N
ez s <
Figure L.2 — Simulated lef&p_e toral dual-chamber ICD X-ray
O
L.3 Results @ )
The mean effective coupling areas 6) a large loop (a person walking into an EM field) and for a §mall
loop (a perspn with only a part ®1é body exposed to an EM field) are shown in Table L.1 (pacemdkers,
n =100 patignts) and Table %@:DS, n =59 patients).
Each table if broken do y device and implant location: right pectoral or left pectoral. Lead lgngth
and effectivie couplin as are provided for the available frontal view of the atrial and ventrifular
leads, as well as th ilable lateral view. Also provided are large lead loop measurements and $mall
[12,7 cm (5 n)/d{ﬁter] lead loop measurements.
% Table .1 — Pacemalker. cycfnme
Coupling area
IPG locati9n Statistics Vlead Alead Small loop Large loop
and quantity length cm |length cm V fron- A fron- V fron- A fron-
tal V lateral tal Alateral tal V lateral tal Alateral

47 Average 57 52 46 48 45 48 191 117 120 88
Left Maximum 65 57 88 70 83 80 314 187 166 154
pectoral Minimum 52 45 12 20 13 19 57 72 59 45

Standard 5 5 22 18 22 19 62 35 26 30

deviation
NOTE A = atrial; V = ventricular.
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Coupling area
IPG locati(_)n Statistics Vlead Alead Small loop Large loop
and quantity length cm |length cm
V fron- A fron- V fron- A fron-
V lateral Alateral V lateral Alateral
tal tal tal tal
49 Average 55 46 70 57 73 58 68 117 95 91
Right Maximum 76 55 100 101 100 99 169 189 159 137
pectoral Minimum 48 37 8 42 43 40 6 62 45 63
Standard 5 4 19 16 15 16 31 31 25 19
deviation
4 Average 54 53 28 33 — 34 91 109 18 83
Abdominal Maximum 58 53 81 33 — 34 143 135 1p5 103
Minimum 52 53 8 33 — 34 42 80 1 62
Standard 3 — 35 — — — 45 39 47 29
deviation
NOTH A = atrial; V = ventricular.
Table L.2 — ICD systems
Coupling area
ICD Yocation Statisti Vlead Alead Small loop Large loop
- tatistics
and quantity length cm |length cm
V fron- A fron- V fron- A fron-
V lateral Alateral V lateral Alateral
tal tal tal thl
54 Average 65 52 57 40 57 35 232 108 1B7 66
Left Maximum 78 62 97 76. 107 69 389 190 2p1 105
pectoral Minimum 55 42 13 23 20 20 91 23 19 20
Standard 5 5 19 14 20 13 51 38 18 25
deviation
3 Average 68 52 59 — 41 — 167 93 145 57
Right Maximum 75 53 80 e 56 — 233 93 187 57
pectoral Minimum 58 50 31 — 26 — 101 93 14 57
Standard 9 2 25 — 21 — 93 — P —
deviation
2 Average 105 — 33 — — — 140 — — —
Abdominal Maximum 105 — 42 — — — 167 — - —
Minimunt 105 — 24 — — — 112 — - —
Standard — — — — — — — — — —
deviation
In symmary,for the large loop areas (full lead system):
a) FKFor“pacemakers, 47 left pectoral implants and 49 right pectoral implants wefe analysed
see/Table L.1).

b) For ICDs, 54 left pectoral implants and 3 right pectoral implants were analysed (see Table L.2).

c) Asseen when comparing Figure L.1 with Figure L.2, the left pectoral lead system results in larger
geometrical lead loop areas as compared with the “lazy S” orientation of the right pectoral leads.
The right pectoral lead tends to have the more effective geometrical lead loop area subtracted, as
shown in Figure L.1.

d) Leftpectoral, frontal orientation of ventricular leads provided the largest effective geometrical lead
loop areas; the averages were 191 cm? for pacemakers and 232 cm? for ICDs (see Tables L.1 and L.2).

e) The maximum effective geometrical lead loop areas measured were 314 cm? for pacemakers and
389 cm? for ICDs (see Table L.1 and Table L.2).
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f) The difference in effective geometrical lead loop area can be attributed to the use of longer leads
with ICDs. The average left pectoral ventricular lead length was 65 cm for ICDs and 57 cm for
pacemakers (see Table L.1 and Table L.2).

In summary, for the small loop areas (partial lead system):

For pacemakers, 47 left pectoralimplants and 49 right pectoralimplants were analysed (see Table L.1).
For ICDs, 54 left pectoral implants and 3 right pectoral implants were analysed (see Table L.2).

The left pectoral lead systems resulted in approximately the same effective geometrical lead loop

area, since the subtractive parts of the “lazy S” orientation seen in right pectoral leads typically fell

outside
leads re
wherea
and 59

The ma

the 12,7 cm (5 in) diameter area measured. Left pectoral, frontal orientation of ventyi
sulted in average geometrical lead loop areas of 46 cm? for pacemakers and 57 cm?for
5 the right pectoral, frontal orientation of ventricular lead averaged 57 cm? for(pacem
'm? for ICDs (see Table L.1 and Table L.2).

kimum effective geometrical lead loop areas measured were 88 cm? for|the right ped

ventricylar lead of a pacemaker and 107 cm? for an atrial left pectoral lead for.an ICD (see Tabl

and Tab|

L.4 Suml

The study d
be 191 cm?,
further foun

Measureme
difference b|
loop area w

The geomet]
line betwee
Figure L..2, 4

le [.2).

mary — Geometrical lead loop area

pscribed above found the average left pectoral geometrical lead loop area for pacemakd
which confirms the previous use of 200 cm?2 in estimations of effective loop area. The s
d a maximum geometrical lead loop area of 314 cm? for left pectoral pacemaker impla

etween loop areas of 200 cm? and 232 cm? 45 essentially insignificant; therefore, the
hs applied to ICDs and pacemakers.

ric lead loop area was defined as tHe area enclosed by leads and an imaginary str
h the electrode tip (ring) and the“metallic case of the implanted DUT (see also Figur
nd Figure L.3).

L.5 Effed

In the case ¥
of as being d
DUT. The in
A=L2/2m.

This is still
within the |
effective ind

tive induction area

vhere a lead is placédih an infinitely extended conductive medium, the loop can be thg
losed by a straight' wire from the tip connector of the lead to the non-insulated case of
Juction area AYfor a lead of given length L will be maximal with a semicircle layout:

ht of ICD systems found an average left pectoral geometrical lead loop area of 232 cm?.

rular
ICDs,
1kers

toral
el.1

rs to
tudy
hts.

The
bame

hight
p 1.1,

ught
the

true within a finite space (as in the thorax) in case the imaginary straight line is ce

effect [Schol

Figure L.3 il

94

lustrates a unipolar lead in a semicircle layout schematically.
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Figure L.3 — Effective induction area of an open wire loop inside a conductive m

ved with left pectoral implantation of the DUT. The maximum achievable visible are
cm?2 but taking the above mentioned reduction effe¢ts'into account the maximun
tive induction area A;,4™3* is about 225 cm? only:)This means that the maximu
hinted unipolar cardiac lead delivers the same indueed interference voltage as an equiy
loop with 225 cm? loop area.

Consideration of Lead Loop Area based on CRT-P/CRT-D devices and
fricular lead placement

e first edition of ISO 14117, this annex identified maximum geometrical lead loop 2
- of 200 cm2. That analysis, however, did not consider left ventricular leads.

his second edition of [SO_14117, additional analyses were performed using SEMCA|
lling tool. Simulations‘ef Duke (the largest human body model in the Virtual Fam
Foundation in Zurieh,-Switzerland) were used with a 100 cm LV LEAD with three traje
left and right pectoral implants. The front (anterior-posterior) and side (lateral) ared
ctories were determined. The largest loop area was 205 cm?. This is not appreciabl
Hetermined previously, likely due to the fact that the additional lead length is arbitrari

there_is\lo need to increase the lead loop area based on adding LV leads to the g

7:2019(E)

edium
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Annex M
(informative)

Correlation between levels of test voltages used in this document

The purpos

and strengths of radiated fields
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at levels an
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minimize th|
avoiding cef
be more pro

An intentio
human safet
C95.1and C

pacemaker

electromagnetic fields (EMF). They are not intended to ensure EMC between emitting equipmen

pacemakers

peak signalg.

Modern devj
level physiog
Modern devj
initial samp
many theray
the intrinsig
pre-filters.
difficult, an
particularly]

These emitt
the carrier
systems) th
modulation
(amplitude
only freque
that are am

represent the largest potential EMI threat. This threat is realized when the peak-to-peak ampl

interfering

P—oT

l with modulation components that might adversely affect the operation of implan
or ICDs. With this information, emitter manufacturers (intentional or inadvertent);can
e EMI effects on implantable pacemakers or ICDs by one or more of the following action
tain frequencies, (2) reducing the EMF levels, (3) avoiding modulation formats that 1
blematic for the medical devices, or (4) limiting the exposure time to the interfering so

hal or inadvertent emitter that produces field levels that are at ¢rysubstantially b
y exposure standards or national telecommunication regulations{such as EC 519/99,
D5.6, and those of the FCC) could still interfere with the proper opération of an implan
br ICD. These standards and regulations are intended tos/avoid biological effects

or implantable defibrillators. Implantable pacemakers and ICDs are particularly sensiti

ices within the scope of this document are life-sustaining and are designed to sense
logical signals (as low as 0,1 mV) that have frequency content of interest up to 50
ices utilize analogue pre-filtering in conjunction with A/D conversion, and therefore
ing rates that approach 1 kHz. For patientsafety and comfort, these devices are small,
peutic features, and have a long batterytlife. These highly desired features, combined

herefore, designing for high rejection of unwanted signals between 500 Hz and 1 000
| emitted fields, whether intentional or not, with frequency components up to 1 kHz c
problematic. For these reasons, the boundary between zones 1 and 2 as was setat 1 k

ed frequency componénts can be either from the carrier signal or from modulati
signal. While there dre-very few intentional emitters (other than AC power distrib
ht create EMF fields’(carriers) below 1 kHz, there are many intentional emitters uti
frequencies below)1 kHz. Here it is important to note that the type of modulation emp
Fersus phase/frequency) drastically affects the likelihood of EMI effects. Carriers thg
hcy or phase-modulated have a lesser effect on pacemaker / ICD sensing circuits. Cay
plitude odulated with signals whose baseband content falls in the 0 Hz to 500 Hz q

EMF.results in an induced voltage at the input to the device that exceeds the attenu

capability o

]‘ioyed

table
help
s: (1)
hight
urce.

elow
[EEE
table
from
t and
ve to

low-
D Hz.
have
offer
with

functionality, limit the size and number of components available to implement analogue

Hz is
hin be
Hz.

bn of
1ition
zing

t are
riers
ange
tude
htion

the device’s filters to keep the input to the sensing circuity within its linear dynamic r

hnge.

When this happens, demodulation of the carrier can occur, and the baseband content of the emitter is
then presented to the sensing circuits as interference.

In summary, the potential for interference with implantable pacemakers and ICDs is a complex topic;
interference depends on a number of factors:

frequen

96

cy of the emitted carrier signal (modern filters are most effective above 10 MHz);

modulation format (amplitude modulation is single largest threat);
proximity to the patient;
coupling factors (orientation between the patient’s lead system and the incident EMF);

duration of exposure;
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— power of the signal.

When a pacemaker is subjected to EM], it can exhibit one or more of the following adverse responses:
— missed pacing beats or stop pacing (pacemaker inhibition);
stopped sensing (noise reversion to asynchronous pacing);

fast pacing (tracking of the EMI by dual-chamber devices);

current induced into the lead system that can trigger an arrhythmia;

retivatiomrofthe magneticsw tteh
When an ICD is subjected to EMI it can exhibit one or more of the following adverse responses:

igh-voltage shock (inappropriate delivery of therapy);

inability to identify the need for therapy (inability to properly detect 'tardiac tachyarrhythmia
wing to noise);

issed pacing beats or stopped pacing (oversensing that manifests.itself as inhibition)
— gtopped sensing (noise reversion to asynchronous pacing);

— fast pacing (tracking of the EMI by dual-chamber devices);

urrent induced into the lead system that can trigger‘an arrhythmia;

—

dctivation of the magnetic switch, which suspends-therapies or causes other changes, depending on
the device model.

Many of these responses can result in potentially life-threatening situations for device-dependent
patignts. For example, in a patient whose heart cannot beat on its own, if EMI from an emitfer is sensed
as cdrdiac activity, the pacemaker or imiplantable defibrillator can be inhibited (might got pace the
heart), and the heart can stop.

Correlation of pacemaker or ICD interference input voltages with radiated electric fields is a iery complex

subijq
vary
in bg

ct that is beyond the scope’of this annex. Such RF input voltages depend on coupling
in each frequency band-For example, lower-frequency electric fields induce circulat

b1 frequencies, thé\leads can act as antennae to EMI, further complicated by standing
hn body cavity yeSonance. At even higher frequencies (as in cellular telephone ban

dy tissue, which can\be detected by pacemaker and ICD input circuits as voltage diff]

factors that
ng currents
erentials. At
waves from
1s), the EMI

ing is primarily into the short lead lengths of the pacemaker or implantable defibrillator header
ctor bloek((the rest of the lead wire system is decoupled owing to its high impedance and the
dampening.efféct of body tissue). In addition, because of the reflection and absorption of pody tissue,
frequencies-above 3 GHz are very unlikely to interfere with pacemakers or ICDs.

How ire to time-
varying magnetic fields. Additional information on this topic can be found in EN 50527-2-1[31], Emitter
manufacturers typically measure the radiated output levels of their equipment in EM field strength units.

The following is a correlation between the voltage test levels in Clause 4 and EM field strength levels
(amps/meter, peak). This correlation uses Faraday’s law and reflects an effective induction loop area of
225 cm?, considered worst case for left pectoral implants. It should be noted, as discussed in Annex L,
that the largest geometrical implantation loop areas can exceed 300 cm? for special cases (e.g. large
patients or abdominally implanted systems).

In most circumstances it is possible to identify exposures which are totally or almost totally magnetic in
nature. In such circumstances, the magnetic field levels which can generate the pacemaker lead voltages
corresponding to the device test limits can be derived using Faraday's law and applying an effective
induction area of 225 cm? for frequencies below about 5 MHz. However, some exposures involve both
magnetic and electric fields and the effects of these would need to be combined.
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Device immunity closely follows, and generally exceeds, the 1998 ICNIRP General Public Reference
Levels. Figure M.1 shows a comparison between the voltage test levels applied to the device input
terminals from this document and the voltage that would be induced by an external magnetic field with
a strength at the specified General Public Reference Level. Figure M.2 provides a similar comparison,
examining the actual ICNIRP field strengths and those field levels required to achieve the voltage test
levels of this document. It assumes the above-mentioned worst case effective induction loop area of
225 cm?, and a unipolar lead. This assumption can lead to an underestimation of the induced voltages
in patients who have greater lead loop areas. Figure M.3 and Figure M.4 designate operations that
can occur at levels above those shown in Figure M.1 and Figure M.2. Requirements specified in this
document provide reasonable protection from interference due to external sources of EMI.

Consideratjons for adjustment of immunity testlevels:

The immunity test levels specified in this document are based upon numerous consideration§:

EMF ley es of

emissio

els that might be encountered by the general public in the absence of particular sourg
hs. Such levels might be specified either as part of regulatory law or guidarnce.

EMF lev with

an impl

els associated with known emitters that might be commonly encountered by patients
hnted device but not necessarily in occupational settings

Conseng t the

specifie]

us agreement among manufacturers of devices within the scope of this document tha
d immunity is achievable

In 2010, ICNIRP published updated Reference Levels, which at the time of publication of this second
edition have¢ not yet been adopted by the European Commissien. Furthermore, while the IEEE has
published similar standards for public and occupational exposure, these have not been adopted wjithin
legislation ¢r guidance issued by known regulatory bodies. If and when changes are made t¢ the
recommended or required public exposure reference levéls, they will be considered as a basis for the
revision of immunity test levels in a subsequent revisign-of this document.

As part of the development of this second edition, a ré-assessment of the maximum achievable imm
of current geéneration devices to EMI for frequencies below 10 MHz was initiated in 2015. Initial r¢
indicate thaf the industry as a whole does not,yet achieve immunity that would be consistent wit
ICNIRP 2010 or IEEE C95.1/C95.6 guidelines for general public reference levels over the entire ran
frequenciesiit specifies.

inity
sults
h the

ge of

Additionally
with EAS sy
unexpected

Based uporn
requiremen
concerning

Sensing reg

, ongoing in vitro tests-by manufacturers of current generation devices in conjun
r'stems continues to 'show the potential to interfere with intended operation. This i
as some of these-systems have emissions at or near the ICNIRP 2010 reference levels.

all of the ocownsiderations above, the working group has not changed the imm
s for frequencies up to 10 MHz, based upon either regulatory considerations or consg
bpecificknown emitters.

ions for implantable pacemakers and ICDs (Zone 1): This region is particularly sens

for implantd

ction
5 not

inity
nsus

itive

blepacemakers and ICDs. Fundamental frequencies or modulation formats in this r¢

bgion

have a significantly greater likelihood to interfere with pacemakers and ICDs.

EMF levels below filter response (Zone 2): In this region, continuous exposure to an EMI source
is unlikely to have an effect on implantable pacemaker or ICD operation and is of nominal concern for
emitter manufacturers.

EMF level above filter response (Zone 3a): In this region, the EMI source can cause an ICD to deliver
inappropriate high-voltage therapy or reversion to asynchronous pacing in implantable pacemakers
or implantable defibrillators. Asynchronous pacing at a fixed rate can result in competitive rhythms
with intrinsic cardiac activity, and long-term use of this modality is not always clinically appropriate. In
general, the interfering signal should be unmodulated, or the modulation frequency should not be in the
range of 1 Hz to 1 000 Hz (1 kHz). Exposures to those levels should be infrequent and transient, lasting
a matter of seconds. Although longer exposures of pacemakers are not necessarily unsafe, they can
deny the patient the optimal therapy, and such exposures should, therefore, be minimized. In the case
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of rate-responsive pacemaker or implantable defibrillators, such exposures can cause the device to shift
to the upper tracking rate. Furthermore, in the case of ICDs, an unwanted therapy might be delivered
or a needed therapy might be withheld. The generally accepted advice for Zone 3a is for the patient (in
the absence of other advice from their physician) to limit exposure duration to a period on the order of
10 seconds or less. Manufacturers of Zone 3a emitter equipment that is not readily recognizable by the
public are encouraged to provide informational signage to inform pacemaker and ICD patients of the

exist

ence of an EM field to allow them to minimize their exposure time.

EMF level above filter response (Zone 3b): In this region, the operation of the device is unknown,

but no permanent malfunction will affect the implantable pacemakers or ICDs. In this region, exposure
should be infrequent and short-term (lasting a matter of seconds). It should be noted that when the field
is refnoved, the device functions as 1t did belore exposure without rurther adjustment.

EMF]
maxi
devig
Ther
impld
warf
appr

It is

whic
ment
of th
spec
facto
itis 1

 level above tested limits (Zone 4): In this region, the EMI levels are signjficantl

mum exposure levels for which pacemakers and ICDs are typically designed and’testg
e response is not generally known, and there are no guarantees as to any:\level of p

intable pacemaker or ICD could occur. Should such Zone 4 emitter Systems exist,
ing signage is recommended to inform pacemaker and ICD patients so that thd
bpriate preventive actions.

important to understand that pacemaker and ICD devicescfuriction by detecting pe
h could result from a magnetic field coupling with the dmiplanted lead system. Th{
ioned human safety EMF exposure guidelines can allow for duty cycle and rms tim
e emitted signal. In order to assess the likelihood oftinterference resulting from fie
fied with rms or duty cycle averaging, these values need to be corrected either by apy
r of V2, 1/Duty Cycle, or both as appropriate. To‘eénsure the safety of pacemaker and |
ecommended that their exposure be limited to,the frequencies (either as a carrier or

and power levels shown in Figure M.1 and Figurédv.2.

Ifiti
and |
mant
take

5 not possible for an emitter manufacturer to avoid the frequencies and levels shown i
Figure M.2, then emitter manufacturers are strongly advised to consult with pacemg
ifacturers to determine the appropriate EMI mitigation steps that the emitter manufj
to avoid the potential for interference with implantable pacemakers and ICDs.
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e is also a small but very real possibility that reprogramming or permanent damage to the
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Figure M.l — Comparison of induced voltages resulting from ICNIRP and IEEE H-field gengral
public reference levels and the test limits of this document
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Figure M.2 — Comparison of magnetic field general public reference exposure valyies from
ICNIRP and IEEE with equivalent magnetic field immunity from ISO 14117
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Annex N
(informative)

Connections to DUTs having ports with more than two electrode

connections

N.1 Intrdg

In 2010, the|
multiple ele
generation (

NOTE1 Fqg
connector st{

The purpos
described iy
connector ¢

In the next
of examples|
setups desc
series of ex4

NOTE2 By
dramatically
switching th
electrode arn
be considere

N.2 New

The tip/rin
considering
been develo

A generic elg

The typ

duction

standard ISO 27186[3Z] was published. That standard specifies connectors for|léads
ctrodes in both low and high-voltage applications (IS-4 and DF-4). Since that time, 3|
fleads and devices have emerged that incorporate the requirements of ISO\27186.

r the purposes of this annex, the term port is equivalent to a connector cavijty as specified in re
ndards[351(36],

b of this annex is to give guidance to manufacturers for extending the required te
| this document to devices incorporating 1S-4 or DF-4 conrectors, or, more generally]
hvity having any number of possible electrode connections:

subclause, a new nomenclature is introduced to address multi-polar ports. Next, a
is provided showing application of the nomenclature. In the last two subclauses, thg
ribed in this document are generalized in ordek to be applicable to multi-polar poj
mples is also provided.

' increasing the number of electrodes of oné-port the number of test combinations can inc
However, in some cases the effective EMIMmpact on a device does not vary significantly

ay). The specific combinations of electrode connections and tests for multi-polar connectors s
| as part of the risk assessment required by 27.1 of ISO 14708-1:2014..

nomenclature of ports and electrodes

b nomenclature originally developed for this document does not work properly {

the case of multi-polar leads/devices. For this reason, a new electrode nomenclatur
ped and is des€ribed in this annex.

ectrode is-identified by the following elements:

e of electrode: ‘L’ for low-voltage, ‘H’ for high-voltage

with
new

lated

sting
toa

eries
test
ts; a

rease
when

e injection points of a multi-polar porti(fer example, by permuting the bipolar pair across anf IS-4

hould

when
b has

The dev

icéport to which the electrode is connected

electrodes are numbered such the most proximal has the highest number

The actual electrode position within the port, where 1 is the most distal electrode, and the proximal

Figure N.1 below shows an example device, containing all the standardized ports (IS-1, [S-4, DF-1, DF-4).

Ly

H

p.e’

where:

Suffix p

Suffix e

104

e refers to a generic low voltage electrode

refers to a generic high-voltage electrode (cardioverter defibrillation)

refers to the port

refers to the electrode position on the lead (1 = most distal, cf. Figure N.1)
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P, port1; RV DF-4 in the example figure

P, port 2; RV DF-1, SVC DF-1 in the éxample figure

P; port 3; RVIS-1, RAIS-1, LV ISt1)in the example figure
Py portN; LV IS-4 in the example figure

g [ED case

NOTE1 In the figureabove, the port numbering is for illustration purposes only.

NOTHE 2 The new nomenclature can be reduced to the simpler case of a bipolar IS-1 port, where the tip
corrgsponds toselectrode number 1 and the ring to the electrode number 2.

NOTE 3 A _The figure does not depict an actual CIED and is shown for illustration purpose only.

Figure N.1 — Schematic representation of ports and electrodes for a generic multi-port
multi-polar device; the order of the ports, and electrodes in each port shown in the picture is
arbitrary

N.3 Examples of application of the nomenclature to typical DUTs
Figure N.2 depicts a dual-port CIED where:
— port 1: IS-1 connected to RV chamber
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— Ly, =ring

port 2: IS-1 connected to RA chamber

— L,,=ring
-L T
P1 1,1 1
B L1 2 R
/ - ]
Pz 2,1 T 2
-L,, R
-8
Key
P, port1:I§-1 connector
P, port2:I§-1 connector
g  CIED case
T  tip electijode (distal)
R  ring elecfrode (proximal)
1 RV cavity
2 RA cavity
NOTE The order of stacking ports is arbitrary and does not reflect the actual position of the cavities jn the
device headef.
Figure N.2 — Example of DR pacemaker device according to the new nomenclature
Figure N.3 depicts a multifport CIED where:
— Port 1: DF-1 connected to RV coil
—_— Hl,l = RV
— Port 2: DF-1 connected to SVC coil

106

— H,,;=SVC

Port 3: IS-1 connected to RV chamber
— Ly =tip

— L3, =ring

Port 4: IS-1 connected to RA chamber

— Lyy=tip
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— Ly, =ring
— Port 5: IS-1 connected to LV chamber
—_— L5,1 = tlp

— Lg, =ring

/
-L T
31
P, 3
Ly, R
-L T
4,1
P, 4
-Ly, R
-L T
51
P 1L 5
5,2 R
-8

Key
P, port 1: DF-1 connector
P, port 2: DF-1 connector
P;  port 3:1S-1 connector
P, port4:IS-1 connector
P port 5:1S-1 cenhéctor
g CIED case
RV RV defibrillation coil
SVC BVC€defibrillation coil
T ip electrode (Hich])
R ringelectrode (proximal)
1 RV defibrillation cavity
2 SVC defibrillation cavity
3 RV cavity
4 RA cavity
5 LV cavity
NOTE The order of stacking ports in the picture is arbitrary and does not reflect the actual position of the

cavities in the device header.

Figure N.3 — Example of DF-1 CRT-D device according to the new nomenclature
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