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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the Subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14117 was prepared by Technical Committee ISO/TC 150, Implants for surgeky,) Subcommittee $C 6,
Active implants.

ISO 14117 is pased on ANSI/AAMI PC69:2007. The relationship between the documents is addressed in A.2.4.
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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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The potential for emitter equipment to interfere with active implantable cardiovascular devices is
depepds on the following factors:

complex and

:Lequency contentof\the emitter,
odulation fotmat,
power of\the signal,

proximity to the patient,

coupling 1actors, and

duration of exposure.

Devices within the scope of this International Standard are life-sustaining and are designed to sense low-level
physiological signals (as low as 0,1 mV) that have frequency content up to several hundred Hertz. For patient
safety and comfort, these devices are small, offer many therapeutic features, and have a long battery life. These
highly desired features, combined with the intrinsic functionality, limit the size and number of components and
thus place practical constraints on the capability to control electromagnetic interference (EMI).

An emitter with a fundamental carrier frequency up to several hundred Hertz has the potential to be sensed
directly by the pacemaker or ICD. Also, higher-frequency carriers that are modulated up to several hundred
Hertz and that have sufficient proximity and power may be sensed by the pacemaker or ICD.

Additional details regarding this issue can be found in Annex M.

© 1SO 2012 — All rights reserved
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This International Standard addresses the EM compatibility of pacemakers and ICDs up to 3 000 MHz and is
divided in several sections.

a) O0Hz<f<450 MHz

In the lower-frequency bands (<450 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 may 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 wir(LIess service in the ultra-high-frequency and very-high-frequency bands;

— magnetic levitation rail systems;

— radio-frgquency (RF) medical procedures, such as high-frequency surgery and ablationtherapy;
— metal dgtectors;

— magnetic resonance imaging; and

— experimental use of transponders for traffic control.

b) 450 MHz < f <3 000 MHz

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

Two decade$ ago, relatively few pacemaker patients used:hand-held transmitters or were exposed tp EM
fields from gortable transmitters. Hand-held, frequency-modulated transceivers for business, public spfety,
and amateur|radio communications represented the predominant applications. However, the environmerjt has
changed rap|dly during the past 15 years, with wireless phone systems becoming increasingly common as this
technology mpatured and received widespread public’acceptance. Thus, it is becoming increasingly likely fhat a
large portion|of the pacemaker and ICD patient.population will be exposed to EM fields from portable wirgless
phone transmitters operated either by themselves or by others. Also, it should be expected that the wirgless
volution will continue to evolve:hew applications using increasingly higher microwave frequencies.

Most electronic equipment, including-éxternal medical devices, has been designed for compatibilityl with
-amplitude EM conditiens. Recognizing the wide range of EM environments that patients fould
encounter, implantable devices-have been designed to tolerate much higher-amplitude EM conditions| than
most other electronic products."However, in some instances, even this enhanced immunity is not suffici¢nt to
achieve compatibility with\the complex electric and magnetic fields generated by low-power emitters logated
within a few gentimetres, 0f the implantable device. Studies in the mid-1990s demonstrated that some mpdels
of pacemakdrs and<4C€Ds 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 intéraction with implantable devices, this approach is not viewed as an optimum long-term solption.
Rather, impr Toitity T ] i ] i Teless
services with minimal operating restrictions.

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

— smaller wireless phones,
— the introduction of digital technology, and
— 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.
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Since 1994, reported studies have indicated that interference effects in pacemakers are more severe from
digital phones than from analog phones. As of September 2010, there were more than 5 billion digital
subscriptions worldwide.

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 pacemakers and ICDs.

For frequencies of 450 MHz < f <3 000 MHz, this International Standard specifies testing at 120 mW net power into
a dipole antenna to simulate a hand-held wireless transmitter 15 cm from the implant. An optional characterization
testis described that uses higher power levels to simulate a hand-held wireless transmitter placed much closerto the
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Active implantable medical devices — Electromagnetic
compatibility — EMC test protocols for implantable cardiac
pacemakers, implantable cardioverter defibrillators and cardiac

res
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2 Normative references
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NOTH

normatively reference this standard.

3 1

For the purposes of this'decument, the following terms and definitions apply.

341

impIIntabIe pacemaker

activi

3.2

PPN -\
CUNTE

nternational Standard specifies test methodologies for the evaluation of the electromagnetic
) of active implantable cardiovascular devices that provide one or more therapies for
cardia and cardiac resynchronization.

cifies performance limits of these devices, which are subject to interactions with EM emitt
s the EM spectrum in the two following ranges:

Hz < f <450 MHz;
}50 MHz < f <3 000 MHz

International Standard also specifies requirements for the ‘protection of these devices frg
Lintered in a therapeutic environment and defines their required accompanying documentati
facturers of EM emitters with information about their expected level of immunity.

b are currently no standards normativelyxfeferenced within this International Standard. Ho
ns are likely to include normative references as new emitters or test methods are identified.

It is also expected that future revisions of the related product standards ISO 14708-2 and IS

'lerms and definitions; symbols and abbreviations

implantable medical device intended to treat bradyarrhythmias, comprising an implantable D

implantable cardioverter defibrillator

compatibility
bradycardia,

ers operating

m EM fields
pn, providing

wever, future

D 14708-6 will

UT and leads

ICD

active implantable medical device intended to detect and correct tachycardias and fibrillation by application of
cardioversion/defibrillation pulses to the heart, comprising an implantable DUT and leads

3.3

implantable cardiac resynchronization therapy pacing device
CRT-P

active implantable medical device intended to provide improved ventricular activation to optimize cardiac
output, comprising an implantable DUT and leads
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34
implantable
CRT-D

cardiac resynchronization therapy/defibrillator device

active implantable medical device intended to detect and correct tachycardias and fibrillation by application
of cardioversion/defibrillation pulses to the heart, and to provide improved ventricular activation to optimize
cardiac output, comprising an implantable DUT and leads

3.5

inhibition generator
equipment that generates a simulated heart signal for devices within the scope of this International Standard

3.6

harm
physical inju

[ISO/IEC Gu

3.7
maximum p
condition wh

programmed
NOTE 1 TH

NOTE 2
sensitivity of

S¢

NOTE3 A
only temporar
implantation.
not intended t

Table 1 show

y or damage to the health of people, or damage to property and environment

de 51:1999, definition 3.3]

ermanently programmable sensitivity
ere the sensing channels of an ICD or pacemaker are set, either automatically by the dev
by a clinician, to detect the lowest amplitude signals

ese settings are intended for use without direct medical supervision.

nsitivity settings are usually expressed in terms of the minimum veéltage that can be sensed. Theref]

1lmV is actually more sensitive than a setting of 2mV.

AIMD may have settings, including those for sensitivity~that by design of the device or its softwar|
ily available for use during diagnostic testing (such as“during manufacture) or for testing at the ti

b be encompassed by the testing herein.

s acronyms and abbreviations used in this‘International Standard.

Table 1 — List of acronyms and abbreviations

ce or

pre, a

e, are
me of

buch settings are therefore unavailable for use by patients when not under immediate medical care apd are

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 Committee for Electrotechnical Standardization
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
2 © 1S0 2012 — All rights reserved
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Table 1 (continued)

Acronym or abbreviation

Description

EM electromagnetic

EMC electromagnetic compatibility

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

ICNIRP International Commission on Non-lonizing Radiation Prgtection
IEC International Electrotechnical Commission

IEEH Institute of Electrical and Electronics-Engineers

A wavelength

NAS|PE North American Society of Pacing and Electrophysiology
NP net dipole power (m\W)

o.d. outside diameter

Qcm measure of resistivity (Ohm-cm)

PCS personal cefnmunication services

PVARP post ventricular atrial refractory period

RF radiefrequency

RFIQ radio-frequency identification

rms root mean square

RP reflected dipole power (mW)

RPdBm reflected dipole power (dBm)

SMA subminiature “A”

Tshs simulated heart signal interval

\% ventricular

VF ventricular fibrillation

VSWR voltage standing wave ratio

VT ventricular tachycardia
NOTH Throughout this International Standard, DUT has been used to designate all devices within th¢ scope of this
Intern ertai irement applies only to a specific type of device that desighation is used.

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

4.1

General

Implantable pacemakers, ICDs and CRT devices shall not cause any harm because of susceptibility to electrical
influences due to external EM fields, whether through malfunction of the device, damage to the device, heating
of the device, or by causing local increase of induced electrical current density within the patient.

© 1SO 2012 — All rights reserved
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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.

documentation as not meeting the requirements of 4.4 and 4.5.2.1.

documentation as not meeting the requirements of 4.5.2.2.

NOTE 1

preset by the manufacturer should be tested completely.

NOTE2 If
g/l saline bath
in each test sq

NOTE3 M
include a deta|

NOTE 4 Sq
for the tests tg

NOTES5  TH
additional phy]
sensors are u

4.2 Induc

4.21

The DUT sh
induced elec

4.2.2 Pace

Test equipn
Figure D.1 3
nominal 1 M¢

Test signal:

Test signal 1
over the ran
well-spaced
least 60 s pe

Genelral considerations

he case of the DUT is covered with an insulating material, the DUT (or part of it) should be immersed
held in a metal container; the metal container should be connected directly to the test circuit-as ‘appl
t up.

bnufacturers that use an automatic gain control function (or similar feature) for sensing purposes 9
led test method.

me of the tests described in the following sections may require modifications of-the testing fixtures to

be applied to devices having three or more channels, e.g. CRT-P and CRT-D:

siological sensors may be turned off during testing unless otherwisSe specified. Tests for these add
hder consideration.

pd lead current

bl be constructed so that ambient EM figlds are unlikely to cause hazardous local increag
trical current density within the patient:

makers and CRT-P devices

nent: Use the test setup defined in Figure 2; the tissue-equivalent interface circuit defin
nd Table D.1a; the low-pass filter defined by Figure D.4; two oscilloscopes, input impeg
[); and test signal generators, output impedance 50 Q.

Two forms of test’sighal shall be used.

shall be a sifwusoidal signal of 1 V peak-to-peak amplitude. The frequency shall be either §
e 16,6 Hz.t0 20 kHz at a rate of 1 decade per minute or applied at a minimum of four dig
frequencies per decade between 16,6 Hz and 20 kHz, with an evenly distributed dwell timg
r decade.

For pacemakers and CRT-P devices: those settings that the manufacturer specifies in the accompanying

For ICDs and CRT-D devices: those settings that the manufacturer specifies in the accompanying

This does not mean that all combinations of settings are tested, but at least the setting to which the device is

ina9
cable

hould

allow

e following tests are generally intended to address the compatibility ofithe intracardiac signal sensing. Any

tional

es of

ed in
ance

wept
tinct,
of at

Test signal 2

shall be a sinusoidal carrier signal, frequency 500 kHz_with continuous amplitude madulat

on at

130 Hz (double sideband with carrier) (see Figure 1).

V=2V

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=—P" 100

Vpp +Vv

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.

Oscilloscope

—

The i
filter
be sv

The ¢
low-fi

NOTH
stimu

The pacemaker or CRT=PZshall be categorized into one or more of four groups as appropriate:

JR— 3

4

— multichannelfunipolar devices shall be Group b);

—_— 9

J

® 1
L
! Oscilloscepe
D
o o
Tissue
S equivalent @c
est signa interface @ J ? T
generator -
®C K 7
0
Filter
® A B@

Figure 2 — Test setup for meastirement of induced current

hduced electrical current is measured by the.@scilloscope connected to test point K through
as defined in Figure D.4), as shown in Figure 2. When test signal 1 is being used, the low-pa
itched to bypass mode.

the low-pass
ss filter shall

apacitor Cx of the interface circuit (see Figure D.1) shall be bypassed unless required to eliminate spurious

equency signals produced by the.interference signal generator (see Annex E).

1 It is not mandatory that'a_current measurement be made in the period from 10 milliseconds (m
ation pulse to 150 ms after the stimulation pulse.

ingle-channekunipolar devices shall be Group a);

inglesehannel bipolar devices shall be Group c);

5) preceding a

— multichannel bipolar devices shall be Group d)

NOTE 2  The bipolar channel should be tested in unipolar or bipolar mode, or both, according to the prog
the device and should be changed where applicable.

rammability of

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 J connected to the case.

© 18O
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1

F

DUT
G

J ®

L

Figure 3 — Connection to a single-channel unipolar device

Group b): every mput/ouiput of the shall be connecied, n turn, 10 the coupled ouipuis F an f the
tissue-equivalent interface (as shown in Figure 4), with output J connected to the case.

—_®_}
F @—
G ®—
J ®

[]

DUT

3

Figure 4 — Connection to a multichannel unipolar device

Group ¢): common mode performance shall be tested with the 'BUT connected to the outputs F and G ¢f the
tissue-equivalent interface (as shown in Figure 5), with outputJ connected to the case.

G@®—
J ®

|

DUT

¢

Figure 5 — Comimon mode connection to single-channel bipolar device

Differential mode performance shall be tested using the test signals reduced to one-tenth amplitude| The
pacemaker ghall be connécted between the coupled outputs F and G and the output J of the tissue-equiyalent
interface (as|shown_in Figure 6).

F @t

G ®&—
JoE—

Figure 6 — Differential mode connection to single-channel bipolar device

Sl

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 J

connected to the case.

6 © 1S0 2012 — All rights reserved
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:
|

DUT

L

Differential mode performance shall be tested using the test signals reduced to one-tefthamplitude. Every
input|and output of the pacemaker shall be connected, in turn, between the coupled autputs F apd G and the
output J of the tissue-equivalent interface (as shown in Figure 8).

=== <l
@_

G

Figure 8 — Differential mode connection to multichannel bipolar device

The ¢urrent (root mean square, or rms).shall be determined by dividing the peak-to-peak voltage reading on
the opcilloscope, connected to test point-K by 232 Q for test signal 1. For test signal 2, the measurgment will be
taker] with a true rms voltmeter confected to test point B (at the filter output) and divided by 82 ).

Compliance shall be confirmed-if:
— for test signal 1, the measured current is not greater than that specified in Table 2; and

— for test signal 2¢the’current at modulating frequency of 130 Hz is not greater than 50 pA rmg.

Table 2 — Spurious injection current limits

I Current rms
16,6 Hz < f <1 kHz 50 uA
1 kHz < f <20 kHz 50 pA x f/1kHz

4.2.3 ICDs and CRT-D devices

4.2.3.1 Test requirements

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

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

NOTE 1 Care needs to be taken that the test signal generator does not itself produce low-frequency components
(see Annex E).

© 1S0O 2012 — All rights reserved 7
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Test signal 1 shall be a sinusoidal signal of 1 V peak-to-peak amplitude. The frequency shall be either swept
over the range 16,6 Hz to 20 kHz at a rate of 1 decade per minute or applied at a minimum of four distinct,
well-spaced frequencies per decade between 16,6 Hz and 20 kHz, with an evenly distributed dwell time of at

least 60 s pe

r decade.

Test voltage 2 shall be a sinusoidal carrier signal, frequency 500 kHz, with continuous amplitude modulation at
130 Hz (double sideband with carrier) (see Figure 1).

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

Vg =y
M =—PP—00
Vop [tV
Test procedure: The test signal generator shall be connected through input C of the interface circ
shown in Figlure 2. The test voltage shall be measured on the oscilloscope connected to test point D.
The measuring oscilloscope shall be connected to test point K of the interface circuit through the low

filter (see Fid
switched to N

The capacito
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4.2.3.2 Measurement of current injected through sense/pace terminals
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not being tes
value R > 10
with high-vol

Bipolar sens

Common mo

ure D.4) as shown in Figure 2 . When the test signal 1 is being used, the“low-pass filter sh
ypass mode.

r Cx of the interface circuit (see Figure D.1) shall be bypassed unless.required to eliminate spy
y signals produced by the interference signal generator (see Anhex E).

s not mandatory that a current measurement be made in the period from 10 ms preceding a stimy
s after the stimulation pulse.

bll be set to the factory settings (nominal or as regommended by the manufacturer) durin
hyarrhythmia therapy functions of the DUT shall be inactive during the test, and the high-vg
any, shall not be charged.

Take care to ensure that the high-voltage capacitors are discharged. Failure to use

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

Sue-equivalent interfacecircuit defined in Figure D.1 and Table D.1a. If the DUT offers multich
hg, every input or.output of the ICD shall be tested in turn. Any sense/pace terminal of the
ted shall be connected to the equivalent terminal of the channel under test through a resig
kQ as specified*by the manufacturer (for safety, cardioversion/defibrillation terminals are Ig
age 50 Q, 25°W resistors, R|).

b/pace DUTs shall be tested in two configurations.
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to the output

- and G of the tissue-equivalent intertace (as shown In Figure Y) and the case connecied 1o out

put J.
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Figure 9 — Common mode connection to multichannel bipolar device

ential mode performance shall be tested using test signals 1 and 2 reduced to one-tenth ar
b/pace terminals of the channel under test shall be connected between the ceupled outputs
utput J of the tissue-equivalent interface (as shown in Figure 10).

Figure 10 — DifferentiaFmode connection to multichannel bipolar device

current (rms) shall be determined by dividing the peak-to-peak voltage reading on the
bcted to test point K threugh the low-pass filter (as shown in Figure D.4 in bypass mode) by 3
| 1. For test signal 2;.the measurement will be taken with a true rms voltmeter connected t
e filter output in filtermode) and divided by 82 Q.

natively, a truésms voltmeter with input impedance > 1 MQ may be used to determine the rmg
hg shall be.accurate to + 10 % within a bandwidth of the measured frequencies.

3 Measurement of current injected through cardioversion/defibrillation terminals

nplitude. The
F and G and

oscilloscope
P32 Q) for test
b test point B

current. The

e

SI 4 45 F'H H ] P £, H H PN P ol . N4 2l Ll ImW N
e ebl UIT UooutT=Tyuivaictit mnocriactt vircurt ucimnicu nri IUUIC . 1T daiiud TdauiC U.TU.

The sense/pace terminals shall be loaded with resistors R of 500 Q2 + 5 %. For a multichannel sensing/pacing
device, the sense/pace terminals shall be connected through resistors R of > 10 kQ2, as shown. The manufacturer
shall be free to choose the value of the resistors that are appropriate for the device under test. If the ICD has
more than two cardioversion/defibrillation terminals, the terminals not being tested shall be loaded with 50 Q,
25 W resistors and connected to one of the terminals under test through a resistor R > 10 kQ.

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.
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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 output J.

NOTE

If the case of the DUT is an active terminal, no common mode test is required.

F @—

b———

G (@&—

LR b
________ /’_
___ISL____:___II ______ '
AL
DUT

J @

Figure 11 — Common mode connection for cardioversion/defibrillation terminals

Differential mode performance shall be tested with the cardioversion/defibrillation terminals connected betiveen

the coupled putputs F and G and the output J of the tissue-equivalent interface (as shown in Figure 12).

Fi

I7=)

F (®—e
G (&—

NI —

ure 12 — Differential mode connection for cardioversion/defibrillation terminals

If the DUT has more than two eardioversion/defibrillation terminals, the test is performed on each phir of

terminals in furn.

The current ig determined by.dividing the peak-to-peak voltage reading on the oscilloscope connected to tesfpoint
K through thg low-pass filter (as shown in Figure D.4) by 133 Q for test signal 1. For test signal 2, the measurgment

will be taken with a true.rms voltmeter connected to test point B (at the filter output) and divided by 47 Q.

Alternatively, a true' rms voltmeter with input impedance > 1 MQ can be used to determine the rms curren{. The
reading shalll b€ accurate to + 10 % within a bandwidth of at least 20 kHz.

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.

10
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Table 3a) — Spurious injection current limits for sense/pace terminals

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

Table 3b) — Spurious injection current limits for cardioversion/defibrillation terminals

f Current rms

oo ll L 4 lcll LSO A
OO T 1 = T K1z A SIA

50 pA x f/1kHz

4.3 |Protection from persisting malfunction attributable to ambient electromagnetjc fields

4.3.1| General requirements

The DUT shall be constructed so that ambient EM fields are unlikely to ealse malfunction of the DUT that
persists after the removal of the EM field.

NOTH The following test is intended to address the compatibility ofhevintracardiac signal sensing. Any additional

physiplogical sensors may be turned off during testing unless otherwis€ spécified. Tests for these additionpl sensors are
under| consideration.

4.3.2] Pacemaker and CRT-P devices

4.3.2|11 Malfunction due to electromagnetic interference in the frequency range of 16,6 Hz|to 10 MHz

Testequipment: Use the test setup in Figure*(3, the tissue-equivalent interface circuit defined bly Figure D.2;
two gscilloscopes, input impedance nominali®-MQ; and a test signal generator, output impedancg 50Q.

Testfignal: The test signal shall be a continuous sinusoidal signal that shall be either swept over the frequency
range¢ of 16,6 Hz to 10 MHz at a rate of 1 decade per minute or applied at a minimum of four distinct, well-
spaced frequencies per decade with an evenly distributed dwell time of at least 60 s per decade.

The fest signal amplitude forunipolar and common mode test shall be as shown in Table 4.

Tabled — Peak to peak amplitudes J}5p in the range 16,6 Hz to 10 MHz

S

Vop

16,6 Hz < /< 20 kHz

1V

20 kHz < /<140 kHz

1V * (f120 kHz)

140 kHz < /< 10 000 kHz

7V * (f1140 kHz) 0.1624

Differential mode performance shall be tested using the test signal reduced to 10 % amplitude of the
common mode test.

Test procedure: The test signal generator shall be connected through input C of the interface circuit (as
defined 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.

© 18O
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Figure 13 — Test setup to check for induced malfunction

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

— multichgnnel unipolar devices shall be Group b);

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

— multichgnnel bipolar devices shall be Group d).

NOTE A [bipolar channel should be tested in all possible-modes (unipolar, bipolar, or both), according fo the
programmabil|ty of the device.

Group a): the DUT shall be connected to the coupled outputs H and | of the tissue-equivalent interfade (as
shown in Figure 14), with output J connected tothe case.

—

H
| DUT

i S

Figure 14 — Connection to a single-channel unipolar device

Group b): everyZinput and output of the DUT shall be connected in parallel to the paired, coupled outputs F and
G and H and | of the tissue-equivalent interface (as shown in Figure 15), with output J connected to the case.

y—
iy

Figure 15 — Connection to a multichannel unipolar device
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Group c): common mode performance shall be tested with the DUT connected to the outputs H and | of the
tissue-equivalent interface (as shown in Figure 16), with output J connected to the case.

- A
@ DUT
e/

J ®

Figure To — Common mode connection to a single-channel bipolar device

Diffefential mode performance shall be tested with the DUT connected to the coupled oufputs H and | and the

outpyt J of the tissue-equivalent interface (as shown in Figure 17).

|

H
DUF

|
J @©——

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

nected to the

b d): common mode performance shall be tested by-every input and output of the DUT being cor]
d to the case.

ts F, G, H, and | of the tissue-equivalent interface'(as shown in Figure 18), with output J connecteg
F @—‘
G ®
H.®

' ® DUT

o\

Figure/18 — Common mode connection to a multichannel bipolar device

Grou
outpy

7

Diffefential made performance shall be tested with every input and output of the DUT being conngcted, in turn,
between the-coupled outputs H and | and the output J of the tissue-equivalent interface (as shown |n Figure 19).
Any terminal of the DUT not being test hall nnected to th ivalent terminal of the channel under
test through a resistor of value R > 10 kQ.
F®
| R ]
G®
H
| ® DUT
J ©@——
Figure 19 — Differential mode connection to a multichannel bipolar device
13
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Compliance shall be confirmed if, after application of the specified test signal, the DUT functions as it did
before the test without further adjustment.

4.3.2.2 Malfunction due to electromagnetic interference in the frequency range of 10 MHz to 450 MHz

Test equipment: Use the test setup shown in Figure 21; the tissue injection network defined by Figure D.5; an
oscilloscope (#1), input impedance 50 Q, accuracy of + 10 % within a bandwidth of at least 450 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 20 . The carrier shall
be amplitude modulated with a 130 Hz sinusoidal wave to create modulation bursts of 100 ms duration. The
burst-to-burgtT i i i st-to-
burst interva

y 4y

, T, of the modulated signal shall be set to 700 ms + 50 ms.

Figure 20 — Test signal for frequencies between 10 MHz and 450 MHz

The modulatjon bursts shall start and terminate at‘zero crossings of the modulation signal, thus the envglope
starts and tefminates continuously. The burst ¢ount is 13 complete modulation cycles. The modulation ipdex,
M, shall be 96 %, where:
Voo Vv
M=-LPL_*100
Vpp + v
NOTE1  The peak-to-peak arbplitude of the test signal, Vpp, cannot be measured directly at any connector pf the

injection netw!
factor, m, of A

Test proced
generator sh
signal gener

brk during the test, Therefore, itis calculated from the voltage at connector D, V,s¢, by applying the calib
hnex F.

ure: Prierto any testing, calibrate the setup using the procedure in Annex F. The test
all bé>connected to the injection network through input C as shown in Figure 21. The
ptor shall be adjusted so that the test signal amplitude measured on oscilloscope #1 conn

to monitoring

ration

ignal
test
bcted

h naint D (1 )\ whon multinlied hyv the calihration factar for the inicction netwaork dotord
PETTTETETNTUSL) TR TR IT =y T ekl o bl A D A L R | SrETTTTTEREY Ty TR

hined

according to

the method of Annex F, is equal to the required test signal amplitude, Vpp.of 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 450 MHz (e.g. 10, 20, 40, 60, 80, 100, 200, 400, 450), 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 amp

NOTE 2

litude of the open-circuit voltage driving the outputs (F, G) of the injection network.

If an rms voltmeter is used during calibration procedure and testing at monitoring point D, then the test value shall

be 53 % of the calibration value, to provide a nominal modulated test amplitude of 14 V5, (open circuit) at outputs F and G.

14
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Oscilloscope E K
D Test signal Injection network
generator ®F
@ ——®c |
O ? ®G
=
@ D E' K:
L s-e

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

Conrjections between outputs F and G and the DUT shall be by copper straps, width > 5 pamy lerjgth <50 mm
(not ihcluding the length of the standard connector pin inserted into the device header), ‘Unused|ports on the
injecfion network shall be fitted with 50 Q terminations.

Unipplar devices shall be connected to output F of the injection network (as“shown in Figufe 22), using
appropriate RF techniques for all connections. Each channel of a multichannel device shall be tested in turn,
and gny channel not under test shall be turned off and loaded with 500 Q lead resistors (RL).

. LR el .
®
DUT

Figure 22.——Connection to a unipolar device

Bipol]ar devices shall be connectedito outputs F and G of the injection network (as shown in Figdre 23), using
appropriate RF techniques for,all_ connections. Each channel of a multichannel device shall be tested in turn,
and 4ny channel not under test-shall be turned off and loaded with 500 Q load resistors (RL).

Figure 23 — Connection to a bipolar device

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

4.3.2.3 Malfunction due to electromagnetic interference in the frequency range of 450 MHz to 3000 MHz

Test: The DUT shall be subjected to the test procedure of 4.9.3.2 “optional characterization” of this International
Standard (without device monitoring and recording of DUT performance, which is not required for this test).
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Compliance shall be confirmed if the DUT functions as it did before the test without further adjustment.
4.3.3 ICDs and CRT-D devices
4.3.3.1 Malfunction due to electromagnetic interference in the frequency range of 16,6 Hz to 10 MHz

4.3.3.1.1 Test equipment and signal

Test equipment: Use the tissue-equivalent interface circuits defined by Figure D.2 and Figure D.3; two
oscilloscopes, input impedance nominal 1 MQ, < 30 pF, with the oscilloscope connected to test point D (in
Figure 13 or Hgure-26)-shal-have-an-aceuracy-of+30-3cwithin-a-bandwidth-ofFatHeast30-MHz-and-atestgignal

generator, oytput impedance 50 Q.

CAUTION —+ Good high-frequency test procedures should be observed. Modification' of thel test
circuits is alJlowed but electrical equivalence shall be maintained.

Test signal: [The test signal shall be a continuous sinusoidal signal that shall be either sweptover the freqyency
range of 16,6 Hz to 10 MHz at a rate of 1 decade per minute or applied at a minimum of four distinct,|well-
spaced freqyencies per decade with an evenly distributed dwell time of at least 60 s_pef decade.

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

Table 5 — Peak to peak amplitudes }pp in the range(16;6 Hz to 10 MHz

f Vep
16,6 Hz < /<20 kHz 1V
20 kHz < /< 140 kHz 1V * (/120 kHz)
140 kHz << 10 000 kHz 7V * (f1140 kHz) 0.1624

Differential mode performance shall be tested using the test signal reduced to 10 % amplitude df the
common mogde test.

The DUT shall be set to the factory settings (nominal or as recommended by the manufacturer) during thg test.
The tachyarrhythmia therapy functions_6f the implantable DUT shall be inactive during the test, and the jhigh-
voltage capdcitors, if any, shall be discharged.

CAUTION — Take care to ensureé that the high-voltage capacitors are discharged. Failure to use|safe
laboratory practices may result in severe electrical shock, resulting in personal injury or dealth to
the personsg handling the ‘equipment or conducting the test. Also, damage to electrical equipment,
particularly(the tissuesequivalent interface circuits, is likely.

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

Test procedure: Select the tissue-equivalent interface circuit defined by Figure D.2. The test signal gengrator
shall be connected through input C of the interface circuit, as shown in Figure 13. The test voltage shall be
measured on the oscilloscope connected to test point D of the interface circuit. The operation of the ICD can
be monitored by the oscilloscope connected to test point K.

The capacitor Cy 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).

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\ ).

A DUT with bipolar sensing/pacing shall be tested in two configurations.
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Common mode performance shall be tested with the pairs of sense/pace terminals connected to the outputs
F, G, H, and | of the tissue-equivalent interface (as shown in Figure 24) and the case connected to output J.

T®

Figure 24 — Common mode connection for multichannel bipolar devices

Diffefential mode performance shall be tested using the test signal reduced to one-tenth'amplitude. Sgnsing/pacing
chanpels shall be tested in turn. The sense/pace terminals of the channel undertest shall be conneg¢ted between
the cpupled outputs H and | and output J of the tissue equivalent interface (as-shown in Figure 25].

| @— DUT
J (@&——d

Figure 25 — Differential mode connection for multichannel bipolar devices

Compliance shall be confirmed (if,)after application of the specified test signals, the DUT functjons 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/defibyillation
terminals

Test procedure.Select the tissue-equivalent interface circuit defined by Figure D.3. The test sighal generator
shall|be conneeted through input C of the interface circuit as shown in Figure 26. The test volfage shall be
meagured ‘On'the oscilloscope connected to test point D.
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Figure 26 — Test setup to check for induced malfunction attributable to voltages induced or
cardioversion/defibrillation terminals

The capacitor Cy of the interface circuit (see Figure D.3) shall be bypassed unless reduired to eliminate spyrious
low-frequenqy signals produced by the interference signal generator (see Annex‘E).

The sense/pfice terminals shall be loaded with resistors R of 500 Q + 5 % £0r a multichannel sensing/ppacing
device, the s¢nse/pace terminals shall be connected through resistors R of& 10 kQ, as shown. The manufagturer
shall be free[to choose the value of the resistors that are appropriate forthe device under test. If the DUT has
more than two cardioversion/defibrillation terminals, the terminals notbeing tested shall be loaded with $0 Q,
25 W resistofs and connected to one of the terminals under test.through a resistor R.

Common made performance shall be tested with the cardijeversion/defibrillation terminals connected o the
outputs F anfl G of the tissue-equivalent interface (as shows-in Figure 27) and the case connected to output J.

NOTE If the case of the DUT is an active terminal, no common mode test is required.

F @~
GA®—
J ®

Figure 27 — 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 output J of the tissue-equivalent interface (as shown in Figure 28).
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F ®—e
G (@&—
J @—

Figure 28 — Differential mode connection for cardioversion/defibrillation terminLIs

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

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

4.3.3|2 Malfunction due to electromagnetic interference in the ffequency range of 10 MHz|to 450 MHz
4.3.3|12.1 Test equipment and signal

Test|equipment: Use the test setup as shown in Figure30, using the tissue injection network defined by

Figun
450 |

Test
ampl
to-bu
the m

NOTH
inject
factor

© 18O

e D.5; an oscilloscope (#1), input impedance 50 @, accuracy of + 10 % within a bandwid
IHZ; and a test signal generator, output impedance 50 Q.

isignal: The test signal shall be a modulated signal of the form as shown in Figure 29. The c4
tude modulated with a 130 Hz sinusoidal Wave to create modulation bursts of 100 ms duratig
rst interval, 7, shall be measured leading to leading edge (see Figure 29). The burst-to-burst
odulated signal shall be set to 700 ms + 50 ms.

1 The peak-to-peak amplitude.of the test signal, Vpp, cannot be measured directly at any co
on network during the test. Théréfore, it is calculated from the voltage at connector D, V5sc, by applying
m, of Annex F.

th of at least

rrier shall be
n. The burst-
interval, 7, of

hnector of the
the calibration

Figure 29 — Test signal for frequencies between 10 MHz and 450 MHz
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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:

Vop —Vv
M=-FP2__ 100
Vop TV

The amplitude of the test signal (Vpp) is defined as the peak-to-peak amplitude of the open circuit voltage
driving the implantable DUT at the outputs (F, G) of the injection network. The amplitude of the test signal, Vpp,
shall be 14 V. Prior to testing the test set-up has to be calibrated using the procedure in Annex F.

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

Test procedure: Prior to any testing, calibrate the setup using the procedure in Annex F. The test gignal
generator shall be connected to the injection network through input C as shown in Figure 30.7The test gignal
generator shall be adjusted so that the test signal amplitude measured on the oscilloscepe connectgd to
monitoring point D (Vosc) 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-of 14 V. The test gignal
shall be applied at a minimum of six distinct, well-spaced frequencies per decadebeginning at 10 MHz and
ending at 45p MHz (i.e.10, 20, 40, 60, 80, 100, 200, 400, 450) with an evenly distributed dwell time of at{least
60 s per decade.

e ONIO
Oscilloscope & K W
C] Test signal Injection network

generator ®F
@ ——®C¢C ‘

®

\\Fﬂ

IORS)

Figure 30 — Test set-up to check for induced malfunction at high frequency

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

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

a) A DUT yith bipolar sensing/pacing shall be connected to outputs F and G of the injection network (as

shown in Figure31), using appropriate RF techniques for all connections. Each channel of a multichannel
device srjall be tested in turn and any channel not under test shall be turned off and loaded with 500 ¢} load
resistors (RL). Y, joversi iprittati Wi igh-v 25 W

resistors, R as required by the HV therapy configuration.
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bliance shall be confirmed if, after application of the specified test signals, the DUT functio

Figure 31 — Connection of the DUT

or a DUT which uses signals from both sense and cardioversion/defibrillation leads fqg
etection, the manufacturer shall provide details of the test method.

st without further adjustment.

2.3 Malfunction because of electromagnetic interference on the cardioversion/defibi
nals

procedure: Testing is performed as specified in 4.3.3.2.2 with the CARDIOVERSION/D
NALS under test connected to the output F and G ef\the injection network (instead of the pz
NALS, as shown in Figure 31). Any sensing/pacingichannel shall be loaded with 500 Q load
ny CARDIOVERSION/DEFIBRILLATION TERMINALS R6t under test shall be loaded with high-voltag
ors, RL.

bliance shall be confirmed if, after application of the specified test signals, the DUT functio
st without further adjustment.

r arrhythmia

s as prior to

illation

EFIBRILLATION
cing/sensing
resistors (RL)
e 500,25 W

s as prior to

3 Malfunction due to electromagnetic interfernce in the frequency range of 450 MHz to 3 000 MHz

the DUT shall be subjected'to the test procedure of 4.9.3.2 “optional characterization” of this
ard (without device manitoring and recording of DUT performance which is not required for

bliance shall be confirmed if the DUT functions as it did before the test without further adjus

Temporary response to continuous wave sources

The following test is intended to address the compatibility of the intracardiac signal sensing.
blogical sensors may be turned off during testing unless otherwise specified. Tests for these addition

International
this test).

ment.

Any additional
Al sensors are

consideration.

441
quen

Pacemakers’ and CRT-P devices’ response to temporary continuous wave sources i
cy range 16,6 Hz to 167 KHz

n the fre-

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 defined by Figure D.2 and two oscilloscopes, input
impedance nominal 1 MQ, < 30 pF, with the oscilloscope connected to test point D in Figure 32 shall have an
accuracy of = 10 % within a bandwidth of at least 20 MHz; an inhibition signal generator, output impedance
not greater than 1 kQ that provides a simulated heart signal in the form defined by Figure J.1; and a test signal
generator, output impedance 50 Q.
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Test signal: The test signal shall be a continuous sinusoidal signal applied at a minimum of four distinct, well-
spaced frequencies per decade between 16,6 Hz to 167 kHz. For bipolar common mode and unipolar mode tests,
at each selected frequency, the test signal shall be slowly increased from zero to a maximum of 1 V peak to peak.

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

NOTE 1 The test frequencies of 16,6 Hz, 50 Hz, 60 Hz and 100 Hz should be included in the set of predetermined
test frequencies.

Test procedure: The test signal generator shall be connected through input C of the interface circuit as shown
in Figure 32. The test signal shall be measured on the oscilloscope connected to monitoring point D of the
interface cirquit. The operation of the pacemaker is recorded on the oscilloscope connected to monitoring|point
K. If the DUT| is programmable to both unipolar and bipolar sensing polarity, the device shall be tested if] both
sensing polarities.

Oscilloscope
Inhibition
® ? generator
L
= ®
O O Oscilloscope
D E @F
e O
Tissue
Test signal gquivalent G
9 interface ® | ® 1
generator i T
®C K @y L
0 |

Figure 32 — Test setup to characterize:DUT performance while subject to interference

Devices may allow for a number of fixed-pa¢ing sensitivity settings. For this subclause, the manufacturef may
perform the {est 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 df this
subclause. Those settings that result’'in non-conforming test results shall be disclosed in accordance with 7.1.

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

Other parameeters shall be-programmed to values that enable the person conducting the test to observie the
point when the test signal is detected by the DUT.

The test shgll be, performed with the DUT in the pacing mode and in a synchronized mode when it is not
possible to d|stibguish between the uninfluenced and interference modes of operation. If testing is perfornjed in
synchronized mode, the DUT shall be synchronized by a signal from the inhibition signal generator connected
to test point E of the interface (as shown in Figure 32). The amplitude of the inhibition signal shall be set at twice
the value that just synchronizes the DUT under test and the interval shall be 800 ms or 90 % of the programmed
basic pulse interval as shipped, whichever is the shorter. While determining the required amplitude for the
inhibition signal, the test signal shall not be applied.

NOTE 2 Testing in both AAI and VVI mode in lieu of DDD mode is allowed; when testing in DDD mode, ventricular
pacing only is to be verified. See Annex | for testing modes.

The pacemaker shall be categorized into one of four groups as required in 4.3.2 and connected to the tissue-
equivalent interface according to Figure 14, Figure 15, Figure 16 and Figure 17, Figure 18 or Figure 19, as
applicable. Only the ventricular channel needs to be tested when the DUT is programmed to dual-chamber
operation; any other terminal of the DUT shall be connected to the equivalent terminal through a resistor of
value R > 10 kQ, as shown or specified by the manufacturer.
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Compliance shall be confirmed when:

a)

b)

for pacing devices incorporating a defined interference mode:

the pacemaker continues to operate as set while the test conditions are varied as required; or

if, while increasing the test signal amplitude, the device leaves its set mode, then the interference mode
of the device shall be established when the test signal amplitude is increased by no more than 6dB.
When such an increase in applied, test voltage would result in a value exceeding the maximum required
test amplitude (1 Volt for bipolar common mode/unipolar mode; 0,1 Volt for bipolar differential mode); the

t

<)

.

q

NOTH
long-
event
expog

4.4.2

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

CW

The [
betw

Test
impe
+10

1kQ
impe

eliminate spurious low-frequency signalspreduced by the interference signal generator (see Ann

Test
well-
frequ

Diffe
of 0,1

NOTH

ransition to interference mode does not need to be verified;

or all PERMANENTLY PROGRAMMABLE SENSITIVITY settings for which conformity criteria (a) or
chieved, the manufacturer shall provide a warning in accordance with 7.1.

3
erm operation. Such short-term operation is recognized as being clinically acceptablé; with the r
5 increasing with time of exposure. Therefore, interference mode should be considered-necessary f
ure but should not be depended on to support a patient exposed to intentional radiatofs.

ICDs and CRT-D devices

FM fields.

DUT shall be tested without simulated heart signal applied,.unless the heart signal is needed
pben uninfluenced mode and interference mode of operation.

equipment: Use the tissue-equivalent interface circuit defined by Figure D.2; two oscillog
Hance nominal 1 MQ, with the oscilloscope connee¢ted to test point D in Figure 32 shall have a
o within a bandwidth of at least 20 MHz; an infiibition signal generator, output impedance no
that provides a simulated heart signal in the)form defined by Figure J.1; and a test signal gen
Hance 50 Q. The capacitor Cx of the interface circuit (in Figure D.2) shall be bypassed unleg

signal: The test signal shall be a continuous sinusoidal signal applied at a minimum of
bpaced frequencies per decade between 16,6 Hz to 167 kHz. For common mode tests, at ¢
ency the test signal shallbe-slowly increased from zero to a maximum of 1 V peak to peak.

ential mode performance shall be tested using the test signal reduced to one-tenth amplitug
V peak to peak)
1 The testvoltage need not be increased further once the DUT begins to detect the test signal.

2

Test

quencies:

focedure: The test signal generator shall be connected through input C of the interface circui

b) cannot be

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

sk of adverse
lor unforeseen

e of ambient

o distinguish

copes, input
h accuracy of
greater than
erator, output
s required to
ex E).

four distinct,
ach selected

e (maximum

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

, as shown in

Figur: erface circuit.
The DUT shall be set to its MAXIMUM PERMANENTLY PROGRAMMABLE SENSITIVITY. Other parameters shall be
programmed to values that enable the person conducting the test to observe the point at which the test signal
is 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 > 10
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.
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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 | (as shown in Figure 24) of the tissue-equivalent interface (as shown in Figure D.2) and the case
connected to output J.

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 J (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.

NOTE 3  Alfow for testing in both AAl and VVI mode in lieu of DDD mode; see Annex | for testing modes.

If the manufpcturer’s nominal (as shipped) sensitivity setting is less sensitive than MAXIMUM PERMANENTLY
PROGRAMMABLE SENSITIVITY, the DUT shall be reprogrammed to the nominal sensitivity setting, and the entire
test sequende shall be repeated. A report containing the results of the characterization testing defined i this
section shall|be prepared.

Compliance ghall be confirmed by inspection of the manufacturer’s test report.
NOTE 4 Inferference mode is intended for short-term operation for periods of seconds and is not intended for rputine
long-term opgration. Such short-term operation is recognized as being clinically"acceptable, with the risk of adverse

events increaging with time of exposure. Therefore, interference mode should ke ¢onsidered necessary for unforgseen
exposure but $hould not be depended on to support a patient exposed to intentional radiators.

4.5 Prote¢tion from sensing EMI as cardiac signals

4.5.1 Genlral considerations

The DUT shall be constructed so that commonly encountered EM fields are unlikely to change the therapeutic
behaviour of|the DUT.

NOTE D\Lal-chamber devices can be tested in VI and AAI modes or in lieu of DDD mode.

Sensitivity gettings during test (all device types): the DUT may allow for a number of fixed senditivity
settings. Where both unipolar and bipglarsensing are available, both modes should be tested. For this seftion,
the manufacfurer may perform the test.using one or multiple sensitivity settings, and in any order. Howevsr, the
testing shall Ipe used to identify any-PERMANENTLY PROGRAMMABLE SENSITIVITY settings that do not, or would not,
meet the corformity criteria oftthis subclause.

For devices |that have autOmatic gain control in addition to fixed programmed sensitivities, testing af the
automatic gdin controlkmode shall be optional. Where only automatic gain control is available, that mode|shall
be tested an¢l the manufacturer shall provide details of the test method.

Pacemakers and CRT-Ps Forfrequenmes above 1 kHz, the least senS|t|ve settmgs acceptable for compljance
are 2,0 mV sbasiiity-tnthe-unipolarsensing-meds Lsensitivibinthe-bipolarsensing-mods br the
sensitivity as shipped, whichever is the more sensmve

The DUT shall be tested with and without a simulated heart signal. It is essential to determine when the device
responds to EMI. Therefore, device parameters shall be programmed so that it is possible to discriminate when
the device is influenced by EMI. When testing with the simulated heart signal, the generator output shall be set
to amplitude of twice the value that just inhibits the pacemaker. The interval of the inhibition signal shall be 800
ms or 90 % of the programmed basic pulse interval as shipped, whichever is shorter.

ICDs and CRT-Ds: The arrhythmia detection interval shall be programmed to a value greater than the initial
burst-to-burst interval of 350 ms + 25 ms. For frequencies above 1 kHz, the least sensitive setting acceptable
for compliance is 0,3 mV sensitivity, or the sensitivity as shipped, whichever is the more sensitive.
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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.

4.5.2 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 defined by Figure D.2; two oscilloscopes, input
impedance nommal 1 MQ, < 30 pF, W|th the oscnloscope connected to output D of the interface circuit shall

Test|signal:

Test
1 kH4

NOTH

Test
peak:

For t
used

The 4
the p
and

Bipol
comr]

Mod
burst]
ata 2

signal 1: the test signal shall be a continuous sinusoidal wave, with a frequency, %, between
r with peak-to-peak amplitude as shown in Table 6.

bignal 2: the test signal shall be a modulated signal, carrier frequency, 1, between 1 kHz and
to-peak amplitudes as shown in Table 6.

bst signal 2, one of the alternative modulations (modulatien 1 or modulation 2) specified b
as specified by the manufacturer.

mplitude of the test signal (Vpp) is defined as the peak-to-peak amplitude of the open-circuit v
pcemaker at the outputs of the tissue interface. The amplitude of the test signal, Vpp, for the,
he bipolar common mode test shall be a function of the carrier frequency f, as defined by Ta

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

/ Vop

16,6 Hz < A< 1 kHz 2mV
1KHzE J % 3 kHz 2 mV x (f11 kHz)
3 kH2< f < 150 kHz 6 mV x fI1 kHz

ar differential mode performance shall be tested using test signal reduced to 10 % amy
non mode tesk

Lilation 1:the carrier shall be switched to create bursts of approximately 100 ms duration.
intervaly T, shall be measured leading to leading edge (see Figure 33). The burst shall start 3
ero crossings of the carrier, and only complete carrier cycles shall be used (true gated signg

to-by

] ter than 1 kQ,
rowdes a S|gnal of the form defmed by Flgure J. 1 and a test S|gnal generator output |mped

16,6 Hz and

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

150 kHz with

low shall be

bltage driving
unipolar test
ble 6.

litude of the

The burst-to-
nd terminate
/). The burst-

rstinterval, T. shall be set to 700 ms + 50 ms.
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Figure 33 — Test signal 2: Modulation 1 in the range of 1kHz to 150 kHz
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Modulation 2 (preferred): the test signal 2 is a sinusoidal carrier switched smoothly to create bursts with a
duration of nominally 100 ms. The envelope of the burst has rise and fall times of nominally 10 ms with linear
slopes. The burst duration, 100 ms, as well as the burst—to-burst interval 7, shall be measured at half the
amplitude of the leading slope of the envelope (see Figure 34). The burst-to-burst interval, 7, shall be set to
700 ms + 50 ms.

Vpp

Fi

I7=)

ure 34 — Test signal 2 : Modulation 2 (preferred) in the range of 1kHz to 150 kHz

Test procedure: The test signal generator shall be confected to the tissue-equivalent interface circuit thfough
input C, as shown in Figure 32. The test signal shall\be measured on the oscilloscope connected to moniforing
point D. The joperation of the DUT shall be recorded on the oscilloscope connected to monitoring point K.

NOTE 1 Two tests are performed: one with and ene without simulated heart signal applied to input E.

The capacitor Cy of the interface circuit{see Figure D.2) shall be bypassed unless required to eliminate spyrious
low-frequengy 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 frequencigs per
decade between 16,6 Hz and\160 kHz, with an evenly distributed dwell time of at least 60 s per decade] (Vpp
can be meadured directly<@at-connector D of the tissue interface.)

NOTE 2  Care should*be taken that the interference generator itself does not produce low-frequency components.

NOTE 3  Whenihe DUT is synchronized by the inhibition signal generator, the inhibition signal generator should be set
without the mgdutated test signal being applied.

If the DUT is a multichannel device, it shall be programmed to minimize the occurrence of possible cross-talk
between channels.

The DUT shall be categorized into one of four groups, as required in 4.3.2, and connected to the tissue
equivalent interface according to Figures 14 to 19, as applicable.

For each tested frequency, the operation of the DUT shall be observed and recorded as either functioning in
its set mode or not.

Compliance for the sensitivity tested shall be confirmed if the DUT at all times functions in its set mode, both
with and without the simulated heart signal applied by the inhibition signal generator and irrespective of the
application of the required test signal.
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For those sensitivity settings of the DUT for frequencies up to 1 kHz, at which a change of pacing pattern
occurs, compliance shall be confirmed if an appropriate warning and disclosure is provided according to 7.1.

4.5.2.2 ICDs and CRT-D devices

Test equipment: use the tissue-equivalent interface circuit defined by Figure D.2; two oscilloscopes, input
impedance nominal 1 MQ, < 30 pF, with the oscilloscope connected to test point D in Figure D.2 shall have
an accuracy of + 10 % within a bandwidth of at least 20 MHz; an inhibition signal generator, output impedance
not greater than 1 kQ, that provides a simulated heart signal in the form defined by Figure J.1; and test signal
generators, output impedance of 50 Q.

The g
by th

The g
low-f

mptittdeof thesimutatedeart sigmatstattbeapproximatety twice themimimumrvatoe Tequited
b DUT. The simulated heart signal generator shall be connected through input E of the interfg

equency signals produced by the interference signal generator (see Annex E).

Test [signal:

Test
1 kH1

NOTH

signal 1: the test signal shall be a continuous sinusoidal wave, with a frequency, f, between
r with peak-to-peak amplitude as shown in Table 7.

test flequencies.

Test
peak:

For t
used

bignal 2: the test signal shall be a modulated signal, carrier.frequency, f, between 1 kHz and
to-peak amplitudes as shown in Table 7.

bst signal 2, one of the alternative modulations (modulation 1 or modulation 2) specified b
as specified by the manufacturer.

The amplitude of the common mode test signal) Vpp, is defined as the peak-to-peak amplitude

circu
shall

Diffe
Mod

t voltage driving the pacemaker at the autputs of the tissue interface. The amplitude of the te
be a function of the carrier frequency;.#, as defined by Table 7.

Table 7— Peak-to-peak amplitudes Vpp in the range of 16,6 Hz to 150 kHz

i Vop

16,60Hz < f <1 kHz 2mV
{KHz < f < 3 kHz 2 mV x (f1 kHz)2
3 kHz < f < 150 kHz 6 mV x fI1 kHz

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

hlation 1: the carrier shall be switched to create bursts of approximately 100 ms duration.

for detection
ce circuit.

apacitor Cy of the interface circuit (see Figure D.2) shall be bypassed unless required-to-elimipate spurious

16,6 Hz and

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

150 kHz with

elow shall be

of the open-
5t signal, Vpp,

The burst-to-
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mnterval 7 chall hg maastirad laeadina aedae-tao-leadina edae (see-Eiaurae-35) Thg hurst o
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nall start and

ooe

terminate at zero crossings of the carrier, and only complete carrier cycles shall be used (true gated signal).
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N
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Figure 35 — Test signal 2: Modulation 1 in the range of 1kHz to 150 kHz

Modulation |2 (preferred): test signal 2 is a sinusoidal carrier switched smoothly to)ck€ate bursts with a
duration of npminally 100 ms. The envelope of the burst has rise and fall times of nominally 10 ms with |inear
slopes. The ppurst duration, 100 ms, as well as the burst—to-burst interval, 7, shall-be measured at half the
amplitude of fthe leading slope of the envelope (see Figure 36).

a false posmve in wh|ch case the EMI is mlstaken for an arrhythmla that needs to be treated and a false
negative, in which case the EMI prohibits the sensing of an arrhythmia and the needed therapy is withheld. The
false-positive case is tested with a burst-to-burst interference interval, 7, simulating fibrillation and with both
a simulated heart signal at a normal sinus rate, Tshs, and without a simulated heart signal. The false-negative
case need not be tested, as sensing of interference signal is implicitly tested.

The test signals 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. (Vpp
can be measured directly at connector D of the tissue interface.)
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Test 1. Simulated heart signal applied with Tsps = 800 ms (or 90 % of basic pulse interval, whichever is less)
and burst-to-burst interval of interference signal set to 7= 350 + 25 ms.

NOTE 2  The test setup of Test 1 seeks to determine if the modulated interference will influence the ICD during inhibited
mode of operation. The burst-to-burst interval, 7, is selected to simulate fibrillation.

Test 2: No simulated heart signal applied and burst-to-burst interval of interference signal set to 7= 350 + 25 ms.

NOTE 3  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 > 10 kQ to the corresponding

termi
appr
with

The ¢
desc

rats—of thechammetumdertest—Themanufacturer s—freetochoosethevatueof theTes
priate to the device under test. For safety reasons, the cardioversion/defibrillation termina
nigh-voltage 50 Q (25 W) resistors.

peration of the DUT shall be monitored by the oscilloscope connected to test point K. The ap
ibed in list items a) and b) below shall be performed at a minimum of four carrierfrequencieq

istors that is
s are loaded

plicable tests
per decade.

NOTHE 4  Since the DUT may require that it detect several consecutive input signals pefore therapy is initigted, sufficient

time is to be allowed at each frequency tested for the device under test to react to the<jnput interference.

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

Common mode performance shall be tested with the sense/paceterminals connected to the ¢utputs F, G,

H, and | (as shown in Figure 24) of the tissue-equivalent interface (as shown in Figure D.2) and the case

conngcted to output J.

Diffefential mode performance shall be tested using the-test signal reduced to one-tenth anpplitude. The

sensg/pace terminals of the channel under test shall be connected between the coupled outputg H and | and

the output J (as shown in Figure 25) of the tissue-equivalent interface (as shown in Figure D.2).

NOTE 5  The DUT shall be programmed to prevefticross-talk between different channels.

b) For DUTs that use signals from both-serse and cardioversion/defibrillation leads for arrhythmia detection,
the manufacturer shall provide detail$ of the test method.

For efach tested frequency, the restilis of Test 1 and Test 2 shall be observed and recorded as influenced or not.

Compliance for the sensitivity being tested shall be confirmed if:

!
!

\

vhile Test 1 is performed, the ICD is not influenced by the interference signal (i.e. it does n
acing pulses anddoes not deliver a tachyarrhythmia therapy); and

For thase sensitivity settings of the DUT for frequencies up to 1 kHz at which influenced behaviour

vhile Test 2-js performed, the ICD is not influenced by the interference signal (i.e. it dog
ny deviation in pace-to-pace interval that exceeds 10 % of the programmed rate and does
chyarrhythmia therapy).

bt exhibit any

s not exhibit
not deliver a

is observed,

compliance shall be contirmed IT an appropriate warning and disclosure IS provided according 1o

71.

4.5.3 Protection from sensing EMI as cardiac signals in the frequency range of 150 kHz to 10 MHz

453

Test

A

Pacemakers and CRT-P devices

equipment: use the test equipment defined in 4.5.2.1 of this International Standard.

Test signal: the test signal shall be a modulated signal, carrier frequency f, between 150 kHz and 10 MHz.
The carrier shall be amplitude modulated with a 130 Hz sinusoidal wave to create modulation bursts of 100 ms
duration. The burst-to-burst interval, T, shall be measured leading edge to leading edge (see Figure 37).
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Figure 37 — Test signal for frequencies 150 kHz to 10 MHz

on bursts shall start and terminate at zero crossings of the modulation signal (thds, the env
rminates at a value of approximately 50 % of the unmodulated carrier). The, burst coun
dulation cycles. The modulation index, M, shall be 95 %, where:

— * 100
+V

burst interval, T, of the test signal shall be set to 700 ms + 50 ms:

e of the test signal (Vpp) is defined as the peak-to-peakiamplitude of the open circuit vg
hcemaker at the outputs of the tissue interface. The ampfitude of the test signal, Vpp, for un
lar common mode test shall be a function of the carriétfrequency, f, as defined by Table 8.

le 8 — Peak-to-peak test signal amplitudesg/p in the range of 150 kHz to 10 MHz
f Vop
150 kHz < f <167 kHz 6 mV x f/1 kHz
167 kHz < f <1 MHz 1V
1 MHz < f <10 MHz 1V x f[1 MHz

ential mode performance“shall be tested using test signal reduced to 10 % amplitude ¢
e test.

Test proce

per decade hetween 150 KHz'and 10 MHz, with an evenly distributed dwell time of at least 60 s per decade
can be measured directlyat connector D of the tissue interface.) The test configuration and procedure sh
otherwise as|required\in’4.5.2.1.

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

re: the modulated’signal shall be applied at a minimum of four distinct, well-spaced freque

blope
ts 13

Itage
polar

f the

ncies

- (Vpp
all be

hode,

4.53.2

ICDs and CRT-D devices

Test equipment: use test equipment defined in 4.5.2.2.

The capacitor Cy 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.

30
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Table 9 — Peak-to-peak test signal amplitudes /pp in the range of 150 kHz to 10 MHz,

f Vop
150 kHz < f < 167 kHz 6 mV x f/1 kHz
167 kHz < f <1 MHz 1V
1 MHz < f < 10 MHz 1V x f11 MHz

Differential mode performance shall be tested using a test signal reduced to 10 % 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
duratjon. The burst-to-burst interval, 7, shall be measured leading edge to leading edge (see Figlre 38).

Figure 38 — Test signal for frequencies 150 kHz to 10 MHz

The modulation bursts shall start and terminate at zera crossings of the modulation signal (thus, the envelope
startg and terminates at a value of approximately,"60 % of the unmodulated carrier). The burst count is 13
complete modulation cycles. The modulation index, M, shall be 95 %, where:

Vop -
M——*100
V ptV

The test signal generator shall be-eohnected through input C of the interface circuit as shown in Fjgure 21. The
test \oltage shall be measured on'the oscilloscope connected to test point D of the interface circlit.

Testprocedure: two possibte disruptions of normal operation of the device by the interference ar¢ considered:
a falge positive, in which~case the EMI is mistaken for an arrhythmia that needs to be treated} and a false
negalive, in which case the EMI prohibits the sensing of an arrhythmia and the needed therapy is withheld. Only
one ¢f these possiblé disruptions is tested. The false-positive case is tested with a burst-to-burs{ interference
interyal, 7, simdtating fibrillation and with both a simulated heart signal at a normal sinus rate, Tspd, and without
a simulated<heart signal. The false-negative case need not be tested, as sensing of interferepce signal is
impli¢itlydested.

Th haofiin taota for tho Aot ntioes ALt o Aot Al st e f an-—arrkhvihoaio tn tha ~racana f I
IS CTOP eSS 1O aIc Ottt otoTTOT 1T moatrateamterrerence—as—ah ulllly T n a e ProeSTTio! 5 O a norma

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 7Tsps = 800 ms (or 90 % of basic pulse interval, whichever is less)
and burst-to-burst interval of interference signal set to 7= 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.

NOTE 1 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, T, is selected to simulate fibrillation.

© 1S0O 2012 — All rights reserved 31


https://standardsiso.com/api/?name=e55345d21f2ea4475b3c69ef80517775

ISO 14117:2012(E)

Test 2: No simulated heart signal applied and burst-to-burst interval of interference signal setto 7= 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 > 10 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 implantable DUT shall be monitored by the oscilloscope connected to test point K. The
applicable tests described in list items a) and b) shall be performed with the test signal either swept over
the frequency range at a rate of 1 decade per minute or, applied at a minimum of four distinct, well-sgaced
frequencies per decade with an evenly distributed dwell time of at least 60 s per decade.

Since the injplantable DUT may require that it detect several consecutive input signals before”thergpy is
initiated, suffjcient time is to be allowed at each frequency tested for the DUT to react to the jnput interfergnce.

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

Common mode performance shall be tested with 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.

Differential mode performance shall be tested using the test signal€edlced to one-tenth amplitude. The
sense tgrminals of the channel under test shall be connected between the coupled outputs H and | ar|d the
output J[(as shown in Figure 25) of the tissue-equivalent interface-(as shown in Figure D.2).

The implantable DUT shall be programmed to prevent cross=talk between channels.

b) For a DUT which uses signals from both sense and“cardioversion/defibrillation leads for arrhyfhmia
detection, the manufacturer shall provide details of-the test method.

For each carrier frequency, the results of fest 1 and Test 2 shall be observed and recordgd as
uninfluepced or not.

Compliance for the sensitivity being tested_shall be confirmed if:

— while Tefst 1 is performed, the ICD is'not influenced by the interference signal (i.e. it does not exhibjt any
pacing gulses and does not deliver a tachyarrhythmia therapy); and

— while Tdst 2 is performed;~the ICD is not influenced by the interference signal (i.e. it does not exhibit
any deviation in pace-to-pace interval that exceeds 10 % of the programmed rate and does not delfver a
tachyarrhythmia therapy).

4.5.4 Protdctionfrom sensing EMI as cardiac signals in the frequency range of 10 MHz to 450 MHz

4.5.4.1 Pademakers and CRT-P devices

Test equipment: use the tissue injection network defined by Figure D.5; an oscilloscope (#1), inputimpedance
50 Q, accuracy of £ 10 % within a bandwidth of at least 450 MHz; an oscilloscope (#2), inputimpedance nominal
1 MQ; an inhibition signal generator, output impedance not greater than 1 kQ, which provides a simulated heart
signal of the form defined by J1; and a test signal generator, output impedance 50 Q.

Test signal: the test signal shall be a modulated signal of the form defined by 4.5.3.1 (see Figure 37). 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 450 MHz (e.g. 10, 20, 40, 60, 80, 100, 200, 400, 450), with an evenly
distributed dwell time of at least 60 s per decade. The amplitude of the test signal (Vpp) is defined as the peak-
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to-peak amplitude of the open-circuit voltage driving the outputs (F, G) of the injection network. The amplitude
of the test signal, Vpp, shall be 10 V.

NOTE 1 The peak-to-peak amplitude of the test signal, Vpp, cannot be measured directly at any connector of the
injection network during the test. Therefore, it is calculated from the voltage at connector D, Vys¢, 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 injection network through input C as shown in Figure 39 . The test
signal generator shall be adjusted so that the test signal amplitude measured on oscilloscope #1 connected
to monitoring point D (Vosc) when multiplied by the calibration factor for the injection network, determined
according to the method of Annex F, is equal to the required test signal amplitude, Vpp.

Two fests are performed, one with and one without the simulated heart signal applied through’the inhibition
signdl generator to input E (E’). The interval of the inhibition signal Tshs shall be set tor800 mp or 90 % of
the programmed basic pulse interval as shipped, whichever is shorter. The burst-to-burst intenval, 7, of the
modulated signal shall be set to 700 ms + 50 ms.

If an fms voltmeter is used during calibration procedure and testing at monitoring*point D, then 1we test value
shall foe 53 % of the calibration value, to provide a nominal modulated test amplitude of 10 ¥ (open circuit) at
outpyts F and G.

Oscilloscope #2

Inhibition
g€&nerator

@7 — |
Oscilloscope #1
Test signal Injection network
genefator ®F

® —@c |

®

x.l—h——o

®D
E K
@®-@®—
Figure 39 — Test setup to check for malfunction at high frequency

Conrjections .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{Fland G) on the injection network shall be fitted with 50 Q terminations ; in addition E’ and K’ shall be
termipated with impedances equivalent to ports E and K, respectively, to keep the network balanfed.

Unipolar pacing devices shall be connected to output F of the injection network (as shown in Figure 40), 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 Q load resistors (RL).
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. I — .
FO Q 7
'
DUT
—_______ Figure 40 — Connection to a unipolar device

Bipolar devides shall be connected to outputs F and G of the injection network (as shown in Figurge 41), psing
appropriate IRF 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 Q load resistors (Ry):

R
F @:::::::::::::::::::::’:::’::’:::’:5"'""'/'7—:
""" | 7
____________ |\ P
DUT

Figure 41 — Connection-to a bipolar device

Compliance for the sensitivity being tested shall bé_confirmed if the DUT at all times functions in its set jnode
irrespective ¢f the application of the required modulated signal.

4.5.4.2 I1CDOs and CRT-D devices

The DUT shall be tested in accordance with the sequence described in 4.5.4.1, testing each channel in turn.

DUT sensing/pacing channels-hot being tested should be turned off and loaded with 500 Q. For spfety,
cardioversion/defibrillation FERMINALS are loaded with high-voltage 50 Q, 25 W resistors. Compliance for the
sensitivity bging tested shall-be confirmed if the DUT at all times functions in its set mode irrespective ¢f the
application of the required modulated signal.

4.6 Prote¢tion from static magnetic fields of flux density up to 1 mT

4.6.1 General considerations

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 defined by Figure J.1; an
oscilloscope; 51 kQ £ 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.

Test procedure: A 500 Q + 1 % load resistor (R ) is connected between terminals S and T (see Figure 42), with
the monitoring oscilloscope connected to terminal S. The signal from the inhibition generator shall be injected
at terminal S through a 51 kQ + 1 % feed resistor (R).

34 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=e55345d21f2ea4475b3c69ef80517775

ISO 14117:2012(E)

Oscilloscope

Test signal
generator ®

s o ]+ s

8

Figure 42 — Test setup for magnetostatic measurements
For ynipolar devices, output S shall be connected to the terminal of the channel*under test ang output T to
the QUT case.

For bipolar devices, outputs S and T shall be connected to the terminals-of the channel under tgst. Channels
not uhder test shall be loaded with 500 Q +1 % resistors.

The DUT shall be set in synchronized mode by the signal from_the inhibition generator. The amplitude of the
inhibition signal shall be twice the amplitude that just synchronizes the DUT.

While remaining connected to the test equipment, the DUT=5hall be placed within the coil, centr¢d in its field,
and gligned so that the most sensitive axis of the DUT is parallel to the axis of the coil. The magnegtic field shall
be slpwly increased from zero to uniform field strengtfiof flux density of up to 1 mT + 0,1 mT in the fegion where
the ppcemaker is placed. The magnetic field shallkbe maintained for at least 1 min.

NOTH Care should be taken to avoid wire-loops.
The field shall be measured in the absenge of the DUT.

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

4.6.3| ICDs and CRT-D devices
The DUT shall be testedaccording to the sequence described in 4.6.2.

NOTH Synchrofiization through an inhibition generator and monitoring with an oscilloscope might rjot be needed
whenl(testing an ICD-or CRT-D device.

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

47 P ion , ic fields of flux densi 50 mT

4.7.1 General considerations

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 to
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 exposure to the magnetic field,
the DUT shall be slowly removed from the field.
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Reorient the DUT so that a second orthogonal axis is aligned with the axis of the test coil, and again subject the
DUT to the required fields. Then repeat again with the third orthogonal axis aligned with the axis 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 4.7.2.

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

4.8 Proteg¢tion from AC magnetic field exposure in the range of 1 kHz to 140 kHz

4.8.1 Genefral considerations

The DUT shdll be constructed so that ambient time-variable magnetic fields are unlikely te.cause any malfunjction
of the DUT that persists 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 > 12 cm and exceeding the
largest linear dimension of the DUT by 50 %, and a calibration coil, diameter < 4 cm. The radiating coil[ shall
be energized by a signal generator.

Test field: tHe test magnetic field, H, shall be modulated at a fréquency, f, as defined by Table 10.

Table 10 — Sinusoidally modulatéd magnetic field strengths

f Hrms
1 kHz < f <100 kHz 150 A/m
100 kHz < f <140 kHz 150 A/m x 100 kHz/f

Test procedlre: Using the calibration\.céil, determine the signal levels applied to the radiating coil that prqduce
the magnetid field, H, in the centrelofithe radiating coil (see Figure 43). Remove the calibration coil.

Field monitoring

g-eep \/ loop

Figure 43 — Loop configuration for varying magnetic field test

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

NOTE Care should be taken to increase or decrease the field intensity slowly when applying or removing the test signal.

Reorient the DUT so that a second orthogonal axis is aligned with the axis of the radiating loop, and again
subject the pacemaker to the required fields. Then repeat again with the third orthogonal axis aligned with the
axis of the radiating loop.

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

4.8.3| ICDs and CRT-D devices
The DUT shall be tested per the sequence described in 4.8.2.

Card|oversion/defibrillation terminals should be turned off and loaded as specified by the manufacturer, using
care fo minimize loop areas of connections.

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

4.9 |Test requirements for the frequency range of 450 MHz< f <3 000 MHz

4.9.1 General requirements
Tolergnces for time and frequencies shall be + 1 %, unlessotherwise specified.

NOTH The rationale for selecting specific test frequéncies, modulation, power levels, and other tes} conditions is
provided in Annexes A and B.

Lead|configurations are as follows:
— pacemakers and CRT-P devices shali be tested with both unipolar and bipolar lead systems whe appropriate;

— ICDs and CRT-D devices shall be tested with an appropriate lead system as recommegnded by the
manufacturer.

4.9.2| Test setup

4.9.2|11 Test environment

CAUTION — Personnel performing the measurements defined in this International Stanglard should
not he 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

encountered by persons performing the tests described herein, partial body exposures are
i ist “ i i i artial Body

Exposures” of the IEEE C95.1 standard can be used.

As good test practice, it is recommended that the test tank be placed in an electromagnetically shielded room
in order to limit spurious emissions to the outside environment, for example services licensed by the Federal
Communications Commission (FCC). Relocation of the test setup within the shielded enclosure may affect the
repeatability of this test.

4.9.2.2 Torso simulator in Annex G

The distance between the surface of the saline and the top surface of the DUT and the dipole antenna heights
shall be as specified in Table 11.
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Table 11 — Requirements for the test setup

Parameter Specification Tolerance

Saline resistivity? 375 Qcm +15 Qcm
Surface of the saline to top surface of the DUT 0,5cm +1 mm
Dipole element axis centerline to saline surface 2,0cm +1 mm
Dipole element axis centerline to device surface 2,5cm +2 mm

a

The saline resistivity shall be measured at a low frequency (i.e. < 1 kHz) and is the equivalent of 0,027 molar (1,8 g/L or 0,18 %)
NaCl concentration, at 21 °C.

4.9.2.3 Dey
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Dipole antennas: a detailed description of the dipoje antennas is given in Annex H.

Hz, 1 910 MHz, 2 450 MHz, and 3 000 MHz.

ice under test and lead positioning in torso simulator

ositioned on the bottom grid at the centre of the torso simulator. The connector beré for a s
T or the right ventricular bore of a multiconnector DUT shall be aligned with"the X-axis|
The lead connector pin (tip) contact in the DUT connector bore on the X-axis defines the

ducting string. The lead is configured in a spiral extending approximately 5.em (2 in) from the
or previous lead placements. The lead electrodes shall be oriented to facilitate DUT monif
ection.

pm grid and DUT in place, the top grid is placed above it, with'the centre cutout area aligneg
the DUT. The DUT-to-antenna spacing can be adjusted by turning the threaded plastic leg

prding to Table 11.

rference signal generation

uencies and modulation: the carrier signal shall be a sinusoidal waveform at each of the follg
ies: 450 MHz, 600 MHz, 800 MHz;825 MHz, 850 MHz, 875 MHz, 900 MHz, 930 MHz, 1 610

al shall be pulse modulatedywith the following characteristics: the carrier shall be gated g
500 ms intervals. Gating.rise and fall time should be < 0,5 microseconds (us).

all be programiried according to the parameters listed in Annex | and at nominal value
eters not defined in the tables. The form of antitachycardia pacing (ATP), if applicable, sh
ned to avoid confusion with inappropriate bradycardia pacing as defined in 4.9.4.

NOTE D

VVI pacing mpdes in lieu of DDD(R) mode. In this International Standard, pacing modes are described using a g

ring\testing with the simulated heart signal on, dual-chamber devices may be tested in both AA

ngle-
(see
DUT

nt. The DUT and its lead (or leads) rest on the upper surface of the bottom grid and are anchored

edge
oring

over
5 that
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wing
MHz,
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s for
all be
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bneric

code developed by the North American Society of Pacing and Electrophysiology (NASPE) and the British Pacing and

Electrophysiol

ogy Group (BPEG). The full code is explained in Annex C.

4.9.2.6 Monitoring of device activity

The DUT output signal will be detected by electrically monitoring a pair of plates (—X, +X), with monitoring
equipment having a minimum input resistance of 1 MQ (see Figure G.2).

4.9.2.7 Simulated cardiac signal injection

A signal generator will be used to apply a simulated heart waveform (described in Annex J) to the second pair
of plates, orthogonal to the plates used in 4.9.2.6.
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4.9.3 Test procedure

4.9.3.1 Required test

Set up the test equipment in accordance with Figure G.2. Verify electrical and dimensional requirements of
torso simulator setup as specified in Table 11.

Program the DUT and record parameters in accordance with Annex |.

a) X-axis testing, simulated heart signal off.

fo the X-axis,
ith the dipole reference point (see Annex H) centred o ed in 4.9.2.3,

at the elevation specified in Table 12. The electrocardiogram (ECG) signal shall be off.

bet the carrier frequency to 450 MHz. Set the dipole net RF power to 120 mW rms (CW): Record the forward
ind reflected power readings for documentation purposes. The net power calculation is presentgd in Annex K.

Q>

$et 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. Expogure duration:

— devices intended to treat bradyarrhythmia (pacemakers) — minimum of 5 s;

+ devices intended to treat tachyarrhythmia (including ICDs) <~ minimum of 15 s.
Exposure duration may be longer in either case if requiredfor DUT detection algorithms to fulfill their tasks.
b) -axis testing, simulated heart signal on, bradycardia.rate.

Place the 450 MHz dipole antenna on the grid:with the axis of the antenna elements parallel {o the X-axis,
with the dipole reference point (see Annex H)¢entred over the DUT reference point as defingd in 4.9.2.3,
j:t the elevation specified in Table 11. The’simulated heart signal shall be ON at the simulateq bradycardia
ate, specified in Annex J.

et the carrier frequency to 450 MHz. Set the dipole net RF power to 120 mW rms (CW). The net power
¢alculation is presented in Annéex K.

$et the RF signal generatoy for pulse modulation in accordance with 4.9.2.4 b) and apply the simulated
fheart signal.

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

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

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

Exposure duration may be longer in either case if required for DUT detection algorithms to fulfjll their tasks.

c) X-axistesting, simulated heartsignalon, tachycardiarate (only fordevices intended to treattachyarrhythmia).

Place the 450 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 tachycardia
rate, in accordance with Annex J.

Set the carrier frequency to 450 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 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 required by DUT detection algorithms.
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e)

f)

4.9.3.2 Oplional characterization testing

Y-axis testing.

Repeat 4.9.3.1 a) to c), except with the antenna elements parallel to the Y-axis.

Testing at remaining frequencies.

Repeat 4.9.3.1 a) to d) for all frequencies listed in 4.9.2.4 b) using the appropriate dipole antenna.
Post-test DUT verification.

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

A manufactdrer 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.

For optional DUT characterization, net dipole power is set to 8 W rms for the frequency range450 MHz < f </l 000
MHz and to 2W rms (CW) for the frequency range 1 000 MHz < f <3 000 MHz. The test setup and progranmming

of the DUT afre as specified in 4.9.3.1. Repeat 4.9.3.1 a) to f) for these power levels.
4.9.4 Perfgrmance criteria

4.9.41 Single-chamber pacing modes

a)

4.9.4.2 Multi-chamberpacing modes

a)

Simulated heart signal off.

During test exposure with the simulated heart signal off,the DUT shall not exhibit any deviation in pace-
to-pace finterval that exceeds 10 % of the programmed.fate.

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

Simulated heart signal on.

During test exposure with the simulated heart signal on, the DUT shall not exhibit any pace pulse during
application of ECG and RF signals.

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

Simulat¢d heartsignal off.

During test-exposure with the simulated heart signal off, the DUT shall not exhibit any deviation in pace-
to-pace ntervatthatexceeds—t0-%of theprogrammedrate:

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

Simulated heart signal on.

During test exposure with the simulated heart signal on, the DUT shall not exhibit any pace pulses during
application of ECG and RF signals.

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

4.9.4.3 Antitachyarrhythmia modes

40
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Simulated heart signal off.

During test exposure with the simulated heart signal off, the DUT shall not exhibit either of
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 th
of inhibition/synchronizing signals, if necessary to reset therapy in the ICD.

the following

e application

Ktthecomptetiomof thetesting,; or immediatety prior toany Teprograrnmmming durmngtest, the

parameters shall be unaltered from pre-exposure values.

q
y

bimulated heart signal on (tachycardia rate).

During exposure to RF and simulated heart signal on, the DUT shall deliver an appropriate t
figh-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
parameters shall be unaltered from pre-exposure values.

lesting above frequency of 3 000 MHz

nternational Standard does not require testing of devices.above 3 GHz. The upper frequency

e protection afforded by the attenuation of the enclosure and body tissue at microwave frequg
cted performance of EMI control features that typically have to be implemented to meet the low
rements of this International Standard, and (4).thé reduced sensitivity of circuits at microwave

f]
sure. Common applications include radar and microwave communication links that do
sure to the main field beam. Patient*exposures to such microwave field sources are typ
-intensity antenna pattern sidelobés and scattered fields. Anticipated future vehicular app
nvolve greater public exposurerare not expected to be problematic because of low inten
wave frequency.

evice circuitry is highly)shielded against the effects of microwave fields by the metallic er]

mount of field enetfgy coupled to the leads decreases with increasing frequency in the micr
Lise of greaterifield attenuation in overlying body tissues. Coupled field energy that reachq
hal is furthép-attenuated by EMI control features that typically have to be implemented in
the RF requirements of this International Standard.

rogrammed

herapy to the

programmed

limit reflects

deration of the following factors: (1) the types of radiaters of frequencies above 3 GHz, (2) the increased

ncies, (3) the
er-frequency
frequencies.

elds at frequencies above 3 GHz are mostly directed beams that do not cause high-intensity public

not produce
ically due to
lications that
5ity and high

closure. The

pal EMI mode is by.field energy coupled to electrical leads connecting the device to the heart. However,

pwave range
s the device
he device to

RProtection of devices from EM fields encountered in a therapeutic envirg

ynment

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

General considerations

osure

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.

NOTE 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.
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6.1.2 Pacemakers and CRT-P devices

Test setup: Use an RF test signal generator, output impedance 50 Q. Each DUT input and output terminal, as
applicable, shall be connected through individual 170 Q + 2 %, 1 W resistors (R.) to ground (see Figure 44).
The case of the DUT shall be connected directly to the signal generator output, unless the case is covered with

an insulating

Test signal:
shown in Tali

material.
R
—_ o 7/cD
L] | /5= Atrial
| I /
_|:|_.—‘ /_ Ventricular
—_- T

Test Signal
Generator

Figure 44 — Test setup for protection of the device from
high-frequency currents caused by high-frequency surgical equipment

The test signal frequency shall be 500 kHz, afd the open-loop test signal amplitude shall
le 12.

Table 12 — Test signal characteristics

Test signal voltage Waveform Test period
36 Vpp Continuous sinusoidal 30s
Test procedure: Apply the:test signal above.
Compliance ghall be confirmed-if, after completing the test procedure, the device is not permanently affi

and the setti

Ngs are recoverable through reprogramming.

pe as

bcted

50Q.

6.1.3 ICDsland CRT-D devices
Test as specified in 6.1.2. In addition, the cardioversion/defibrillation terminals should be loaded with R =
If possible, the-B+shal-be-programmed-with-high-voltage-therapy-off:

6.2 Protection of the device from damage caused by external defibrillators

6.2.1 Gene

ral considerations

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.

NOTE

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.

42
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Manufacturers may also use actual defibrillation equipment or programmable waveform generators provided
that the applied JViest waveform applied to terminals A and B of the network in Figure 49 has the same
characteristics as shown in Test 1 and Test 2.

6.2.2 Pacemakers and CRT-P devices
Test 1

Test equipment: Use a defibrillation test voltage generator providing a damped sinus waveform, as in Figure 45,
with the following characteristics: 7, = 1,5 to 2,5 ms, Tys50 = 3 to 5,5 ms, where T;, is the time interval from the
start of the defibrillation pulse to the maximum voltage Viest and Tyso is the time interval during which the test
voltageTsabove 50-% of the maximurr vatue (Fiest)-

Vtest (t): Implemented by RCL circuit using
C=330 micro F; L=13.3mH; R=12 Ohm

450

Tp
400 L1 == \
350 /- — Vtest —
—Tw50
300 —
-==Tp
250
Vtest / Tw50|
(V) 200 /
150 /
100 /
50
|
0 e R
0 1 2 3 4 5 6, 7 8 9 10 11 12 13 14

Figure 45— Damped sinus waveform

Figure 46 illustrates an example schematic with C = 330 MF + 16,5 uF; L = 13,3 mH £+ 0,13 mH; R_ +
Rg 415 Q+ 0.3 O, where R is theresistance of the inductance in ohms and Rg is the output resistance ohms
of the defibrillation test voltage-generator.

R

A
L
Voltage Vi
generator \ Iﬁ test
—
=
e +—20

Figure 46 — Circuit for generating a damped sinus defibrillation waveform for Test 1

Test procedure: Connect the output Viest to terminals A and B of the resistor network in Figure 49 (using the
parameters in Table 12, Test 1).

The pulse amplitude of the output voltage (Viest) at the output of the defibrillation test voltage generator, across
Rg, shallbe 380V +5 % - 0 %.
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The DUT shall be categorized into one or more of four groups as appropriate and connected as indicated:

— single-channel unipolar devices shall be Group a) — connect the tip terminal to output D;

— multichannel unipolar devices shall be Group b) — connect the 74p terminal to output D and the Ayp

terminal

to output F;

— single-channel bipolar devices shall be Group ¢) — connect the Ftjp terminal to output D, and the Vjing

terminal

to output E; and

— multichannel bipolar devices shall be Group d) — connect the J4jp terminal to output D, the Atjp terminal to
output F, the Vting terminal to output E and the A4ring terminal to output G.

Connect the

Test by apply
an interval of

Compliance

the settings are recoverable through reprogramming:

Test 2

Test equipment: Use a test setup as shown in Figure 48 with C = (150 + 50) uF and two sets of co

switches, S1

Test signalq

case terminal of the DUT to output | of the resistor network (see Figure 49).

ing a sequence of three voltage pulses of positive polarity at intervals of 20 s to 25 s./Then,

60 s (minimum), repeat the test with pulses of negative polarity (see Figure 47).
Vtest
20s 20s
20s 20s 60s (
/N
-Vtest

Figure 47 — Timing sequence used in Tests 1 and 2

Ghall be confirmed if, after completing the test procedure, the DUT is not permanently affecte

and S2, and the resistive network in Figure 49 using the parameters defined in Table 13, Td

5: A monophasic, triincated exponential waveform with duration of 7d = (10 £ 0,5) ms w

after

H and

Lipled
st 2.

ill be

generated bgtween outputs ACand B, activating coupled switches S1 for a time period 7d; the waveform will

have an exp
+ 50) uF and

A biphasic, t

during the omgoing/pulse after a time of 7d/2 + 0,5 ms [e.g. after (5 + 0,5) ms, change from upper posit

lower positio

bnential decay.with a nominal time constant of 9,75 ms [based on the above capacitance of
the load of:65.02].

uncated-eXponential waveform is accomplished by changing the position of coupled switchg

hJ_T he initial position of coupled switches S2 determines the initial polarity of the output pul

(150

bs S2
on to
5e.

The biphasic waveform is shown in Figure 50 with the following parameters: 1 us <tr <5 us; tc <2 ms; 1
us <tf<5 us.

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. Connect the DUT, according to the
pacemaker category, to the outputs C to G of the resistor network similar to the way described in Test 1.

Test by applying a sequence of three monophasic voltage pulses of positive polarity at intervals of 20 s to 25 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 50.
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A

A
Voltage o VTest
generator :

s1 B

: B v

[y e—
NOTH Resistor Rp is optional and is used to protect the voltage generator during capacitor charging.

Figure 48 — Test setup for Test 2 (using a truncated exponential defibrillation wavefform)

A (® R1 CD+ ¢p
T ®2é |

| A
i . -R3 Tlp
R11 —(:g Ring v
o N A ;
ing
- —
R12
| \_ DUT
— — /
R13
__4-—

R14

}

B @® T R9

[

Figure 49 — Resistor network for Tests 1 and 2

Table 13 — Resistor network parameters

Test | R1Q | R2 R3 |RAQ | R5Q|R6Q | R7Q | R8 | R9 R10 [ RMQ|R12Q|R13Q |R14Q
Q Q Q Q
1 50 800 400 800 | 400 | 800 | 400 | 50 50 5 20 30
2 50 600 300 | 600 | 300 | 600 | 300 | 50 50 5 5 5 20 30

NOTE All resistors will be + 5 %; resistors R1 and R8 to R15 will be 25W.
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Compliance

VteSt ................. k
t
—> < tl’
Ty
- >

Figure 50 — Biphasic defibrillation waveform for Test 2

Ghall be confirmed if, after completing the test procedure, the DUT is not peérmanently affecte

the settings are recoverable through reprogramming.

6.2.3 ICDs

Repeatthe tg

and CRT-D devices

st sequence in 6.2.2 with the following changes: in Figure 49, cennect the cardioversion/defibril

terminals to {he outputs C and H.

7 Additig

7.1 Discld

If the DUT H
requirementy
with a clear

interference.

Compliance

7.2 Descrn

The accomp
magnet mod

Compliance

)nal accompanying documentation

)sure of permanently programmable sensitivity settings

as permanently programmable sensitivity settings for which the continuous wave interfe
of 4.4.1 or 4.5.2 are not met, thenthe*accompanying documentation shall disclose these se
varning indicating that their use may result in a higher risk to the patient due to electromag

shall be confirmed by inspection.

iptions of reversion modes

anying documentation for the DUT shall include descriptions of the reversion modes, su
b and operation during electromagnetic interference, if applicable.

shall be confirmed by inspection.

H and

ation

ence
tings
netic

th as

7.3 Know

h-potential-hazardous-beha

oot

The accompanying documentation for the DUT shall include information on known potential hazardous

behaviour, if

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

Compliance shall be confirmed by inspection.

46

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=e55345d21f2ea4475b3c69ef80517775

NOTE

ISO 14117:2012(E)

Annex A
(informative)

Rationale

This annex provides the rationale for certain provisions of this International Standard in order to provide

useful background information for reviewing, applying, and revising this International Standard. This rationale is directed
toward-ndividuals who are familiarwith the cllhjnnf of this International Standard but have not Ir_\ar'fir\ilr_\nfnri
Remgrks made in this annex apply to the relevant clause, subclause, or annex in this International Standafd;
therefore, may not be consecutive.

A1

Rationale for test requirements for the frequency band 0 Hz,<'f < 450

(se€ 4.1 to 4.8)

Exposure of the DUT to an electromagnetic field may

ihduce currents from the lead into the heart, causing fibrillation or lacal heating;
induce voltages in the lead that damage the DUT; and

induce voltages in the lead that prevent the DUT from correctly monitoring the intrinsic heart

In addition, DUTS incorporate magnetic control components (e.g. reed switches) that may be
magnetic fields. The magnetic control component or ather circuit components of the DUT may
by stronger magnetic fields. Hence, some assurapc¢e is required that DUTS offer reasonable
electfomagnetic interference and from currents passing through the human body when the patien

with

The

lomestic appliances.
subclauses address:

protection from tissue damage or fibrillation caused by currents induced on the implanted le
injected spuriously from the device (4.2),

protection from persisting malfunction of the device caused by voltages induced in the implantg

protection from unacceptable transitions or operating modes of the device caused by voltags
the implanted leads)4.4),

protection from transient changes in therapeutic behaviour of the device caused by voltages i
implantedieads (4.5),

protection from transient changes in therapeutic behaviour of the device caused by weak

in its drafting.
he numbering

VMIHZz

signal (ECG).
activated by
be damaged
immunity to
[ is in contact

ad directly or

d leads (4.3),

bs induced in

nduced in the

(1 mT) static

rlnagnetic fields affecting any magnetically sensitive components in the DUT (4.6),

protection from persisting malfunction of the device caused by stronger (10 mT) static magnetic fields

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

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

the DUT (4.8).

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.

Clause 4 does not cover exposure to therapeutic and diagnostic treatments (with the exception of external
defibrillation and electrosurgery) or to EM fields that occur in some occupational environments. Hence,
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the device manufacturer may need to be consulted in case of uncertainty relating to specific treatments or
occupational exposure to specific sources.

NOTE 1 The tests are not intended to cover any embedded telemetry antenna external to the EM shield of the DUT,
unless such an antenna is an integral part of a lead. EM susceptibility applicable to these parts is under consideration.

NOTE 2  In definition of the tests, the setting of test signals equivalent to ambient EM fields required assumptions
about the electrical characteristics of the DUT input and the layout of the implanted lead. Those assumptions may not
be valid for cardiac leads other than leads conducting an intracardiac signal to pacing or sensing terminals. Accordingly,
other physiological sensors (e.g. minute ventilation) are not covered by the tests given in 4.2 to 4.5.4, and such additional
sensors may be turned off during testing.

When consig clilly thre-most applupliatc acllbitivity acttillyb for-the DUt thewort 'r\illy group took-into—acgount
both unipolarfand bipolar configurations and concurred that sensitivities of 0,3 mV (bipolar) and 2,0 mV (unipolar)
were appropfiate for EMI test frequencies above 1 kHz. In arriving at these values, the group acknewlgdged
that although state-of-the-art DUTS provided settings that were substantially more sensitive4(e/d. 0,1|mV),
such settings were primarily provided to aid the clinician in diagnostic testing. The working group consiglered
that diagnostic programming at the more sensitive levels to be only temporary and that,yin clinical pragtice,
permanent programming of such values was usually avoided because of the increased likelihood of faf-field
sensing, mygpotential sensing, and sensing of EMI.

In this International Standard, the requirements for warnings concerning the use of\permanently programrmable
tings that are found not to meet the basic requirements of 4.4.1.0r 4.5.2 have been clarified. The
warning(s), cpnsisting of disclosure of non-conforming sensitivity settings, and cautionary statements simjlar to
re, are required for pacing devices that are found not to perferm safely during specified transient

CW interferehce below 167 KHz, or sustained CW interference below {\KHz.

Consequently, an associated warning in the accompanying documehtation was considered appropriate, tq alert
the clinician that careful consideration should be given to patient exposure to EMI, if programming sensitivity
greater than [0,3 mV (bipolar) and 2,0 mV (unipolar).

An approprigte warning statement could read as follows:

“Careful consideration should be given to patient exposure to external electromagnetic interference
if programming a setting more sensitive than 0,3mV in a bipolar sense configuration setting] and
more sensifive than 2,0 mV in a unipolar sense configuration setting. More sensitive settings|than
0,3mV (bipojar) and 2,0mV (unipolar) are:considered to represent an increased risk from sensing dither
inappropriate physiologic signals (e:zg:-far field R waves on the atrial channel, T waves on the ventrifular
channel, myopotentials in the unipolar sensing configuration or diaphragmatic myopotentials ip the
bipolar senging configuration)©r,non-physiologic electromagnetic interference from external souLces.
These more|sensitive settings should therefore be programmed only for those patients requiring such
sensitivity garameters rather than routine programming without further evaluation.”

It was acknowledged, however, that a few patients may require atrial sensitivity to be set to detect signfls of
less than 0,3 mV if.atrial lead positioning was suboptimal or if sensed P-wave signals were often unusually

low in amplitude (as+ih “single pass” VDD systems). For the majority of pacemaker patients, however, seftings
more sensitiye'than 0,3 mV (bipolar) from
inappropriate-farfield-and-myepeten At the

more sensitive settings.

The requirement to test at four distinct, well-spaced frequencies per decade may normally be met by following
anf,2f,4f8f 16 f ... sequence.

EM fields may 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 450 MHz and by a near-field
test of the DUT connected to its leads at frequencies above 450 MHz. The injected voltage tests use tissue
interfaces (between 16,6 Hz and 10 MHz) or an injection network (between 10 MHz and 450 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 may 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, ANSI, 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 (EC 519/99),
under certain assumptions of field-to-voltage transfer functions. Reference levels represent the most lenient
test of acceptability of general public exposure to fields according to EC 519/99. Magnetic fields more than
20 times higher than the reference levels may comply with the basic restrictions of EC 519/99, especially for

localipedsourcesof EivtHfretdsattowfrequencies: Abbwdillgiy, therequirementsof 4-3and=7=are intended to
prevgnt incompatibility with higher magnetic fields than the reference levels of EC 519/99.
In acpordance with AIMD Directive 385/90/EC, Clause 4 covers only fields of the order, ofmagn|tude likely to

be encountered in the normal environment.

ts induced in
s well as the
conservative

In an
this 4
frequ
assu

EM field, any implanted lead acts as an antenna. The voltages picked up by.and the curren
ntenna depend on the implantation site and on the layout and characteristics of the lead 4
ency, polarization and direction of the EM field. The requirements in Clause 4 are based on
mptions about such coupling factors.

n the device
d voltage. At
eads) form a
bn the fields,
w MHz, body
e effects are
frequencies,
s, leading to
bss-sectional
rgest will not

The frequency of the EM field influences the mechanism for inductien of voltages and currents

and ifs leads, as well as the transfer function expected between applied field strength and induce
low frequencies (below a few MHz), any lead and its return path, (through the body for unipolar

closed conductive loop around which voltages are induced: ‘the body has little screening effect

and the induced voltage is proportional to the frequency. As’the frequency increases beyond a fe
tissug starts to shield EM fields and the device leads act'increasingly as dipole antennas. Theg
complex, and appropriate transfer functions are giveniin DIN VDE 0848-3-1:2003-10[14]. At low
the gffective induction loop area is considerably_figher for unipolar leads than for bipolar on¢g
highgr induced voltages. Existing data indicaté)jthat for implants using present techniques, cr
areag are smaller than 200 cm? (typical) for pacémakers and 232 cm? (typical) for ICDs, and the |4
normially exceed 319 cm? (worst case); sée-Annex L for details.
el should be

The lpads of multichannel unipolar pacemakers may act as multiple antennae. Thus, each chan

teste
coulg

Bipol
inclu
appli

Sele(
atten
frequ

d as if it were a single-chanpéldevice. Care should be taken to avoid cross-talk between chg
affect the result.

prleads induce differential voltages between tip and ring electrodes. The tests of DUTs with bi
le a second procedure to cover this effect. Because of the close proximity of tip and ring el
Cable test signalis-reduced to 10 % of the common mode test signal amplitude.

ttion of Cy:\/Fhe capacitor Cx in the tissue-equivalent interface circuits described in Annex
Liate any'spurious low-frequency noise during burst and pulse amplitude modulation of the test
ency.Ehis spurious noise may incorrectly identify a DUT as sensitive to some or all of the tes

nnels, which

bolar sensing
ectrodes, the

D serves to
signal carrier
signals.

Spur

ous noise created by signal generators during periods of modulation generally contains Ig

w-frequency

components independent of signal frequency that increase in amplitude with increasing signal amplitude. At
the higher amplitudes, the spurious low-frequency noise injected by the test signal generator may become
significant, because of the necessary sensitivity of the DUT to the harmonic content with intracardiac signals.
To attenuate these spurious signals, the capacitor Cy, in combination with a 68 Q resistor, forms a high-pass
filter. The value of Cy is selected according to the procedure in Annex E.

For burst-modulated signals, carrier frequencies of at least 1 kHz should be used when selecting Cx. The low-
pass filter is used so that significant frequency components from burst-modulated test signals are removed.
Otherwise, those components would be confused on the monitoring oscilloscope with any spurious low-
frequency components from the signal generator.

At low frequencies, the effect of Cx may be opposite to that desired. As an example, if the selection procedure
sets Cy = 470 nF, the amplitude of the test signal at point C has to be increased if the test signal monitored at
point D is not as required. This increase in signal may increase the amount of spurious low-frequency noise.
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Thus, the attenuation of the low-frequency spurious noise by Cx may be more than offset by the increased
amplitude injected. In this case, the use of Cx may cause an otherwise unaffected device to be affected by the
test signal (corrupted by the spurious noise) and may indicate false failure of the device. The use of Cx should
be limited to cases where failure to comply may be caused by the test equipment. Compliance does not require
Cy to be in-circuit, and, therefore, the use of Cy is optional at any frequency.

100
10 i
& ,
5 1 —
o
2 :
‘a -
g ——-
g o1 : I
o e
() —F
= Test voltage required at D
\\ .‘. P
] -
0.01 % / Test voltagefequired at C
, v Source voltage required from
I, -----o- fest sigr_1a| generator
(output impedance: 50 Ohm)
0.001 R[OOI T T
10 102 10° 104 10° 108 107

Frequency (Hz)

Figure A.1 — Example amplitude at point D:and C of the tissue interface (Cx selected for 5 000|Hz
carner frequency)

The shunt repistor R1 of the tissue interfaces of Annex D has three functions: it provides a galvanic conngction
between terminals F, G, H and | to case (terminal J); it restricts the input resistance of the tissue interfdce to
the value of R4 (68 Q) in case the-device under test provides high impedance at its inputs; and it is part ¢f the
high-pass filter together with Cy:

The appropriate value of capacitor Cx depends upon the signal generator used and upon the carrier frequency.
Experience shows that in-most cases it would be practical to use three different capacitors in the fange
16,6 Hz to 10 MHz:

16,6 Hz to 190 kHz 10 000 nF

150 kHz to 1"MHz—270F
1 MHz to 10 MHz: 27 nF
The load of the device under test is in parallel to the shunt resistor R1 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 oscilloscope
with 50 Q), the following capacitors may be practical:

16,6 Hz to 150 kHz: 4700 nF
150 kHz to 1 MHz: 150 nF
1 MHz to 10 MHz: 15 nF
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The capacitor Cx should not be an electrolytic type but the tolerance does not matter.

Subclause 4.1 Because the tests of 4.2 to 4.8 might permanently change some electrical characteristics of
the DUT, a final test against the manufacturer’s electrical specifications is required.

Subclause 4.2 This addresses the risk of demodulation products or currents picked up on the leads causing
fibrillation or local tissue burns.

The fields experienced in the normal environment are not high enough to cause these effects even with a short
circuit at the connector side of the lead. But touching some household appliances may cause currents sufficient
to cause fibrillation. In addition, direct therapeutic treatment also may induce currents that produce local tissue
burns. If the therapeutic signals are modulated, demodulation in the circuitry of the DUT may cause fibrillation.

Data|collected by Starmer and Watson indicate that the probability of inducing fibrillation with/a ¢ Hz or 60 Hz
rms qurrent of 50 YA applied directly to the heart through electrodes with surface areas ranging frpm 1,25 mm?
to 2 mm2is 1 %. Above 1 kHz, the threshold current for fibrillation rapidly increases.

The test effectively checks that the input Impedance of the DUT is high enough to prevent dangerpus currents.
Test $ignal 1 stops at 20 kHz because above this frequency the loop impedance of the electrode plus body tissue
naturglly limits the current to acceptable levels. See Figure A.2 below. Test signal 2, at 500 kHz, commonly
used|for surgical diathermy, checks that any demodulation current is smallerthan 50 pA. The rgquirement of
this qubclause is compatible with IEC 60601-1.

100
T EMI-Current
20 mA
Curent
A )
Fibrillation
1
’I
b
Jf

50 pA =

=55 ]

1.BE+D2 10E+04 1 0E+06 1 0E+08
20 Hz 1z 800 KHz 5 MHZ Frequency iz

Rigure A.2 — Maximum allowed current when injected to the heart (subclause 4|2)

The test cannot provide adequate safety in all situations, and the required voltage of 2 Vp, represents a
compromise in the absence of other data. During the treatment, the diathermy electrodes should always be
placed in such a way that as little current as possible traverses the DUT and lead. Even with such precautions,
neither risk of damage to the DUT nor risk of fibrillation can be completely prevented.

The test procedures necessary to verify compliance with the requirements depend on the type of DUT under
test. Channels are tested in turn. The tissue interface provides two outlets for each channel.

If the channel under test is unipolar, both outlets of the tissue interface are connected in parallel to load the
unipolar channel of the DUT with the full test signal being grounded at the case of the device.

If the channel under test is bipolar, one outlet of the tissue interface is connected to the tip and one to the
ring connector. So the bipolar channel of the 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
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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.

Subclause 4.3 specifies requirements to demonstrate that the device is neither damaged nor needs
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In this International Standard, the requirement that the device transition to its interference mode within a
specified time frame has been eliminated. The rationale for this is twofold: the rate of change of the test signal
is not specified so as to allow freedom of choice on the part of manufacturers in structuring their testing, and
secondly, the mode switch, when it occurs, is controlled by firmware in state-of-the-art devices, and this occurs
within milliseconds, far shorter than the cardiac cycle.

Subclause 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.
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The modulation carried by the test interference signal has significant harmonic content overlapping that of ECG
signals. DUTs may be sensitive to some of these frequency components for good and useful reasons. DUTS
usually have a facility to ensure that they provide pacing at a fixed rate, “interference mode”, 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.

For test signals with a carrier frequency between 1 KHz and 150 KHz: two alternative patterns of modulation
are defined, 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.
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The test also guarantees compatibility in the far field (i.e. outside any exclusion fences) on the site of high-
power transmitters such as mobile phone base stations. As in the other subclauses, 4.5.4 requires checking for
any change of therapeutic behaviour, including transitions to fixed-rate interference mode.

Subclause 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 may come in
contact. An example is the magnetic strip used to seal refrigerator doors. Traditionally, this field limit has been
setat 1 mT (10 gauss).

Subclause 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

© 1S0O 2012 — All rights reserved 53


https://standardsiso.com/api/?name=e55345d21f2ea4475b3c69ef80517775

ISO 14117:2012(E)

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.

Subclause 4.8 checks for persistent malfunction being caused by direct application of time-varying magnetic
fields to the DUT.

Subclauses 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 may be exposed
do not cause malfunction owing to direct effects of the field on the internal circuitry or components of the device.
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A.2.3 Rationale for the optional characterization testing

The 120 mW power level described in this International Standard 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 may
perform the optional characterization tests to demonstrate immunity without regard to the separation distance.

A.2.4 Rationale for test power levels

This International Standard is based on ANSI/AAMI PC69:2007['%] (second edition). The rationale below
provides the background for the minimum and optional power levels to which legacy devices were tested prior
to publication of the second edition and is retained for the purpose of informing users of this International
Standard’s evolution.
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The dipole antenna power levels defined in ANSI/AAMI PC69:2000 (first edition) were derived from
measurements of RF signals coupled to an instrumented DUT can with leads installed. The chart in Figure A.1
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, 10,
or 15 cm above the pacemaker can, and the antenna axis was parallel to the saline surface. Dipole antennas
were[locaied 2,5 cm from the pacemaker can and were moved along the X and Y axes to locatg the point of
peak|voltage induction on the pacing leads. At the point of maximum coupling, dipole net powerwas adjusted
to mgtch the lead-induced voltage measured for a particular cellular phone and spacing.

Thesk experiments indicated that a maximum of 120 mW net dipole power was requifed to match the highest
induged voltage observed from cell phones that were spaced 15 cm from the pacemaker can. The specified
test requirement of a dipole net power level of 40 mW in the first edition is approximately three times this level.
Thesk experiments also demonstrated that the optional 8 W and 2 W dipole\test levels produc¢ higher lead
voltages than are produced by wireless phones operated immediately adjacent to the pacemaket.
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Figure A.3 — Dipole net power measurements (dipole spacing = 2,5 cm) conducted for the(first edition

The 40 mW dipole net power level specified in ANSI/AAMI PC69:2000 ensured the compatibility| of implanted
cardiné~devices with hand-held wireless and personal communication services (PCS) phones$ [e.g. IDEN,
MIRS;USDT {TDMA-50 at 800 MHZ), COMA (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.

Over the past few years, GSM has replaced analog and older digital technologies in the cellular (850 MHz) band
and can transmit peak pulse powers in this lower band of 2 W. Although overall time-averaged transmit power
levels may 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
have 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.
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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 short series of bursts).
The user of a mobile phone has very little control of this transmission and exchange of data, and for pacemaker
patients, such emissions could represent significantly greater exposure than from older technology.

In addition, there has been a proliferation of new emitters in this same time period. WiMAX, UWB, and other
technologies are developing rapidly, and several RFID devices are on the market. For example, there are a
number of fixed and portable RFID devices that transmit 3 W or more effective radiated power in a number
of frequency bands from 135 kHz to 5,875 GHz (one common RFID frequency is 915 MHz). These other

transmitters require additional study and are to be a focus in the third edition of ANSI/AAMI PC69.
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a device as non-conforming to this International Standard. 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 1.2, footnote b.

A.3 Rationale for sample size

The tests outlined in this International Standard 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.

A sample size of one device is appropriate considering that the observed spread or variation of the EMC
characteristics from one device to another of a certain implantable DUT model is extremely small. Over
the whole frequency range (d.c. to 3 000 MHz), the EMC of an implantable DUT is fully determined by the

1) Iridium phones were not tested when determining the maximum power for the optional characterization test.
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implementation of both the cardiac signal sensing filters and the EMI suppression filters. These filters consist
of RF feedthrough filters and passive front-end filters (using only a few discrete components), with all further
signal filtering performed on-chip on one or more integrated circuits (ASIC). The tolerances of the off-chip
components are small, and the characteristics of the on-chip filter are basically identical from one device
to another because of integrated circuit process control, digital filtering or on-chip trimmed filters, and other
factors. Variances from device to device are smaller than the variances caused by measurement uncertainties
in the tests defined in this International Standard.
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Annex B
(informative)

Rationale for test frequency ranges

NOTE Tables B.1 and B.2 provide a summary of common emitters and their operating frequencies. The tables are

provided for illustrative purposes only, and are not intended to imply compatibility under all circumstances of use between
these sources-and-the devices tested within the SCope of this lnternational Standard

B.1 Tes{frequencies for the range 0 MHz to 450 MHz

Table B.1 — List of common EM emitters, 0 MHz to 450 MHz

Frequency gort/base Source Modulation; If applicable
Static

Stereo speaker magnets

Name tag magnets

Magnetic therapy

Video display
MAGLEYV train (Japan)
EAS tag magnetizer Pulse

Stun gun, conducted current

Electrolysis, conducted.current

Variable low frequency

Internal combustien engines (chain Pulse with variable repetition rat
saw, weed cutter, boat, yard tractor,
snowmobile, portable generator, auto, etc.)

%

Electric fence, conducted current

Battery-powered tools and carts

1Hz to 100 Hz

16,6 ; 50 Electrified railroad Ccw
50; 60 Distribution transformer (ground level) Ccw
50; 60 Distribution line CwW
50; 60 115 kV transmission line Cw
50; 60 230 kV transmission line CW
50;60 315 KV transmission line CcwW
50;60 500 kV transmission line CwW
50;60 800 kV transmission line CwW
50;60 1 100 kV transmission line CW
50;60 Portable generator CwW
50;60 Saw (hand-held, table) CW
50;60 Hand drill Ccw
50;60 Tape head demagnetizer CcwW
50;60 Soldering gun CW
50;60 Arc welding (300 A) Intermittent
50;60 Fluorescent desk lamp CwW
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Frequency port/base

Source

Modulation, If applicable

50;60

Fluorescent fixtures

Cw

50;60 Tanning bed CwW
50;60 In-floor resistive heating Cw
50;60 Electric range Ccw
50;60 Microwave oven cwW
50;60 Blender Ccw
50;6p Can-opener CW
50;6p Mixer (hand-held) Ccw
50;6p Vacuum cleaner CcwW
50;6p Electric blanket Ccw
50;6p Hair dryer (hand-held, table) CW modulated by movement
50;6p Electric shaver CW._modulated by movement
50;6pD Electric toothbrush CW-rmodulated by movement
50;6p Rotating sign CW
73 EAS CW modulated by movement
0,1 KHz to 1 kHz
100 Metal detector CW modulated by movement
2104220, 218, 219 EAS CW modulated by movement
400 Aircraft power
436 EAS CW modulated by movement
450 EAS tag demagnetizer Damped sine burst
500 Metal detector, Pulsed
500,/534, 535 EAS Ccw
850 EAS Pulsed
862 EAS Cw
943,1950 EAS Pulsed: 10 ms burst, 150 ms
period, two or three bur$ts per gate
activation
1 kHg to 10 kHz
1 Metal detector
2,5 EAS Pulsed
3 EAS CW
4 Metal detector Pulsed
5 anfd 645 EAS Ccw
7,65 EAS Ccw
510 10 Walk-through metal detector CW
10 kHz to 100 kHz
<50 Walk-through metal detector Pulsed 200 pps to 400 pps
10 to100 Hand-held metal detectors CW modulated by movement
Video displays
Slot machines
10 to14 OMEGA CW for 0,9 to 1,25
10 EAS Pulsed
13,25 Hand-held metal detector
13,5t0 14,5 EAS Cw
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Table B.1 (continued)

Frequency port/base Source Modulation, If applicable
18 EAS Ccw
20 to 50 Induction range Ccw
22.75 Hand-held metal detector
39.5 EAS Pulsed
50, 58 and 58,6 EAS Pulsed: 1,64 ms burst, 16,4 ms
period
64 Hand-held metal detector
80 EAS
94,5 Hand-held metal detector
0,1 MHz to 1|MHz
0,1 LORAN (being phased out) Pulsed: 10 Hz
0,115 Hand-held metal detector
0,134 2 TIRIS Texas Instruments Registration and
Identification System (RFID)
0,148 to 0,283 European AM radio
0,2t0 0,3 Hand-held metal detector
0,535 to0 0,16P 5 US. AM radio AM (amplitude modulation)
1 MHz to 30 MHz
1863 Hand-held metal detector
2 EAS Swept frequency
3,25 EAS
5 EAS
8 and 8,2 EAS Swept frequency
13,56 RFID
31030 Ham radio
27 Radio control toys (unlicensed)
26 to 27 CB radio

30 MHz to 44

0 MHz

49 Radio control toys (unlicensed) Part 15, Subpart C

151 to 154 Multiuse radio service (MURS)

218 to 219 218 MHz to 219 MHz band radio service Part 95, Subpart F, 95.801
Mobile
Fixed

462 to 467 Family radio service (FRS) Part 95, Subpart B, 95.191

General mobile radio service (GMRS)
Mobile
Fixed

Part 95, Subpart A, 95.1

Code of Federal Regulations (CFR) Title 47—Telecommunication—FCC Rule Parts

Part 15—Radio Frequency Devices

Part 18—Industrial, Scientific, and Medical (ISM) Equipment

Part 20—Commercial Mobile Radio Services

Part 21—Domestic Public Fixed Radio Services
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Part 22—Public Mobile Services

Part 24—Personal Communication Services

Part 27—Miscellaneous Wireless Communication Services

Part 90—Private Land Mobile Radio Services

Part 95—Personal Radio Services

Part 97—Amateur Radio Services

CFR Web-Addresses:

ISO 14117:2012(E)

Regylations: http://www.fcc.gov/searchtools.html#rules

Frequliency allocation table: http://transition.fcc.gov/oet/spectrum/table/fcctable.pdf

B.2| Test frequencies for the range 450 MHz to 3 000 MHz

The testfrequencies are selected to ensure thorough testing of the two main frequency bands for wirgless phones.
Additjonal test frequencies are specified to ensure comparable immunity performance for communications
serviges that transmit at other frequencies within the frequency rangelof 450 MHz to 3 000 MHz (fefer to Table

B.2 fpr a list of sources known at this time).

Table B.2 — List of common EM emittérs, 450 MHz to 3 000 MHz

Transmit frequency (MHz) port/base

Service type

Service name

453 [0 458/463 to 468 Analog cellular NMT-450

462 jo 467 Family radio —

470 10 980 UHF television —

800 Wireless modem —

806 [o 821/847 to 866 ESMR MIRS/IDEN

806 [o 824/851 to869 Wireless data ARDIS-RD-LAR

824 1o 849/869 to 894

Cellular

AMPS (EIA/TIA{553)
DAMPS (TIA/EIA-627)

CDMA (1S-95)
CDPD

868/B64 Digital cordless CT2

871 10 904/916 t0.949 Analog cellular ETACS

880 fo 915/925.t0 960 Digital cellular GSM

896 [0 902/935 to 941 Wireless data RAM-MOBITEX]

902 0928 Wireless LAN —

915 EAS/RFID —

915 to 925/860 to 870 Analog cellular NTACS

932/885 Cordless phone CT1+

932 to 940 Two-way paging —

935 to 960 Analog cellular NMT-900

940 to 956/810 to 826 Digital cellular PDC

948/944 Digital cordless CT2+

959 to 960/914 to 915 Cordless CT1

1240to 1300 Ham radio —

1335 Military radar —

1477 to 1 501/1 429 to 1 453 Digital cellular PDC

© 1SO 2012 — All rights reserved
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Table B.2 (continued)

Transmit frequency (MHz) port/base Service type Service name

1610to 1 616,5 Satellite phone Iridium

1710 to 1 785/1 805 to 1 880 Digital cellular DCS 1800

1850 to 1 910/1 930 to 1 990 PCS TDMA (J-STD-011)
CDMA (J-STD-008)
PCS 1900 (JOSTD-007)
WB CDMA
PACS
DCT-U

1880 to 1900 Digital cordless DECT

1895101918 Digital cordless PHS

2390to 2400 PCS —

2450 Microwave ovens —

2450/2 712 Diathermy —

2400102483 Wireless data IEEE 802.11

2470 to 2 499 Wireless data IEEE 802.11
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Code for describing modes of implantable generators

C.1 The code
The ¢ode is presented as a sequence of five letters. Table C.1 and Table C.2 provide an outling of the basic
concept of the pacemaker and ICD code.
Table C.1 — NASPE/BPEG generic (NBG) pacemaker code
Ppsition | Il 11 v \"
Catdgory Chamber(s) Chamber(s) Response to Rate Multisite
paced sensed sensing modulation pacing
O =none O =none O =none O =none O =none
A = atrium A = atrium T = triggered R =rate A = atrium
modulfating
V = ventricle V = ventricle | = inhibited V = ventricle
D =dual (A D =dual (A D =dual (T #)) D =dual (A
+V) +V) +V)
Manpfacturers’ | S = single (A S =single (A
designation orV) orV)
only
Sourge: The Revised NASPE/BPEG Generic Paeemaker Code for Antibradycardia, Adaptive-Rate and Multisite Paging. PACE 25:
260264, February 2002(161,
NOTE NASPE has changed its name to HRS, the Heart Rhythm Society.
The significance of the posijtion of the code letter is as follows:
— [irst letter: The paced chamber is identified by “V” for ventricle; “A” for atrium; “D” for dual (i.g. both atrium
and ventricle); or “S” for single chamber (either atrium or ventricle).
— $econd letter: The sensed chamber is identified by either “V” for ventricle or “A” for atrium. An[‘O” indicates

at the_implantable DUT has no sensing function. “D” indicates dual chamber (i.e. both
trium)y-and “S” indicates single chamber (either atrium or ventricle).

ventricle and

[hird letter: The mode of response is either “I” for inhibited (i.e. an implantable DUT wh

se output is

inhibited by a sensed signal) or “T” for triggered (i.e. an implantable DUT whose output is triggered by
sensed signal); “O” is used if the implantable DUT has no sensing functions, and “D” is used for an
implantable DUT that can be inhibited and triggered.

rate mechanism (rate modulation).

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

Fifth letter: This letter is used to indicate whether multisite pacing is present in (“O”) 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.

© 18O

2012 — All rights reserved
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Table C.2 — NASPE/BPEG defibrillator (NBD) code

Position | Il 1 v

Shock chamber Antitachycardia Tachycardia detection | Antibradycardia
pacing 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 19930171,

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

— Position|l: Shock chamber — This position serves to distinguish among devices capable of deliering
atrial (“A’), ventricular (“V”), and dual-chamber (“D”) shocks. No details are given congerning incremental
energy shock protocols. If the defibrillation function is programmed off, the shock chamber is desighated
as “O” (mone) in Position | when specifying the current mode of operation.

— Position]| Il: Antitachycardia pacing chamber — This position identifies the\location of antitachydardia
pacing Without specifying the pacing protocol (burst, ramp, etc.). The¢possible antitachycardia ppcing
configurptions are designated as “O” (none), “A” (atrial), “V” (ventricular)) and “D” (dual chamber). Where
antitachycardia pacing capability is present, the capability of “tiered” therapy (antitachycardia ppcing
followed| if necessary, by shock) is assumed to exist.

— Position|lll: Tachycardia detection — This position distinguishes’devices that detect tachycardia by means
of electrpgram signal processing (“E”) alone from those that sense one or more haemodynamic-related
variableg (“H”) as well, such as blood pressure or transthoracic impedance. Position Il is hierar¢hical
in the seénse that “H” implies “E.” All defibrillators are*assumed to use electrogram (EGM) sensing for
tachycaidia detection.

— Position|IV: Antibradycardia pacing chamber:-— This position identifies the location of antibradydardia
pacing Without specifying the mode of pacing. The possible antibradycardia pacing configurations are
designafed as “O” (none), “A” (atrial), “W (ventricular), and “D” (dual chamber).
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Interface circuits

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

D

o F
C
© G
- €
3

R
el = (G
G

=

Key:

O
=

iMput (test signal)
gst point (test signal)
K monitoring point

@)

Figure D1 — Tissue-equivalent interface circuit for current measurements

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

R1 68 Q (2 W) C1 15 nF

R? 82T (TW) Co 80 pF

R3 120 Q Cy Refer to Annex E
R4 560 O
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Table D.1b — Component values for Figure D.1

R1 68 Q (2 W) Ct 15 nF
R2 47 Q (1 W) C2 180 pF
R3 47 Q Cy Refer to Annex E
R4 33Q
D E
at ?
L e / ¢ T
Ry |R Ry |Rs
@ F
&1
@ G
® H
¢ Io_l [”1
4 I 2
C H @ |
Rq| |Rg I@ J
K
Key:
C input (test|signal)
D test point [test signal)
E input (inhipition generator)
K monitoring point
Figure*D.2 — Tissue-equivalent interface circuit to check for malfunction
All resistors itots are

of the ceramic ty

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

ISO 14117:2012(E)

R4 68 Q (2W) Cq 15 nF
R2 820 (1W) C2 180 pF
R3 120 Q Cx Refer to Annex E
R4 560 O
Rs 56 kQ
Re 1 MQ
)
(]
C |j~
G

input (test signal)

gst point (test signal)

induced on cardioversion/defibrillation terminals

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

Figure D.3 — Tissue-equivalent intefface circuit to check for malfunction caused by yoltages

sistors used shall be of film(type with low inductance, tolerance + 2 %, rated 0,5 W, and all cppacitors are
g ceramic type, tolerance't 6 %, unless otherwise stated.

R4 68Q (2W) C1 15 nF

Ro 47 Q Co 180 pF

R3 47 Q Cx Refer to Annex E
Ry 33Q
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To——©OB
L Ry | L Ry | L Rs | °

Key:
A input
B output

switch up: bypgss mode
switch down: fjiter mode

Figure D.4 — Low-pass filter used to attenuate the 500 kHz component'of a test signal

Table D.4 — Component values for Figure D4

R4 4,7 kQ C1 22 nF
R2 15 kQ C2 6,8 nF
R3 47 kQ C3 2,20F

68
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((%—% -6 dB
C Directiona Power
©—=© coupler o0 Splitter
-20 dB -3 dB ’ ‘
-6 dB —H G
C

Bias
tee

X
C)
<
= =

put (test signal)
onitoring point (test signal)
put (inhibition generator)

5 5 3

put or termination

Litput to implanted DUT

Litput to implanted DUT

onitoring point (implanted DUT)

onitoring point (implanted DUT) ok termination

XX OTMmmOo o

3 300

Figure D.5 — Injection network

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

R | 56 ko Rz 500 Q
Bias tee | C =120 pF,L=0,5 mH

All relsistors used shall be of film type with low inductance, tolerance + 2 %, rated 0,5 W, and all chpacitors 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.

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 Q system.
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Annex E
(informative)

Selection of capacitor Cy

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

signal generator:

Procedure:
bandwidth of

For frequend
the low-pass|

The test sign
oscilloscope
specified in t

NOTE 1 W,
If feasible, se

NOTE 2 A
0,05 mVis ned

at least 30 MHz.

ies above 9 kHz, the low-pass filter should conform to Figure D.4. For frequeneies below 9
filter may require proper scaling.

al generator and tissue-equivalent circuit to be used in the test procedure are connected {
5 and low-pass filter as shown in Figure E.1. Adjust the test signal generator to provide the
he test procedure.

hen selecting Cy for burst-modulated test signals, use only carrier frequencies above 1 kHz.
ect a value of Cy for a reading that is less than 0,05 mV, measured at test point B of the low-pass

signal level of 0,2 mV can be sensed by pacemakers that.hdve high-sensitivity settings. A signal level
ded for testing high-sensitivity settings but may be difficult'to achieve in practice with standard test equip

Oscilloscope Oscilloscope

L) ]

®

Filter
®A B (o)

0

e
e

D

Tissue
equivalent
interface

Testsignal
generator

®C

Use oscilloscopes, input impedance of 1 MQ + 10 %, < 30 pF, accurate to + 10 %, within a

kHz,

o the
ignal

filter.

under
ment.

Figure H

F.1>— Test to check for spurious low-frequency noise and to determine the value of (]
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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 Vpp and the measured voltage of oscilloscope #1, connected to

test

If on

wher:

of the power splitter for each way in dB, aaT is the maximum insertion loss of the attenuator in g

maxi
and ¢

Othe

Calik
Outp
accu

Calik

Calik
reach
conn
dividg

Vpp =m X VOSC

HTR = S A e " & 1 L
VIt D U HIC TTJCUUUTT TITUWUITR, VY osc-

0 * log (m) = — [apc + apc + aaT + aBT] + ¢cpc + 6 dB

b apc is the maximum insertion loss of the directional coupler in,dB; apc is the maximum i

mum insertion loss of the bias tee in dB, ¢pc is the minimum‘coupling loss of the directional g
oupler loss is entered as a positive value.

rwise the calibration factor shall be determined as follews:

ration equipment: The configuration of Figure .5 is used. Output G is terminated by a 50
Ut F is connected to a calibrated high-frequency voltage meter with an input impedance
acy of at least +1 dB and a bandwidth of atleast 450 MHz.

ration signal: The output from the test'signal generator shall be unmodulated carrier.

ration procedure: The calibration-signal shall be increased until the output voltage at the |
es the peak-to-peak value indicated in Table F.1. Read the peak-to-peak voltage on the os
bcted to test point D of the injection network, Vosc. For 4.5.4, the calibration factor, m, is §
bd by Vosc - The calibration factor, m, for 4.3.2.2 and 4.3.3.2 is equal to 14 V divided by Vpsc.

y high-frequency components with specified low tolerances are used, the calibration factor can be
calcylated using this formula:

nsertion loss
B, agT is the
ouplerin dB,

() terminator.
of 50 Q, an

oltage meter
Cilloscope #1
qual to 10 V
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Table F.1 — Calibration signal amplitude

Frequency (MHz) Output F (Vpp) Output F (Vpp)
Subclauses 4.3.2.2 Subclause 4.5.4
and 4.3.3.2

10 3,61 2,58

20 5,39 3,85

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 4,98

300 6,99 4,99

400 7,00 5,00

450 7,00 5,00
Depending on available test equipment, these values may be cohverted to Vrms. 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| Tank

The tprso simulator consists of a plastic box, 28 quart (26,5 I) capacity, measuring at least 51 cm x 36 cm x 14 cm
(20,1]in x 14,17 in x 5,51 in) filled with saline solution per Table 10. The dipole antenna rgsts‘on the(top grid, with
the OQUT resting on the bottom grid.

G.2| Top grid

The {op grid is a piece of plastic grid cut from a fluorescent light fixture cover made of noncongductive, non-

meta
top ri
1,344
holes

G.3

A ce
DUT

a comtinuous surface on which the antennajis supported over this large central hole, non-conc

(20 p
stren
the d

G.4

A bottom grid made of the same material as the top grid is used to support the DUT inside the sal

The
botto

G.5

ized plastic, which is cut to fit the box’s opening so that the top gfid’s top surface is no lower t
M. The grid is constructed of 0,158 7 cm (0,062 5 in) wide, 8873 1 cm (0,343 7 in) thick b

that are approximately 1,27 cm (0,5 in) on each side.

Cutout

ntral area of the top grid with dimensions 011,43 cm x 12,7 cm (4,5 in x 5 in) is remove
can be moved into the upper grid and thie-dipole antenna can be placed closer to the DU

ound test monofilament fishing lin€)is laced over the central hole. This line was chosen b
gth and the fact that it does not absorb water. Hence, it results in a dry, stable surface on w
pole antenna. Each non-conductive strand is tied individually to the indents on opposite side

Bottom grid

ottom grid has plastic legs threaded into nuts fastened to the bottom grid. Turning these legs
M grid’s elevation. This, in turn, varies the device’s depth of immersion in the saline-filled bg

Tank electrodes

cm (0,531 2 in) apart in two directions. This configuration forms an array over the entire surfI

han the box’s
ams spaced
ce of square

H so that the
. To provide
uctive string
pcause of its
hich to place
s of the grid.

ne-filled box.
changes the
X.

Two

alrs Oof stalniess steel electrode plates placed along the A and Y axes dre used 10 monitorandt

stthe 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 0,078 7 in).
Each plate is positioned at the middle of one of the inner walls of the torso simulator box. One pair of plates is
placed on opposite walls of the torso simulator and allows monitoring of the DUT. The second pair 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 plastic box
and is secured with a nut to form a watertight seal. The screw extends outside the box 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 MQ. 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.

© 1S0O 2012 — All rights reserved 73


https://standardsiso.com/api/?name=e55345d21f2ea4475b3c69ef80517775

Cutout area laced with

© 1SO 2012 — All rights reserved

lator

Imu

igure G1 — Torso s

F

2012(E)

ISO 14117

lllustrations

G.6

Figure G.1 and Figure G.2 illustrate all the features discussed above.
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Figure G.2 — Test setup
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The dipoles
coaxial stub
50 Q coaxia
antennas thd
the antenna

Annex H
(normative)

Dipole antennas

Resonant dipole

to be used for these tests are tuned, half-wavelength, resonant dipoles with a series‘pz
balun that meet the specifications in Table H.1. The coaxial balun is terminated inta"a su
interface connector. See Figure H.1 or ANSI C63.5-1988, Appendix C, for examples of ¢
t can meet the specification in Table H.1. See Table 10 for saline resistivity and spacing bet
hnd the saline during characterization of the antenna.

Table H.1 — Dipole description

rallel
table
ipole
ween

Test frequer

cies

Defined in 4.5.7.2.4 b)

At each freqy
apply:

ency, the following characteristics shall

Symmetry @ +0,5 dB up to A/8\from the antenna reference point of|the
dipole
Internal loss P <0,2dB

Voltage stan

ling wave radio (VSWR) (referenced to 50 )

=1,5:1\with the dipole tuned at 2 cm from the saline |

ath

Power rating

10 \ACminimum CW

Rod length s

mmetry

+0,1 mm

Rod axis alig

hment

Offset of the dipole elements: 0,25 mm maximum; off

to the flat edge at any point along the dipole elements|:

1 mm maximum

et

Rod diamete

3,58 mm + 0,254 mm copper

a  Symmetry

b Internal Iq
analyser. An a
to antenna cal

reference poin.

¢ The sepafation between the.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 from the ¢

ss is measured by shorting.the dipole at the antenna reference point and measuring the return loss with a ne
htenna with a measurediinternal loss exceeding 0,2 dB may be used, provided that the loss exceeding 0,2 dB is ¢
le attenuation (ACA) fof)calculation of forward dipole power (see F.1.1) and reflected dipole power (see F.1.3).

ipole

work
dded
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