INTERNATIONAL ISO
STANDARD 14708-3

Second edition
2017-04

Implants for surgery — Active
implantable medical devices —

Part 3:
Implantable neurostimulators

Implants chirurgicaux —Dispositifs médicaux implantablgs actifs —

Partie 3: Neurostimulateurs en implant

Reference number
1SO 14708-3:2017(E)

©1S0 2017



https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

Contents Page
FFOT@WOT ........cooccccv e85 285858585555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 1
4 _Sy‘m'bﬂh'aud abbreviatedterms———— — 2
5 General requirements for active implantable medical devices................cooopmd Dot 2
6 Requirements for particular ACTIVE IMPLANTABLE MEDICAL DEVICES ......... ot Mo foes 2
7 General arrangement of the packaging ... e f e 3
8 General markings for ACTIVE IMPLANTABLE MEDICAL DEVICES ............b, Moo o 3
9 Markings on the sales PaCKaGING ... e e 3
10 Construction of the sales packaging............c S e e 3
11 Markings on the sterile pack..........o S f 3
12 Construction of the non-reusable PacK............ S e e 3
13 Markings on the ACTIVE IMPLANTABLE MEDICAL DEVICE .........ccccouumiemmmeemeesseeese e 3
14 Protection from unintentional biological effects being caused by the ACTIVE

1017039 ENOQ VN3 ALY 0290 (o0 8 0 2274 (00 o OO I 3
15 Protection from harm to the patient or;user caused by external physical featureg of

the ACTIVE IMPLANTABLE MEDICAL DEVICE .........coooccooooiiiiiiiiiiisisseesssnesessesessssee st | 3
16 Protection from harm to the patiént caused by electricity ... 3
17 Protection from harm to thepatient caused by heat.............c o 3
18 Protection from ionizing radiation released or emitted from the active implantaple

IMEAICAL AEVICE.........occoo o S50 st s s 4
19 Protection from unintended effects caused by the ACTIVE IMPLANTABLE MEDICAL PEVICE ..... 4
20 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by

external defiDITHIAtOTS ...t e 5
21 Protection.of the ACTIVE IMPLANTABLE MEDICAL DEVICE from changes caused by

electrical fields applied directly to the patient............... o, 5
22 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from changes caused by

nmijscellaneous medical treatments . ... e 5
23 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from mechanical forces.....|............... 6
24 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by

€leCtroStatic dISCRATZE ... 6
25 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by

AtMOSPhEriC PreSSUIe CHANZES. ... 7
26 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by

EEMPETATUIE CRATIZES . ... 7
27 Protection of the active implantable medical device from electromagnetic non-

HOMUZING FAGTATIOTL.........c e 7
28 Accompanying dOCUMENEATION ...t 16

ISO 14708-3:2017(E)

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)

Annex AA (normative) Relationship between the fundamental principles in ISO/
TR 14283 [1] and the clauses of this dOCUMENT .....................cccciseers i

Annex BB (informative) RAtIOM@LE ...

Annex CC (informative) Injection network example and board layout guidance

BIBLIOGIAPIY ...k

iv © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)

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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
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patent rights identified during the development of the document will.be'in the Introduct
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trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
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World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
URL: www.iso.org/iso/foreword.html.

Thif document was prepared by Technical Committee ISO/TC 150, Implants for surgery, S
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Introduction

This document specifies particular requirements for active implantable medical devices intended for
electrical stimulation of the central or peripheral nervous system, to provide basic assurance of safety
for both patients and users. It amends and supplements ISO 14708-1:2014, hereinafter referred to as
ISO 14708-1.

The requirements of this document take priority over those of ISO 14708-1.

Devices that use el

They prod
target ares
usually reg

ectricity to stimulate the nervous system are commonly called
OI O C [ dl pu [ldl dre delivered tnr .' [ C [ OIld d
. Whether or not a neurostimulator is totally or partially implantable, a lead or extensia

‘neurostimulat
W [ [

newer forms of devices might not utilize leads or extensions. An external programmer might be use

adjust devi

Currently,
This docun

3

This docu

totally or
parts and ¢

Not includ
neurostim

ce parameters.

everal types of neurostimulators exist for treating the central or peripheral nervous syst

hent is intended to apply to these neurostimulator types regardless of therapy.

ent is relevant to all parts and accessories of implantable neuvostimulators, inclug

ccessories if they could affect the safety or performance ifitended by the manufacturer.

bd in the scope of this document are non-implantable medical devices, such as exte
ilators and RF-coupled neurostimulators, even though such devices might have implant

parts, becquse they are covered under the IEC 60601-1 series.of standards.

Within this
“Replacem
“Addition”:
“Amendme
“Not used”

Subclauses
101; additi

document, the following terms are used to amend and supplement ISO 14708-1:

ent”: the clause of ISO 14708-1 is replaced, completely by the text of this document.

the text of this document is additional to the requirements of ISO 14708-1.

nt”: the clause of ISO 14708-1 is amended as indicated by the text of this document.

the clause of ISO 14708-1(is not applied in this document.

figures, or tables that are additional to those of ISO 14708-1 are numbered starting f

bnal annexes are lettered AA, BB, etc.

ors.”
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uired to convey stimulation pulses from a form of pulse generator to the electrodes,'although
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Scope

5 document is applicable to ACTIVE IMPLANTABLE MEDICAL DEVICES intended for,electrical §
he central or peripheral nervous system.

tests that are specified in this document are type tests and are to belearried out on a ¢

Normative references

following documents are referred to in the text in stich a way that some or all of th
Ktitutes requirements of this document. For dated*teferences, only the edition cited 3
ated references, the latest edition of the referenced’document (including any amendmen

14117:2012, Active implantable medical devices — Electromagnetic compatibility —
tocols for implantable cardiac pacemakets;” implantable cardioverter defibrillators a
nchronization devices

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

14971, Medical devices — Application of risk management to medical devices

TS 10974:—1), Assessment of the safety of magnetic resonance imaging for patients wit]
lantable medical device

60601-1:2005+A1;2012, Medical electrical equipment — Part 1: General requirements for
essential performance

60601-1£242014, Medical electrical equipment — Part 1-2: General requirements for basiq
ntial performance — Collateral standard: Electromagnetic disturbances — Requirements a

61000-4-3:2006+A1:2007+A2:2010, Electromagnetic compatibility (EMC) — Part 4-3:

timulation

ample of a

ice to assess device behavioural responses, and are not intended to be used for the routing testing of
manufactured products.
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Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14708-1 and the following apply.

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

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

[SO Online browsing platform: available at http://www.iso.org/obp

1
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3.101

implantable neurostimulator

INS

active implantable medical device intended for electrical stimulation of the central or peripheral
nervous system

Note 1 to entry: For the purposes of this document, an implantable neurostimulator can be a single article, or a
system consisting of a set of components and accessories which interact to achieve the performance intended
by the manufacturer. Not all of these components or accessories might be required to be partially or totally
implanted, e.g. programmers.

3.102
implantable pulse generator
IPG
part of an|implantable neurostimulator (3.101), consisting of a power source and electrgnic cirguit,
which produces a stimulation voltage or current pulse

3.103
MR Conditional
item with lemonstrated safety in the MR environment within defined conditiohs

Note 1 to enftry: Adapted from ASTM F2503, 3.1.11.

3.104
projected service life
period after implantation when the implantable neurostimulator (3.101) remains within st3ted
specificatipns and characteristics

3.105
DUT
device ungler test

device beirg tested, including conductive leads

Note 1 to enftry: Not all tests require conductive leads.

4 Symblols and abbreviated terms

This clausd of ISO 14708-1 applies.

5 General requirements for active implantable medical devices
This clausq of ISO 14708-1 applies, except as follows.

Additional fubclatise:

5.101 Wireless coexistence and wireless quality of service

When communication with the implantable part of an ACTIVE IMPLANTABLE MEDICAL DEVICE is provided
through wireless communication channels, the MANUFACTURER shall evaluate wireless coexistence
and wireless quality of service through the RISK MANAGEMENT PROCESS and apply the appropriate RISK
CONTROL measures to protect the patient from HARM (see 28.105).

Compliance is checked by the inspection of the RISK MANAGEMENT FILE.

6 Requirements for particular ACTIVE IMPLANTABLE MEDICAL DEVICES

No additional requirements are specified in this clause.

2 © IS0 2017 - All rights reserved
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7 General arrangement of the packaging

This clause of ISO 14708-1 applies.

8 General markings for ACTIVE IMPLANTABLE MEDICAL DEVICES

This clause of ISO 14708-1 applies.

9 Markings on the sales packaging

Thi clause of ISO 14708-1 applies.

10|Construction of the sales packaging

Thi clause of ISO 14708-1 applies.

11|Markings on the sterile pack
Thi clause of ISO 14708-1 applies.

12|Construction of the non-reusable pack

Thi clause of ISO 14708-1 applies.

13|Markings on the ACTIVE IMPLANTABLE MEDICAL DEVICE

Thi clause of ISO 14708-1 applies.

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

Thip clause of ISO 14708-1 4pplies.

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

Thi} clause 6f1SO 14708-1 applies.

16|Protection from harm to the patient caused by electricity

This clause of ISO 14708-1 applies.

17 Protection from harm to the patient caused by heat

This clause of ISO 14708-1 applies except as follows.
171

Replacement:

© IS0 2017 - All rights reserved 3


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)

In the absence of external influence, an implantable part of the INS, not intended to supply heat to the
patient, shall comply with at least one of the following conditions (a, b, or c) when implanted, and when
in normal operation, including recharge:

NOTE Examples of external influences include exposure to MRI, electrosurgery, external defibrillation,
ultrasound, and electromagnetic fields.

a) no outer surface greater than 39 °C,

b) no tissue receives a thermal dose greater than the CEM43 dose thresholds in Table 101, or

for

Because the values in Table 101 represent tissue dose thresholds, the manufacturer’s risk dgsessnjent
shall include an analysis of any effects to the patient due to the time/temperature relationship.

Table 101 — CEM43 dose thresholds for various tissues

Tissue CEM43 dose threshold
muscle 40
fat 40
peripheral nerve 40
skin 21
bone 16
brain 2
BBB (blood brain barrier) 15

The CEM43 value is calculated using Formula (1):
4_ n (43-T;)
CEM43="" ¢, xR (1)

where

t; isthei-th time interval inminutes;

T; isthe average temperature of the tissue in degrees Centigrade during the interval ¢;;
R isP,25 for T <4320and 0,5 for T = 43 °C;

n is the numberfof samples taken during the heating duration.

Formula (1) is valid for temperatures between 39 °C and 57 °C.

Complianc : a design ana led
the manufacturer’s calculations and data from test studies as appropriate.

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

This clause of ISO 14708-1 applies.

19 Protection from unintended effects caused by the ACTIVE IMPLANTABLE
MEDICAL DEVICE

This clause of ISO 14708-1 applies.

4 © IS0 2017 - All rights reserved
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20 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by
external defibrillators

This clause of ISO 14708-1 applies except as follows.

20.1

Not

used.

21
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Thi

22
mij
22.
Thi
22.
NO1

Imp
MR
una

Ass

ctrical fields applied directly to the patient
5 clause of ISO 14708-1 applies.

scellaneous medical treatments

Il  Ultrasonic energy

5 clause of ISO 14708-1 applies.

P MRI

E1 This clause does not apply to devices that are‘niot labelled MR CONDITIONAL.

lantable parts of an INS and any non-implantable components and accessories, which 3
CONDITIONAL, shall be designed and constructed so that no irreversible change to thg
cceptable risk to the patient results front exposure to MRI.

bssment:  For animplantable partofan INS intended to be used in patients who undergo

respnance scan in 1,5 T, cylindrical bore, whole body MR scanners, the requirements of [S(

sha
the

NOTI

Thd
crit]

Ifd
con

1 apply. For non-implantable.components and accessories, or as an alternative for implant
manufacturer may demonstrate safety using similar or equivalent means.

E2  Other MR environments will require manufacturer evaluation by similar or other means.

outcome of each-test shall not result in an unacceptable risk to the patient. Additional
eria are listed, in/Table 102.

bvice samples are used for testing, they shall meet all manufacturer specifications afte
pleteds

Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from changés caused by

Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE fiom changes caused by

re labelled
b device or

a magnetic
/TS 10974
able parts,

hcceptance

r testing is

Cor11pliance is checked by inspection of test reports and the risk management file.
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Table 102 — Acceptance criteria for test requirements of ISO/TS 10974

Testrequirement ISO/TS 10974 Acceptance criteria to protect patient from harm
Clause #

RF field-induced heating 8 RF-induced heating of adjacent tissue(s) shall not cause an unac-

of the AIMD ceptable risk. This heating value shall be below a limit support-
ed by scientific rationale linked to clinical significance for the
adjacent tissue(s). The value used for assessment could be CEM43,
applied RF power, temperature, or any other measurable and
relevant parameter. If temperature rise is <2 °C, then no further
scientific rationale is needed.

Gradient fijld-induced 9 Gradient induced heating of adjacent tissue(s) shall not caus€ an

device heatling unacceptable risk. This heating value shall be below a limit'sup-
ported by scientific rationale linked to clinical significance for|the
adjacent tissue(s). The value used for assessment could be CEM43,
applied RF power, temperature, or any other measurable and
relevant parameter. If temperature rise is <2 °G,'thén no furthgr
scientific rationale is needed.

Gradient fi¢ld-induced 10 Gradient induced vibration shall not cause.an'unacceptable risk.

vibration

Bo-induced|force 11 Magnetically induced force shall beless than the weight of the
device or less than a greater specified value that is supported by
a scientific-based rationale that'the force of this specified valug
shall not cause an unacceptdble’risk.

Bop-induced|torque 12 Magnetically induced torgtie shall be less than the worst case
gravity-induced torquejwhich is defined as the product of the
weight of the device.anid the longest linear dimension or less tHan
a greater specifiedwalue supported by a scientific-based ratiorale
that the force of'this specified value shall not cause an unacceft-
able risk.

Gradient fi¢ld-induced 13 InducedJead voltages shall not cause an unacceptable risk.

lead voltage

By field-induced device 14 Device malfunction shall not cause an unacceptable risk.

malfunctiop

RF field-induced device 15 Device malfunction shall not cause an unacceptable risk.

malfunctiop

Gradient fig¢ld-induced 16 Device malfunction shall not cause an unacceptable risk.

device malfunction

Combined fields 17 The combined fields test outcome shall not result in an unaccept-
able risk.

23 Protdction.ofthe ACTIVE IMPLANTABLE MEDICAL DEVICE from mechanical forces
This clausq of [SO 14708-1 applies except as follows.

23.1
Amendment:

Following the test, the non-implantable part of the active implantable medical device shall operate as
specified in [EC 60601-1.

24 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by
electrostatic discharge

This clause of ISO 14708-1 applies except as follows.
241

6 © IS0 2017 - All rights reserved
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Replacement:

The requirements of IEC 60601-1-2 shall apply to the non-implantable parts.

NOTE While the electrostatic discharge is applied only to the non-implantable parts, operation o
IMPLANTABLE MEDICAL DEVICE is evaluated as a system following the test.

Compliance is checked as specified in [EC 60601-1-2.

fthe ACTIVE

25 Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage caused by

atn

Thi

26
ten

Thi

27
ion

Rep|

27.

Imp
use
exts

Ass
to ¢

NOT
IEC

Compliance is checkedby.-review of the risk management file and test reports.

27.

27.

nosphericpressure-changes

5 clause of ISO 14708-1 applies.

Protection of the ACTIVE IMPLANTABLE MEDICAL DEVICE from damage ca
nperature changes

5 clause of ISO 14708-1 applies.

Protection of the active implantable medical deyi¢e from electromagn
izing radiation

lacement:

101 General

lantable parts of the implantable neurostimulator (INS) are expected to maintain the
and shall not result in an unacceptable risk because of susceptibility to electrical influe
brnal electromagnetic fields.

pssment: The tests of this clause shall be used to assess device behavioural responses wh
lectromagnetic (EM) fields representing the general public environment.

E The tests in this clauserapply only to the implantable parts. Non-implantable parts are
K0601-1-2 (see ISO 14708-1:2014, 5.1).

1 02 Test conditions

102.1 Acceptance criteria

Dur

manpufacturer’s intended use of the INS and on a risk assessment, as follows:

ing{testing of all clauses, the acceptance criteria (pass/fail criteria) shall be bag

used by

btic non-

r intended
hces due to

bn exposed

covered by

ed on the

— itis expected that the performance intended by the manufacturer will be maintained, and

no hazardous situations occur that could lead to an unacceptable risk.

Prior to testing, risks shall be identified, taking into account the reasonably foreseeable electromagnetic
(EM) environment that is likely to occur during its intended use. Immunity test levels in Clause 27 are
based on the reasonably foreseeable maximum levels found in the general public EM environment. Each
risk shall be evaluated through a design analysis that takes account of any risk control, according to

ISO

14708-1:2014, 5.5.4.

The risk assessment process, performed in accordance with ISO 14971, could result in hazardous
situations being identified (see ISO 14971:2007, Figure E.1). Since actual risk cannot be observed

© IS0 2017 - All rights reserved
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during testing, it will be necessary to observe the performance of the device to see if any hazardous
situations occur.

Pass/fail criteria shall be defined prior to testing. Ideally, these criteria can be measurable or observable
during testing. If not, the manufacturer shall specify an alternative method for determining that the
DUT met the required pass/fail criteria during the test. The use of special hardware or software might
be necessary.

If the pass/fail acceptance criteria are not met during and after testing, the manufacturer shall
substantiate DUT behavioural responses and explain why the overall risk(s) are acceptable (see

Table 103).

In no cases are irreversible changes in performance, outside of specification, allowed.

27.102.2

The INS sh
be the mog

engineerinlg analysis, or pretesting.

Unless spe
attach

for dev
or uni
electrd

termin

patient.

For all test
testing. If 1
shall speci
during the

27.102.3

The INS sh
are likely t
experiencd

Except for
wireless co

NOTE 4
tested accoy

the IP(;

Test configuration and setup

hll be tested in representative configurations, consistent with intended use, that’are likel
t susceptible to EM disturbances. This shall be determined using risk analysis, experie

Cified otherwise in a particular test, the test setup shall include
T,
ment of patient leads to all ports as necessary to achieve thedntended use,

ices that have more than one available electrode configuration for stimulation, such as bip
polar, they shall be tested with the electrode configuration that is the most susceptibl
magnetic disturbances, provided that the circuit design and components are equivalent,

ation of the implantable parts of the INS as necessary to simulate normal impedance of]

5, provision shall be made to determine the device’s behavioural responses, preferably du

fy an alternative method for determining that the DUT met the required pass/fail crit
test. The use of special hardware ér software might be necessary.

Operating functions; nmodes, and settings

all be tested using the‘functions, modes, and settings, consistent with intended use,
o be the most susceptible to EM disturbances. This shall be determined using risk analy
engineering analysis, or pretesting.

the requiremeénts of 5.101, if the intended use includes a wireless communication channel
mmunicdtion function shall be evaluated and tested for EMC in accordance with IEC 60601

\ wireléss communication function does not have to be tested twice for EMC, as it would be if it {
ding'to this document and IEC 60601-1-2.

y to
hce,

blar
b to
and

the

ing

he operation of the DUT cannot be-gbserved or verified during the test, the manufactiirer

bria

that
sis,

the
1-2.

vere

27.102.4

Patient physiological simulation

If simulation of the patient is required to verify normal operation of the INS, it shall be provided during
immunity testing. Physiological simulation shall not provide an intentional conductive or capacitive
connection to earth other than that required by 27.102.2.

27.103 Risk management and test report documentation

The information listed in Table 103 shall be provided by the manufacturer.

© ISO 2017 - All rights reserved
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Table 103 — Minimum risk management and test report contents

No. Item
1 !)escription of the intended use, and any unacceptable risks and associated hazardous situations, result-
ing from the risk assessment.
Pass/fail criteria: how it was determined.
Pass/fail criteria: how it was monitored during testing.
4 Effect.s on the DUT that were observe_d during or after the application of the test disturbances, and the
duration for which these effects persisted.
5 Ifthe intended use isnot maintained dnrmc testing or if a hazardous situation accurs_the manufactur-
er shall substantiate DUT behavioural responses and explain why they are not unacceptable.
6 Applicability/tests not pet_‘fo.rmed. The degl.smn. and justification not to perforr_n a measUremgnt or test
shall be documented. Deviations and modifications to tests shall also be described.
7 DUT cor}f_iguratior_l during the test, including a block diagram of DUT configuratienand all peripherals
and auxiliary equipment used.
8 DUT functions, settings, and operating modes listed by test.
9 Name and location of the test facility.
10 Names and functions or equivalent identification of the persons authorizing the test report.
11 Description of the _DUT. .F.0r e?(ample, the device name, model number, manufacturer, and seridl numbers,
or other means of identification.
12 DUT software/firmware version.
13 Prot_otype or production version of the DUT. For prototypes, describe the relationship to production
versions.
14 Compliance summary statement. Compliance of the\DUT with each test.
15 Test data that support the compliance determination for each test performed.
16 Simulators, accessories and auxiliary equipment, including patient physiological and simulatipn.
17 Documentation of any special hardware\or software needed to perform the tests.
18 Test equipment used, including calibration or maintenance dates.
19 Dwell time for each immunity téstrequiring a dwell time.
20 DUT modificatic_)ns negded in.order to pass any of the tests. A statement that they will all be incorporat-
ed into production units;
21 Photographs of each téstisetup including DUT and all peripherals and auxiliary equipment usged.
27.104 Protectionfrom static magnetic fields of flux density up to 50 mT
NO' Ifthe requirements of the By field-induced device malfunction test of 22.2 have been mgt, then this
test|is notrequired. However, this test is not a substitute for any test in 22.2.

For

this test, leads are not required and electrode configuration is not applicable.

Test equipment: A field coil capable of generating a magnetic field with a flux density of at least 50 mT in
the region to be occupied by the DUT.

Test procedure: The required magnetic field flux density shall be generated before placing the DUT in the
field. Then the DUT shall be placed into the centre of the test coil. After at least 15 s of exposure to the
magnetic field, the DUT shall be removed from the field. Reorient the DUT so that a second orthogonal
axis is aligned with the axis of the field coil, and again subject the DUT to the required field. Repeat with
the third orthogonal axis aligned with the axis of the field coil.

Evaluation of test results: The DUT shall meet the immunity pass/fail criteria determined by the
manufacturer.
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27.105Protection from EM disturbances over the frequency range 16,6 Hz to 80 MHz

27.105.1 Voltage injection test for frequencies 16.6 Hz to 80 MHz

For this test, INS termination impedance requirement is accomplished through connection to the
injection network.

Test equipment: Injection network setup as illustrated in Figure 101. See Annex CC for a complete
description of the network and construction examples including good RF practices.

N
Oscilloscope
Ch1l Ch2
e O
T
|
U T H T
°B | 6C |
I I Lead’interface
| |
S e I ]
| |
Tissue-electrode | Low pass | | weeeneee- |\ & ") Tead |
interface model I filter I I Lead(s) I I Model I
| N PG || lcircuit w6 | |
Test Signal | |l [ |
Generatpr/Amp | | b —————— 4
(16,6 Hz-80 MHz) | | IRG and actual lead Or  IPG and lead model
e——0 A I I
1 1

Key
A testsighal input (Vpp)
B testsighal monitor point

C  stimulation waveform monitor point
Figure 101 — Injection network diagram for the range of frequencies from 16,6 Hz to 80 MHz

Port A is where the test signal generator, and if needed a suitable amplifier, is connected and is where
Vppisinjecked into the tisstie interface board. The test signal generator shall have the ability to modullate
a carrier waveform,according to the modulation requirements listed later in this subclause.

Port B is where an-oscilloscope (2450 MHz, 21 Giga-sample per second) is connected in order to monjitor
the Vpp wapeform delivered to the DUT.

Port C is where an oscilloscope (2450 MHz, 21 Giga-sample per second) is connected in order to monitor
the DUT output waveform during the immunity test.

In this document, the term “oscilloscope” may also be interpreted as including data acquisition systems
capable of performing similar measurements.

The tissue-electrode interface model simulates the impedance created by the tissue-electrode interface
and also matches signal generator output to the injection circuit. The injected test voltage (Vpp) is based
on the theoretical open circuit voltage (Voc) seen across the entire INS system. The interface model
would not have to be used but then the entire test voltage would be applied across the IPG and leads. In
actual practice, the voltage presented to the IPG is less by a relative amount.

NOTE Annex BB describes the determination of V¢ and Vpp used in this subclause.
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The low pass filter provides points where the monitoring oscilloscope can be connected to observe DUT
output stimulation waveforms during the test. Without this filter, it would be more difficult to separate
the injected signal from the DUT output waveform.

The lead interface simulates the therapy lead impedance. This may be accomplished by using an actual
lead or by circuit model simulation of an actual lead. Both approaches are represented in Figure 101.

Test procedure: A test signal generator, monitoring oscilloscopes, and the DUT are connected to the
injection network as indicated in Figure 101. DUT output stimulation will need to be selected so that
the output waveform can be reasonably monitored throughout the test. If the design of the DUT is
equivalent for all electrodes, then only one configuration needs to be tested (see 27.102.2). In that case,
it isinot necessary to exercise several combinations of anodes and cathodes.

The frequency range of the applied test signals (Vpp) shall be stepped from 16,6 Hz t@,80 MKz, pausing
to ddjust the signal level and to allow enough time for the DUT behavioural response’to bé¢ observed.
Inctemental steps are indicated in Table 104.

Test signal levels (Vpp) are shown in Table 105 and shall be applied to Port Ai(see Figure 101) according
to the frequency ranges and lead lengths shown in Table 105. The amplitude of the test signall is defined
as the peak-peak amplitude, before modulation, as measured on Port B-in Figure 101.

Atlpw frequencies and shortlead lengths, Vpp might be very small. Inithese cases, the manufacturer may
deteérmine the start frequency based on voltages too low to calise a circuit response. For ¢xample, at
voltlages lower than a forward bias diode voltage drop. Ratiorfale 'shall be provided. The stoy] frequency
is always 80 MHz.

Table 104 — Frequency steps for; the voltage injection test

Incrementalfrequency steps

Hz 16,6 20 30 40 50 60 70 80 90 — —
Hz 100 200 300 400 500 600 700 800 900 — —
kHz 1 2 3 4 5 6 7 8 9 — —
kHz 10 20 30 40 50 58 60 70 80 90 —
kHz 100 134 150 200 300 400 500 600 700 800 900
MHz 1 2 3 4 5 54 6 6,78 7 8 9
MHz 10,1 13,56 14,2 18,1 21 249 27,12 29 35 40,68 —
MHz 50 60 70 80 — — — — — — —

Table 105 — Peak-peak injected test levels Vpp

Vpp (Volts peak-peak)
Frequency range (f)
Lead length (/) 70 cm to 50 cm | Lead length (1) 49 cm|to 2 cm
0,016 6 kHz to 0,400 kHz 0,30xfx12/4900
B4tHz+0-3;0-+Hz 81251414966
3,0 kHz to 150,0 kHz 0,04xfx12/4900
0,15 MHz to 6,0 MHz 6,0x12/4900
6,78 MHz to 24,9 MHz 6,0x12/4900 3,0x1/50
27,12 MHz to 35,0 MHz 6,0 6,0x1/50
40,68 MHz to 80,0 MHz 8,0 8,0x1/50

NOTE 1 fexpressedin kHz or MHz as indicated.
NOTE 2 Testamplitude (Vpp) before modulation.

NOTE 3 [(lead length) expressed in cm.

Over the range of frequencies from 16,6 Hz to 80 MHz, the following three types of modulation shall
be used.
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Modulation 1: To be used for the range of frequencies 16,6 Hz to 1 kHz. The test signal, Vpp, shall be
sinusoidal continuous wave (CW).

Modulation 2: To be used for the range of frequencies 1 kHz to 150 kHz. The test signal, Vpp, shall be
sinusoidal carrier, amplitude modulated with a 2 Hz sine wave. See Figure 102.

Modulation 3: To be used for the range of frequencies 150 kHz to 80 MHz. The test signal, Vpp, shall be
sinusoidal carrier, amplitude modulated with a 1 kHz sine wave. See Figure 102.

The modulation index, M, for Figure 102 shall be 0,95, where

M=-M
V:

Vm
=
—
>
—
=

Key
VM peak vdlue of modulating signal
Vc peak vdlue of carrier (unmodulated test signal)

Figure 102 — Amplitude modulated test signal for voltage injection test

Evaluation|of test results: The DUT shall meet the imimunity pass/fail criteria determined by |the
manufactulrer.

27.105.2 Radiated magnetic field test forfrequencies 1 kHz to 150 kHz
For this tegt, leads are not required.

Test equipment: A field coil capable of-generating a magnetic field as shown in Table 106 in the regiop to
be occupied by the DUT. The levels-shown are minimum values to be maintained across the expoqure
area. A signal generator/amplifier capable of providing the drive current necessary to produce(the
required field strength.

Table 106 — Minimum magnetic field test levels H

Frequency range (f) H (A/m rms)
1T kHz to 3 kHz 84/f
3 kHz to 150 kHz 28

NOTE 1 fintkHz:
NOTE 2 Testamplitude (H) before modulation.

Test procedure: Place the DUT, appropriately terminated, within the field coil so that it is centred in the
field. Orient the DUT so that the plane of the largest surface area is aligned with the axis of the field
coil. This will maximize the exposure of internal DUT coils if they are perpendicular to the primary
magnetic flux lines of the field coil. This is the only orientation of the DUT that is required.

The frequency range of the applied radiated magnetic field shall be stepped from 1 kHz to 150 kHz,
pausing to adjust the signal level and to allow enough time for the DUT behavioural response to be
observed. Incremental steps are indicated in Table 107.
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Table 107 — Frequency steps for the radiated magnetic test

Incremental frequency steps

kHz 1 2 3 4 5 6 7 8 9
kHz 10 20 30 40 50 58 60 70 80 90
kHz 100 134 150 — — — — — — —

Over the range of frequencies from 1 kHz to 150 kHz, the test signal, H, shall be sinusoidal carrier,
amplitude modulated with a 2 Hz sine wave. See Figure 103.

Th

Key
147
Vc

Eva

h [ PR - pa | NI £ A - 1010 1 111 raway 1
HMIUUUIAUIUIT HITUTA, VT, TUL I'IgUI T 1V SlidIT UT U, 7J, WIITTT

Vm
>
=

—
>
—

peak value of modulating signal
peak value of carrier (unmodulated test signal)

Figure 103 — Amplitude modulated test signal for radiated magnetic test

manufacturer.

27.
For

Tes
larg
rep

106 Protection from EM disturbances over the frequency range 80 MHz to 2,7 GHz
this test, the saline bath will:accomplish the INS termination impedance requirement.

equipment: Use equipment as specified in IEC 61000-4-3 and a saline bath of 0,27 S/m ca
e enough to accommodate the DUT within the uniform electric field. A conductivity d
Fesents an average~value of tissue conductivity. Other values of conductivity may

appropriate for a specific location of intended use in the body.

Tes
thid

Thd

procedure:Follow the methods specified in IEC 61000-4-3 unless superseded by a requ
document.

DUT ‘shall be placed within the saline bath as shown in Figure 103. The IPG and lead

plad

juation of test results: The DUT shall jneet the immunity pass/fail criteria determimed by the

nductivity,
f 0,27 S/m
be used if

irement in

s) shall be

edin the same plane and this plane and largest face of the IPG shall face the antenna. Lé

ad routing

is not essential but the distance between the distal end and the IPG shall be 50 cm for leads 50 cm and
longer. For leads less than 50 cm in length, the lead(s) shall be extended to its full length.

The test shall be performed using two antenna polarizations, vertical and horizontal.

The frequency of the applied test signal shall be from 80 MHz to 2,7 GHz using modulations, step
sizes, and dwell times as specified in IEC 61000-4-3. The applied test level shall be 10 V/m rms, before
modulation.

Any ancillary equipment that is needed to operate the neurostimulator or monitor its output during the
test shall be selected and located to minimize disruption of the uniform field.
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IPG

Figure 104 — IPG and lead layout

Evaluation|of test results: The DUT shall meet the immunijty-pass/fail criteria determined by |the

manufactufrer.

27.107Prgtection from proximity fields due to RF wireless communications equipment

For this tegt, the saline bath will accomplish the INS’termination impedance requirement.

This test can be performed at two test distances, 15,5 cm and 2,5 cm, as shown in Table 108. Other

added to the accompanying documentation (see 28.22). The statement shall be worded to the efffect

than distance, all test requirements are the-same. If the 15,5 cm distance is used, a statement she;ylr be

that: Portable RF communications equipment (for example mobile phones) should be kept a mininjum
distance of 15 cm (6 inches) from the area of the implanted device. No statement is required if the PUT

meets acceptance criteria (see 27.102.1) at the 2,5 cm optional distance.

Test equipment: Use equipnient as referenced in Table 108.

Test methdd: In generalk; this test shall use the dipole method of 1SO 14117:2012, 4.9. ISO 14117 |has
been writtlen for pacemakers and ICD’s so some requirements have been modified and some are|not

applicable.[See Table"108 for specific requirements.

Table 108 — Proximity test method requirements

ISO 14117 sub- Test method requirement
clause

49.1 Not applicable

49.2.1 Applies with no modification

49.2.2 Modification: Dipole element axis centreline to saline surface shall be 15 cm
Modification: Dipole element axis centreline to device surface shall be 15,5 cm
Other values of saline resistivity may be used if appropriate for a specific location of intended
use in the body. Resistivity (ohm-m) as used in ISO 14117 is the reciprocal of conductivity (S/m)
as used elsewhere in Clause 27. 375 ohm-cm is the equivalent of 0,27 S/m.

49.2.3 Modification: Align the connector bore that is closest to the IPG can with the X-axis
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Table 108 (continued)

ISO 14117 sub- Test method requirement
clause

49.2.4 a) Modification: VSWR = 1,9:1
b) Modification: Test frequencies and modulation shall be as shown in Table 109

49.2.5 Not applicable

49.2.6 Applies with no modification

49.2.7 Modification: Simulated heart waveform is not applicable. Physiological simulation, if used, is
applied to the secand pair of plates as described

4913.1 Modification: Use the Test procedure described after this table

4913.2 Modification: optional characterization testing is performed as follows:
— dipole element axis centreline to saline surface shall be 2 cm
— dipole element axis centreline to device surface shall be 2,5 cm
All other requirements of Table 108 apply.

494 Not applicable

Test procedure: Set up the test equipment in accordance with 1SO 14117:2012, Figure G.2. |ECG signal

soufce” in ISO 14117:2012, Figure G.2 is replaced by “physiologieal‘'simulation”.

a)

Plag
the
Pat

Set
RF
pur|

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

X-axis testing

ent physiological simulation shall be on or off, as;appropriate.

e a dipole antenna on the grid with the axis of thé:antenna elements parallel to the X-axis, with

dipole reference point centred over the DUT reference point at the elevation specified in Table 108.

the carrier frequency to match the dipolelantenna being used. Set the corresponding| dipole net
bower as shown in Table 109. Record the forward and reflected power readings for docymentation
poses. The net power calculation is presented in [SO 14117:2012, Annex K.

b) |Y-axis testing
Repeat a) with the antenna(elements parallel to the Y-axis.
c) |Testing at remaining frequencies
Repeat a) and b)«or“all frequencies listed in Table 109 using the appropriate dipole arfjtenna and
power levels.
Table 109 — Test frequencies, modulations, and net RF power
Test frequency Pulse modulationa Net RF powdr
MHz W rms
385 18 Hz 1,8
450 18 Hz 2
710 217 Hz
745 217 Hz 0,2
780 217 Hz

a

All test frequencies are pulse modulated using a 50 % duty cycle square wave signal.

© IS0 2017 - All rights reserved
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Table 109 (continued)
Test frequency Pulse modulation2 Net RF power
MHz W rms
810 18 Hz
870 18 Hz
930 18 Hz
1720 217 Hz 2
1845 217 Hz
1950 217 Hz
2450 217 Hz
a  All test {requencies are pulse modulated using a 50 % duty cycle square wave signal.

Evaluation|of test results: The DUT shall meet the immunity pass/fail criteria detefrhined by |[the
manufactujrer.

28 Accompanying documentation

This clausq of ISO 14708-1 applies except as follows.
28.1
Addition:

The manufacturer’s telephone number shall be provided¥in"the accompanying documentation. [The
manufactufrer’s email address and web URL may also be provided as an option.

28.12

Addition:
NOTE Additional warning notices are required for MR Conditional devices. See 22.2.
28.13

Addition:
NOTE Additional informatiomis required for MR Conditional devices. See 22.2.
28.22
Replacement:

The accompanying documentation shall provide warnings or precautions to be taken to prevent advé¢rse
effects to the-patient due to hazards associated with electromagnetic disturbances (e.g. EAS, RFID),jand

Other adve saanviranmaental caonditione (o o aviramao tamnaoeratuura variatiane af nroccira)l
& e-g—extreerempetattie Yt o RS pressSHey-

TTv-r-orrrrrerreorr TICITeToTT

NOTE Additional warning notices are required for MR Conditional devices. See 22.2.
28.23

Addition:

NOTE Additional warning notices are required for MR Conditional devices. See 22.2.
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Additional subclauses:

28.104 The accompanying documentation shall include a patient ID card bearing space for at least the
following information:

model designation and name of the device;

serial number or lot number of the device;

NOT

Compliance is checked by inspection.

1dentity of the patient;

date of implantation;

name and telephone number of the treating physician;
manufacturer’s contact telephone number (see 28.1);

text that says the patient has an implanted medical device.

E Additional information is required for MR Conditional devices.See22.2.

28.105For devices using wireless technologies, the accempanying documentation shall dddress the

follpwing topics if applicable (see of ISO 14708-1:2014, 5:4>and 5.101):

Compliance is checked by inspection.

a brief description of the wireless QoS needed for safe and effective operation;

a brief description of the recommended wireless security measures such as the WPA
encryption for IEEE 802.11 technology;

information about any wireless coexistence issues and mitigations. This can include pred
proximity to other wireless products, and specific recommendations for separation dist
such products.

2 wireless

autions for
hnces from
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Annex AA
(normative)

Relationship between the fundamental principles in ISO/
TR 14283 [1] and the clauses of this document

Fund

amental principles in ISO/TR 14283

Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

3 Ge

neral principles

3.1 Thei

clinical co

theiruse co
the benefits
level of pro

plants should be designed and manufactured

in such a why that, when used under the conditions and
for the purposes intended, they will not compromise the

ition or the safety of patients, or the safety

and health pf users or, where applicable, other persons,
provided tlhat any risks which may be associated with

stitute acceptable risks when weighed against
to the patientand are compatible with a high
fection of health and safety.

8.1

Retained.

3.2 Thes
design and
to safety p
acknowled
propriate s
following p

a) elimina
safe design
b) where

ures, inclug
that cannof

¢) inform
comings of

lutions adopted by the manufacturer for the

construction of the implants should conform
Finciples, taking into account the generally
bed state of the art. In selecting the most ap-
plutions, the manufacturer should apply the
rinciples in the following order:

fe or reduce risks as far as possible (inherently
and construction);

hppropriate, take adequate protection fieas-
ing alarms if necessary, in relatioy to risks
be eliminated;

users of the residual risks due-to any short-
the protection measures adopted.

Note 1

3.3 The
intended by
tured and
for one or

ISO/TR 1472

implants should achiéve‘the performance
the manufacturer andbe designed, manufac-
ackaged in such alwgy that they are suitable
more of the furnctions referred to in 3.1 (of
83:2004), as.spécified by the manufacturer.

10.4

Retained.

NOTE 1 This
NOTE 2 Not
NOTE 3 Not

principleds fundamental to all aspects of an active implantable medical device addressed by 1SO 14708.

hpplicable to active implantable medical devices.

applicable because 14.1 requires that implantable parts of an active implantable medical device be prov

sterile.

ded

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the
accompanying documentation.

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.

18
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Fundamental principles in ISO/TR 14283

Subclauses of

Clauses of ISO 14708-3 and

ISO 14708-1 aspects covered
3.4 When the implant is subjected to stresses which 19.2 Retained.
can occur during normal conditions of use, the charac- 193 Retained
teristics and performances referred toin 3.1, 3.2 and 3.3 ) :
(of ISO/TR 14283:2004) should not be adversely affected 23.1 Amendment.
to such a degree that the clinical conditions and safety 23.2 Retained
of the patients and, where applicable, of other persons ' ctained.
are compromised during the lifetime of the implant as 23.3 Retained.
indicated by the manufacturer. 234 Retained.
23.5 Retained.
23.6 Retained.
26.1 Retained.
28.4 Retained,
28.23 Amendiment.
3.5 The implants should be designed, manufactured, 7.2 Retained.
and packed in such a way that their characteristics and 101 Ratained
peifformances during their intended use will not be ' ’
adversely affected during transport and storage, when 10.2 Retained.
takling into account the instructions and information .
. 10.3 Retained.
provided by the manufacturer.
123 Retained.
26.2 Retained.
3.6 Any undesirable side-effect should constitute an 19.3 Retained.
acc bptable risk when weighed against the performances 19.4 Retained.
int¢nded.
4 | Specific principles regarding design and“con-
strjction
4.1] Chemical, physical, and biological(properties
4.1{1 The implants should be designed and manufac-
turpd in such a way as to guaranteg the characteristics
and performances referred to,ini€lause 3 on general
prifpciples. Particular attention'should be paid to:
a) [the choice of materialsused, particularly as regards 14.3 Retained.
tox|city and, where appropriate, inflammability,
b) | the compatibility’between the materials used and 14.3 Retained.
biological tissues;cells, and body fluids, taking into ac-
count the intended purpose of the implant.
4.1]2 Theimplants should be designed, manufactured 14.2 Retained.
?)nc packegl in such a way as to minimize the_rlsk pose?d 143 Retained.
y ¢ontaminants and residues to the persons involved in
theltransport, storage, and use of the implants and to the

patients, taking into account the intended purpose of the
product. Particular attention should be paid to the tissues
exposed and to the duration and frequency of exposure.

NOTE 2 Not applicable to active implantable medical devices.

sterile.

accompanying documentation.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided
NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Fundamental principles in ISO/TR 14283

Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

into contac

medicinal p
and restric

4.1.3 The implants should be designed and manufac-
tured in such a way that they can be used safely with the
materials, substances, and gases with which they enter

t during their normal use or during routine

procedures. If the implants are intended to administer
medicinal products, they should be designed and man-
ufactured in such a way as to be compatible with the

roducts concerned according to the provisions
tions governing these products and such that

19.5

Retained.

their perfot
intended u

mance is maintained in accordance with the
e.

4.1.4
substance Y
to be a me
TR 14283:2
with actiorn]
quality, and
takinginto

If ap implant incorporates, as an integral part, a

which, if used separately, may be considered
dicinal product as defined in 2.7 (of ISO/
004) and which is liable to act upon the body

ancillary to that of the implant, the safety,
usefulness of the substance should be verified,
account the intended purpose of the implant.

14.4

Retained.

4.1.5 Th{
turedin su
posed by sy

b implants should be designed and manufac-
th a way as to reduce to a minimum the risks
bstances leaking from the implant.

25

Retained.

4.1.6 Imy
in such a W
posed by th
implant, ta
of the enviy

lants should be designed and manufactured
ay as to reduce, as much as possible, risks
e unintentional ingress of substances into the
king into account the implant and the nature
onment in which it is intended to be used.

25

Retained.

4.1.7 Img
in such aw
user by the
software.

lants should be designed and manufactured
Ay as to minimize the risks to the patient or
programming and control systems, including

19.3

Retained.

4.2 Infed

tion and microbial contamination

4.2.1 The
be designed
as possible
third partid
where nece|
by the pati¢

mplants and manufacturing processes should

in such a way as to eliminate erxeduce as far
the risk of infection to the patient, user, and
s. The design should allow'easy handling and,
5sary, minimize contamiination of the implant
nt or vice versa during use.

141

Retained.

NOTE 1 Thig
NOTE 2 Not

NOTE 3 Not
sterile.

NOTE 4 For
accompanyi

hpplicable to active implantable medical devices.

hg-documentation.

principle is fundamental to all aspects of an active implantable medical device addressed by 1SO 14708.

applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

implantable parts of an active implantable medical device, all operating instructions are provided in

the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Fundamental principles in ISO/TR 14283

4.2.2 Tissues of animal origin should originate from
animals that have been subjected to veterinary controls
and surveillance adapted to the intended use of the tissues.

Information on the geographical origin of the animals
should be retained by the manufacturer. Processing,
reservation, testing, and handling of tissues, cells, and
substances of animal origin should be carried out so as
to provide optimal security. In particular, safety with

regpTd to VITUSES aImd Other tramnsferabte agents siroutd
be addressed by implementation of validated methods
of dlimination or viral inactivation in the course of the
mahufacturing process.

4.2]3 Implantsdelivered in a sterile state should be de-
sighed, manufactured, and packed in protective packaging
which provides a microbial barrier to ensure that they
are|sterile when placed on the market and remain sterile,
under the storage and transport conditions stipulated
by the manufacturer, until the protective packaging is
darhaged or opened.

4.2{4 Implants delivered in a sterile state should haye
bedn manufactured and sterilized by an appropriate,
valjdated method.

4.2l5 Implants intended to be sterilized should be
mahufactured in appropriately controlled (e:g. environ-
mehtal) conditions.

4.2.6  Packaging systems for non-sterile implants
shquld keep the product without deterioration at the
lev¢l of cleanliness stipulated afidy if the implants are to
be gterilized prior to use, mirimize the risk of microbial
conftamination. The packaging'system should be suitable,
takfing into account theshethod of sterilization indicated
by the manufacturer:

4.2|7 The packagingand/or label of the implant should
disfinguish between identical or similar products sold
in Hoth sterile and non-sterile conditions.

Subclauses of Clauses of ISO 14708-3 and
ISO 14708-1 aspects covered
Note 2 —
7.1 Retained.
7.2 Retained!
10.1 Retained.
10.2 Retained.
11.7 Retained.
119 Retained.
1241 Retained.
12.2 Retained.
14.1 Retained.
14.1 Retained.
14.1 Retained.
14.2 Retained.
Note 3 —
Note 3 —

NOTE2.Not applicable to active implantable medical devices.

NOTE 1 This'principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

sterile.

accompanying documentation.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Fundamental principles in ISO/TR 14283

Subclauses of

Clauses of ISO 14708-3 and

ISO 14708-1 aspects covered
4.3 Construction and environmental properties
4.3.1 Iftheimplantisintended for use in combination 9.9 Retained.
with other devices or equipment, the whole combination, 118 Retained
including the connection system, should be safe and should ) '
not impair the specified performances of the devices. Any 23.6 Retained.
restrictions on use should be indicated on the label or in .
. . 28.4 Retained.
the instructions for use.
28.5 Retained.
4.3.2 Implants should be designed and manufactured
in such a wdy as to remove or minimize as far as possible,
the following:
a) risk of injury, in connection with their physical fea- 15.1 Retained.
tures, including the volume: pressure ratio, dimensional .
. . 15.2 Retained.
and where pppropriate ergonomic features;
b) risks dqonnected with reasonably foreseeable envi- 231 Amendment.
ronmental fonditions, such as magnetic fields, external .
T o 23.2 Retained.
electrical ipfluences, electrostatic discharge, pressure,
temperatuie, or variations in pressure and acceleration; 24 Replacement.
25 Rétained.
26.2 Retained.
27 Replacement.
c) risks df reciprocal interference with other devices 20.% Not used.
(such as defibrillators or hlgh-.freque'ncy.surglcal equip- 202 Retained.
ment) normally used in the investigations or for the
treatment given; 21 Replacement.
22 Addition.
28.12 Addition.
28.13 Addition.
28.14 Retained.
28.15 Retained.
d) risks that may arise where maintenance and cali- 17 Replacement.
bratlon arefimpossible, including (1-fapp11cable) excessive 191 Retained.
increase of{leakage currents, ageing of materials used,
excess heatlgenerated by theitiplant, decreased accuracy 19.2 Retained.
of any meaguring, or contnolmechanism.
4.3.3 Implants should®be designed and manufactured 5 Retained.
in such a wdy as to minimize the risks of fire or explosion
during normal conditions and fault conditions. By “risks
during norJE/al cenditions and fault conditions” are meant
those risks which have been determined by a risk analysis.

Particular attention should be paid to implants whose
intended use includes exposure to flammable substances
or to substances which could cause combustion.

4.4

Implants with a measuring function

sterile.

NOTE 2 Not applicable to active implantable medical devices.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the
accompanying documentation.

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

4.4.1 Implants with a measuring function should be
designed and manufactured in such a way as to provide
sufficient accuracy and stability within appropriate
limits of accuracy and taking into account the intended
purpose of the implant. The limits of accuracy should be
indicated by the manufacturer.

5

Retained.

4.4.1.1 The measurements, monitoring, and display
scale should be designed in accordance with ergonomic

Retained.

the|limplant.

3 v | ol Y Farn N S dad £
pI'l TCTPTCS, TanTITg HIITO at COUTT T CITCTIIIeCTIaCt pUuT pOUSTTUT

4.4]1.2 Ifanimplantoritsaccessories bear instructions
required for the operation of the implant or indicates
opdrating or adjustment parameters by means of a visual
system, such information must be understandable to the
user and, as appropriate, the patient.

13.4

Retained.

Retained.

4.4{2 The measurements made by implants with a meas-
uripg function should be expressed in units conforming
to the provisions of the ISO 31- series.

Retained.

NOTE 2 Not applicable to active implantable medical devices.
stetfile.

accompanying documentation.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts.of'‘an active implantable medical device|be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are propided in the

NOTE 5 In the general case, warnings and precautions,.éxcept for those dealing with special handling conditions [see
4.8.B.h)], should be described in the accompanying docuniéntation instead of on the label.
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Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

4.5 Protection against radiation

4.5.1 General

Implants should be designed and manufactured in such a
way that exposure of patients, users, and other persons
toradiation is reduced as far as possible, compatible with
the intended purpose, while not restricting the applica-
tion of appropriate specified levels for therapeutic and

diagnostic

purposes.

See more par-
ticular require-
ments below.

4.5.2 Int

pnded radiation

Note 2

4.5.3 Un

Implants sh
way that ex
the emissio
is reduced

ntended radiation

ould be designed and manufactured in such a
bosure of patients, users, and other persons to
n of unintended, stray, or scattered radiation
hs far as possible.

9.1
18.1
18.2
18.3
28.2

Retained.
Retained.
Retained.
Retained.

Retained.

4.5.4

lnsFructions

Note 2

4.6 Ioniinng radiation

Note 2

4.7 Princ
with an e

les for implants connected to or equipped
rgy source

4.71 Gen

eral

4711 Im
systems sh
reliability,

to their intg
as determirn
system, app|
or reduce a

blants incorporating electronic programmable
buld be designed to ensure the repeatability,
nd performance of these systems according
nded use. In the event of risks (of the system)
ed by arisk analysis for the particular device/
ropriate means should be adopted to eliminate
s far as possible their risk.

19.3

Retained.

471.2 1
depends on
with amear

mplants for which the safety of the-patients
an internal power supply should be equipped
s of determining the state of the flewer supply.

19.2

Retained.

4.71.3 In
unequivocd
type of imp
if necessar

plants should bear, if practi¢alland appropri-

ate, a code by which they and their manufacturer can be

lly identified (particularly with regard to the
lant). It should be paossible to read this code,
, without the needfor a surgical operation.

13.3
28.6

Retained.

Retained.

4.7.1.4 Fo
depends on
supply sho
power faily

- implants forqvhich the safety of the patients
an external power supply, the external power
uld include/an alarm system to signal any
re.

Retained.

4.71.5 Ex

ernaldevices intended to monitor one or more

clinical par

bmeters from an implant should he equipped

Retained.

of the patie

with appropriate alarm systems to alert the user to sit-
uations that could lead to death or severe deterioration

nt’s state of health.

sterile.

NOTE 2 Not applicable to active implantable medical devices.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the
accompanying documentation.

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

4.7.2 Protection against electrical risks

4.7.2.1 Implantsshould be designed and manufactured
in such a way as to avoid, as far as possible, the risk of
accidental electric shocks during normal conditions
and fault conditions provided the implants are installed
correctly. By the “risks during normal conditions and
fault conditions” are meant those risks which have been
determined by arisk analysis for the particular device(s).

16.1

Retained.

Retained.

4.712.2 Active implants should be designed and manu-
factured in such a way as to minimize the risks connected
with the use of energy sources with particular reference,
where electricity is used, to insulation, leakage currents,
and overheating of the devices.

16.2
16.3
171
26.1

Retained.
Retained.
Replacement.

Retained.

4.713 Protection against mechanical risks

4.713.1 Implantsshould be designed and manufactured
in quch a way as to protect the patient and user against
merfhanical risks, for example, those connected with
res|stance, stability, and moving parts.

Retained.

4.7]3.2 Implants should be designed and manufactured
in quch a way as to minimize the risks arising from vi-
braftion generated by the implants, taking into account
technical progress and the means available for limiting
vibfation, particularly at source, unless the vibrations
are|part of the specified performance.

Retained.

4.7{3.3 Implants should be designed and manufactured
in quch a way as to minimize the risks arising fronithe
noige emitted, taking into account technical progress
and the means available to reduce noise, particularly at
source, unless the noise emitted is part of the specified
peqformance.

Retained.

4.7/13.4 Terminals and connectors-to electricity, gas,
or hydraulic and pneumatic energy supplies which the
user has to handle should be désighed and constructed
in quch a way as to minimize @ll possible risks.

Retained.

4.7]:1 Protection against.the risks posed to the pa-
tient by energy supplies‘or substances

4.714.1 Implants&§hould be designed and constructed
in quch a way thatthe proper functioning of the pro-
graimming and gontrol systems, including software, do
notljeopardize‘the safety of the patient and of the user,
takjing inte.account the intended use.

19.3

Retained.

4.742- Tmplants designed to supply energy or administer

ot ol cubctanonc chonldbo dacigna o decaoncirucotad

Retained.

e o
mediethatsubstancesshould-be-designed-and-constructed

in such a way that the flow rate can be set and maintained
accurately enough to minimize the risk to the patient.

NOTE 2 Not applicable to active implantable medical devices.
sterile.

accompanying documentation.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Fundamental principles in ISO/TR 14283 Subclauses of Clauses of [SO 14708-3 and
ISO 14708-1 aspects covered
4.7.4.3 Implants designed to administer medicinal 5 Retained.
products should incorporate suitable means to prevent
and/or indicate any inadequacies in the flow rate which
could pose a danger.
4.7.4.4 Implantsdesigned to supply energy or administer 5 Retained.
medicinal substances should be designed and constructed
so that suitable means are incorporated to minimize the
risk of accidental release of dangerous levels of energy
or the medijeiral-stbstanee:
4.8 Information supplied by the manufacturer
4.8.1 E4ch implant should be accompanied by the 10.4 Retained.
informatioh needed to use it safely and to identify the .
o o 12.3 Retained.
manufactyrer, taking into account the training and
knowledge|of the potential users.
This infornpation comprises the details on the label and
the data in fhe instructions for use.
As far as practicable and appropriate, the information
needed to yse the implant safely should be set out on the
implantits¢lfand/or on the packaging for each unit or, if
appropriate on the sales packaging. If individual packaging
of each unifis not practicable, the information should be
set outin the leaflet supplied with one or more implants.
Instructiorfs for use should be included in the packaging
for every immplant.
4.8.2 Where appropriate, this information should take 4 Retained.
the form of symbols. Any symbol or identification colour
used shoulfl conform to International Standards. If no
standards ¢xist, the symbols and colours should be de-
scribed in the documentation supplied with the implant.
4.8.3 Thg label should bear the following patticulars: 5 Retained.
a) the name or trade name and address ©f the manu- 9.2 Retained.
facturer; 111 Retained.
b) the dethils strictly necessary for the user to identify 9.3 Retained.
the implant and the contents of the-packaging; 94 Retained.
9.8 Retained.
9.10 Retained.
11.6 Retained.
11.7 Retained.
c¢) where|appropriate, an indication that the contents 9.5 Retained.
of the packaging are sterile (e.g. STERILE J; 112 Retained.
11.3 Retained.
NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.
NOTE 2 Not applicable to active implantable medical devices.
NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided
sterile.
NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the
accompanying documentation.
NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Subclauses of

Clauses of ISO 14708-3 and

implant is properly used and can operate correctly and
safely, plus, where appropriate, information allowing the
lifetime of the energy source to be established;

ISO 14708-1 aspects covered
d) where appropriate, the batch code or the serial 9.3 Retained.
number (SN), preceded by an appropriate identification .
(e.g. “LOT” or “SN” respectively); 11.6 Retained.
e) whereappropriate, anindication of the date by which 9.7 Retained.
the implant should be used; 115 Retained.
f) anindication that the implant is for single use; 28.18 Retained.
g) if appropriate, any indication of special purpose 9.12 Retained.
_(e.g. c_ust_om-r"nade device” or "exclusively for clinical 11.10 Retained.
investigations”);
h) | any special storage and/or handling conditions; 9.11 Retained.
i) |any special operating instructions; Note 4 —
j) |any warnings and/or precautions to take; Note 5 —
k) [foractive implants, month and year of manufacture; 9.6 Retained.
11.4 Retained.
1) |if applicable, method of sterilization. 11.2 Retained.
4.8{4 Ifthe intended purpose of the implant is not ob- 9.10 Retained.
viofis to the user, the manufacturer should clearly state
it oh the label and in the instructions for use.
4.8l5 Wherever reasonable and practicable, the im- 8.2 Addition.
plahts and detachable components should be identified, .
: s . 13.1 Retained.
if appropriate in terms of serial numbers or batches, to
alldw all appropriate actions to be taken following dis- 13.2 Retained.
covlery of any potential risk posed by the implants and
detpchable components.
4.8l6 If appropriate, the instructions for use\should
conftain the following particulars:
a) | the details referred to in 4.8.3, with:the exception 28.1 Addition.
of ), €), and k); 28.3 Retained.
28.16 Retained.
28.18 Retained.
28.21 Retained.
b) |the performancesteferredtoin ISO/TR 14283:2004, 28.8 Retained.
3.3land any undesitable side-effects;
¢) | if the implantshould be used with or connected to 28.4 Retained.
othler medical devices or equipment in order to operate 28.5 Retained
as fequired-for its intended purpose, sufficient details ' )
of ifs chakacteristics to identify the correct implants or 28.9 Retained.
eqyipment to use in order to obtain a safe combination;
d) all the information needed to verify whether the 28.10 Retained.

NOTE 2 Not applicable to active implantable medical devices.

sterile.

accompanying documentation.

NOTE 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided

NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Subclauses of

ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

e) where appropriate, information to avoid specified
risks in connection with implantation of the implant;

f)  information regarding the risks of reciprocal in-
terference posed by the presence of the implant during
specific investigations or treatment;

g) the necessary instructions in the event of damage
to the sterile packaging and, where appropriate, details
of appropriate methods of resterilization;

28.11

28.12

28.17

Retained.

Addition.

Retained.

h) ifimplgnts are supplied with the intention that they
be sterilizefl before use, the instructions for cleaning and
sterilizatioh should be such that, if correctly followed,
the implant will still comply with the principles in ISO/
TR 14283:2004, Clause 3;

i) details pfany further treatment or handling needed
plant can be used (for example, sterilization,
ly, etc.);

ical purposdes, details of the nature, type intensity, and
distributiop of this radiation.

The instructions for use should also include details
allowing the medical staff to brief the patient on any
contra-indi¢ations and any precautions to be taken. These
details shoyld cover in particular:

k) precatitions to be taken in the event of changes in
the performance of the implant;

1) precadtions to be taken as regards exposure to, in
reasonably| foreseeable environmental conditions, eg.
magnetic flelds, external electrical influences, electro-
static discharge, pressure or variations in préssure,
acceleratiop, thermal ignition sources, etc.;

28.17

Note 3

Note 2

28,19

28.20
28.22

Retained.

Retained.

Retained.

Replacement.

m) adequate information regarding the medicinal
product or|products which the implantin question is
designed td administer, including any limitations in the
choice of sybstances to be delivered;

n) precaufions to be taken against any special, unusual
risks relatdd to the disposal.6f the implant;

0) medicinfal products in¢orporated into the implantasan
integral parfin accordanceswith 1ISO/TR 14283:2004, 4.1.4;

p) degrde of accirdcy claimed for implants with a
measuring ffunction:

28.7

28.24

28.8

Retained.

Retained.

Retained.

Retained.

NOTE 1 Thid ptinciple is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

NOTE 2 Not applicable to active implantable medical devices.

sterile.

accompanying documentation.

NOTE 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device be provided
NOTE 4 For implantable parts of an active implantable medical device, all operating instructions are provided in the

NOTE 5 In the general case, warnings and precautions, except for those dealing with special handling conditions [see
4.8.3.h)], should be described in the accompanying documentation instead of on the label.
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Subclauses of
ISO 14708-1

Clauses of [SO 14708-3 and
aspects covered

4.9

Clinical evaluation

If conformity with the fundamental principles for im-
plants should be based on clinical data, such data should
be established by either

a)

cur

a compilation of the relevant scientific literature
rently available on the purpose intended by the

manufacturer, or

b)

thaovracultc of A1l +hao clinical inuactigatione carrind
HE-FESHHS-O+atte-cr

19.4

Retained.

Ratainad

out|
the|

crrrrtor ity e ot orerorro-tatrrreer

in a way that protects the human subjects and ensures
scientific conduct of the investigation.

Teetorree

NO’
NOT
NOT
steq
NOT
acc
NO’
4.8,

[E 2 Not applicable to active implantable medical devices.

ile.

mpanying documentation.

['E 1 This principle is fundamental to all aspects of an active implantable medical device addressed by ISO 14708.

[E 3 Not applicable because 14.1 requires that implantable parts of an active implantable medical device|be provided
'E 4 For implantable parts of an active implantable medical device, all operatifhg)instructions are proyided in the

'E 5 In the general case, warnings and precautions, except for those dealihg with special handling copditions [see
3.h)], should be described in the accompanying documentation instead of on‘the label.
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Annex BB
(informative)

Rationale

ral

BB.1Gen

The follow
The notesi
numbering

BB.2Not

1 Noi
to an impla

5.5.4 Wh
considerat

stimulation energy resulting in nerve damage and overstimulation-related hazards that could oq

as a result
device com
ISO 14971
acceptable

171 Iti
ISO 14708-

understangls that the actual “normal surrounding body temperature” is influenced by several fac

including t
the purpos
test metho
the body a

CEM43 is g
temperatu
that repres
is generall
margin of
<2 is a safg
this and 1

Tor

in this annex is not consecutive.

2s on specific clauses and subclauses

1-implantable neurostimulators, e.g. trial screeners, that cannot beccornsidered as accesso

on should be given to the potential hazard of the device’s maximum settable leve

of susceptibility to electromagnetic non-ionizing radiation, or as a result of any partic
ponent failure. These types of hazards should be ¢énsidered within the process of follow
such that mitigations can be identified to effectively reduce the potential for these risks t
level.

5 generally accepted|[2] that a localised temperature of 39 °C does not cause tissue dam
| requires <2 °Crise above the normal surrounding body temperature of 37 °C. The commi

he location of the implant and the gnvironment and therefore changed to the 39 °C limit.
e of design verification of a dévice to meet this subclause, the manufacturer can devel
d and justify the initial stafitinig temperature of the device based on its intended locatio
nd other relevant factors:

generally accepted method to normalise the impact of temperature and time on tissug
Fes in the range-0f.39 °C and 57 °CI3]. Reference [4] demonstrates that the CEM43 va

ent the damageythresholds is different depending on the tissue type. Because the rese3
 based on_the-Observation of damage, values below these thresholds might be safe but

valuedorany tissue. This is likely to be very conservative and van Rhoon, et al recog
ecommends higher CEM43 under certain conditions and for various tissue types.

manufactulrer is required to provide further analysis for CEM43 values >2 including, for example,

ntable neurostimulator are covered by the IEC 60601-1 series of:standards (see Clause 5)).

Fhis safety,cannot be determined. Reference [4] therefore concludes that a CEM43 Valute
n

ng notes on some of the provisions of this document are provided as an aid to understandjing.
In this annex carry the numbers of the relevant clauses of this document, therefore,'paragny

aph

ries

en applying the risk management process to a particidar neurostimulation product,

| of
cur
1lar
ing
b an

hge.
[tee
[OT'S
For
pa

in

for
ues
rch
the
of
ses
The

the margin to the maximum values in Table 101,

whether the heating events are repeating or a single event,

other controls.

medical assessment of the impact of the possible tissue damage and prognosis for the patient, and

The extent of damage to tissue due to heat is dependent on a number of factors including the duration
of the exposure and the temperature experienced during the exposure. Reference [5] describes a
mathematical model that unifies temperature and the cumulative duration of exposure into a single
value equivalent to the Cumulative Equivalent Minutes (CEM) at 43 °C for 1 min. For example, 10CEM43
is equivalent to 10 min of exposure at 43 °C. General consensus is that the units for CEM43 are minutes.

30

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)

The CEM43 model approximates the non-linear relationship of tissue damage by using two linear
relationships with a break point at 43 °C.

The formula for CEM43 for a constant temperature is given by Formula (BB.1):

CEM43 = tR*3-T) (BB.1)

where

T is the temperature of the tissue in °C;

R |is 0,25 for T <43 °Cand 0,5 for T = 43 °C;

~

is the cumulative duration of the heating event in minutes.
Formula (BB.1) is valid for temperatures between 39 °C and 57 °C.

Evaluating the CEM43 formula at different temperatures and a constant\duration yields|the values

shojn in Table BB.1.

Table BB.1 — Evaluating CEM43 formula at different temperatures

Temperature °C Duration (minutes) CEM43
40 10 0,156 25
41 10 0,625
42 10 2,5
43 10 10
44 10 20
45 10 40
46 10 80
47 10 160
48 10 320
49 10 640
50 10 1280
51 10 2560
52 10 5120
53 10 10 240
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CEM43 versus temperature
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Figure BB.1 — CEM43 versus temperature for @stant time

<

Each data point in Figure BB.1 assumes that the temperature gs}\n&ed to a single value for the duration
of the expdsure. In this case, a plot of the temperature Versusé would be a rectangle and its CEM43

value can He calculated using Formula (BB.1). \‘Q
O\
- *‘
10CEM43 A\@ 10CEM43
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Figure BB.2 -@mo examples of the same CEM43 result with different exposure times

The examy ém Figure BB.2 both yield a 10CEM43; the first chart shows 10 min exposure at 43 °C
while the dis?2 85 minat 45 °C

In practice, the temperature is likely to vary in value for the duration of exposure. In this case, the
CEM43 value can be calculated by the summation of the CEM43 values for a series of rectangles, each
with a known duration and temperature. The example in Figure BB.3 shows such a profile which results
in a 30CEM43. It consists of an initial temperature exposure of 43 °C for 10 min followed by 2,5 min at
45°C and then another 43 °C for 10 min.
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Figure BB.3 — Example showing a time and temperature profile

By $ampling the temperature at known time intervals and using the above approach, the CEM43 value
for p given temperature profile can be calculated by Formula‘(BB.2):

43-T,)

CEM43=Y" ¢, x R (BB.2)

whére

ti |is thei-th time interval,;

n |is the total number of time intervals;

T; |is the average temperature.ofithe tissue in °C during the interval ¢;;
R |=0,25for T <43 °Cand0)5 for T =43 °C.

Formula (BB.2) is validfor temperatures between 39 °C and 57 °C.

NOTE This method is used in Reference [4].

Single fault conditions were removed from the requirements of 17.1 because single fault conlditions are
alrdady evaluated as part of 19.3. See rationale for 19.3 for more details on how to address hdrm related
to Heatunder single fault failure.

19.3

B —Because 193 is responsible for assessing risks from fajlures it was decided for thid document
that all requirements requiring assessment of single fault failures to be moved to 19.3. One such
requirement was originally found in 17.1 for protection from harm caused by heat. This rationale is to
remind that although 17.1 does not address single fault conditions, harm related to heat under single
fault conditions still needs to be evaluated in 19.3. The following explains an example of how this could
be executed using the concept of components with high-integrity characteristics, that could also be

used for other types of effects from single fault failures.

First, identify components, through the risk management process, that would need to be considered to
ensure that patient is protected from harm caused by heat under single fault conditions. Acceptance
criteria from 17.1 can be used to determine the acceptability of the risk under single fault conditions.
It is possible that certain component failures might not meet the requirement of 17.1 and for which
further risk control is not practicable.
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Considering ISO 14971:2007, 6.5: “If the residual risk is not judged acceptable using the criteria established
in the risk management plan and further risk control is not practicable, the manufacturer may gather and
review data and literature to determine if the medical benefits of the intended use outweigh the residual
risk,” it could be possible for the manufacturer to justify the risk with components that are considered
as possessing high-integrity characteristics.

The first step to determine a component with high-integrity characteristics is to conduct a risk analysis
to find those characteristics that are required to be maintained. Having done this, the appropriate
component can be selected. Reference can be made to IEC or ISO component standards as part of the
determination of the characteristics required.

Testing of gomponent with high-integrity characteristics are only part of the required determinati$ of
suitability.|Since a particular component with high-integrity characteristics has to function as,intended
or a hazard is likely to occur, additional considerations include as appropriate:

— continpous surveillance as part of the manufacturing process and also after assembly into the fend
produgt;

— particyilar characteristics of the device concerned;
— lot testing;

— calibrdtion;

— control of manufacturing defects;

— maint¢nance;

— projected service life of the INS;

— use of felevant component standards;
— failurg mode characteristics;

— envirohmental conditions;

— anticipgated misuse of the INS;

— interag¢tion with other equipment.,

It would nlot be expected from_the manufacturer to test the single component fault condition pf a
component with high-integritycharacteristics (such as required by 17.1), provided that all the aspgcts
identified fo ensure the high-integrity characteristics components are met and implemented by|the
manufactufrer.

For example, certain fault from a battery, like an internal short, could result in unacceptable risk pnd
risk contrqls togprevent this once the device is implanted would not be practicable. In this particplar
case, the Tattery selected for this function would require to be a component with high-integrity
characteristics, which is defined as a component where one or more characteristics ensure that its
function is fault-free in relation to the safety requirements of this document during the projected
service life of the implantable neurostimulator in normal use and reasonably foreseeable misuse.

24.1 ISO 14708-1:2014, 24.1 was replaced to reference IEC 60601-1-2 and remove the requirement
that the non-implantable part “can be reset and provide all functions as stated by the Manufacturer’s
specification” following the electrostatic discharge. The original ISO 14708-1:2014, 24.1 requirement
was too stringent to apply to all neurostimulator devices because neurostimulators have different
levels of risks depending on their application and treatment they provide. This replacement requires
the manufacturer to define the appropriate acceptance criteria depending on its application according
to IEC 60601-1-2. See IEC 60601-1-2, Annex I for guidance and examples on how the manufacturer can
specify acceptance criteria for immunity testing.
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The test requirement applies only to non-implantable parts. The implantable part is believed to be
sufficiently protected from electrostatic potentials by its packaging and because it is only handled
under controlled conditions.

While the electrostatic discharge is applied only to the non-implantable parts, the operation of the active
implantable medical device is evaluated as a system following the test. The intent is to demonstrate
that the implantable parts continue to operate in a safe mode that does not result in an unacceptable
risk to the patient if the electrostatic discharge occurs when the system is most vulnerable, i.e. while
the non-implantable part is communicating with the implantable part. For example, the manufacturer
can demonstrate that the system has robust error checking so that a message corrupted as a result of

the electrostatic discharge is not accepted by the implantable part

27.]
dist
env

|01 All test levels in Clause 27 are based on the reasonably foreseeable maximum electi
urbance levels in the general public environment. This environment is based on thé)heme
ironment in [EC 60601-1-2, except for magnetic field test levels.

Tes
dist
ass

s only simulate the environment and cover the most common sourees of electy
urbances in the general public environment and should be considered the minimum n¢
pss device behavioural responses when exposed to electromagnetic fields.

27.]
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102.1 The acceptance criteria consist of a two-part requirement; that the pe
nded by the manufacturer is expected to be maintained and thatno hazardous situations

could lead to an unacceptable risk. Although this documeft is primarily a safety stan
performance aspects to it. The general public has an expectation that their implanted
k as intended, not that it just fails safely.

if document stops just short of stating that intended-performance shall be maintained dur
to the wide scope of this document (central aiid peripheral nervous system), some pe
radation or unintentional responses mighttoccur, during the course of testing, th
Kidered to be a part of the intended performyance but that are otherwise safe because tH
It in an unacceptable risk. This document requires disclosure, explanation, and justificat
vioural responses, during the course“of testing, which are outside of intended use pé¢
chafacteristics. These types of responses are expected to be temporary and to end at the ¢
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testling. Permanent changes in perfarmance due to these tests, outside of specification, are njot allowed.

27.102.3 The tests in this.document are intended for the implantable parts of the |
wirgless function necessitatés a non-implantable part, which is covered by IEC 60601-1-2, t}
fungtion is to be evaluated according to that standard.

27.104 Static magnetic’field strengths from natural sources in the environment are very
madle sources commonly encountered by the general public are seldom above a few mT, an
gengrally caused)by permanent magnets such as for refrigerators, speakers, and by magne
by medical deviee manufacturers to trigger built-in reed or Hall effect switches for control
sonje devices,

NS. Since a
he wireless

low. Man-
 these are
Es supplied
urposes of

A flux-density of 50 mT was chosen because exposure at this level is possible from comm

Althodgh the exposure rate might be low, devices are still expected to remain safe and to pe‘lf

n sources.
form their

intended use.

27.105 This range of frequencies includes both magnetic field and electric field sources. The test is
divided into two parts: one to evaluate the effects of magnetic field and electric field coupling into
the patient leads and the other to evaluate the effects of magnetic field coupling directly into device
circuitry through the can.

Since the relative permeability of an implanted device is typically close to one, it is essentially
transparent to magnetic fields. Therefore, the effects of exposure to low frequency magnetic fields can
be caused by both direct coupling and coupling into patient leads. Whereas, the effects of exposure
to electric fields in this range are only caused by coupling into patient leads due to device enclosure
shielding and to the wavelengths of electric field sources since devices the size of IPGs have very short
electrical length.
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27.105.1 The test is performed using injected voltage levels that correspond to induced voltage
levels (Voc) that could occur in patient leads exposed to specific levels of radiated magnetic and
electric fields.

Induced voltages from time-varying electric and magnetic fields depend on lead length according
to well-known principles. This document uses a maximum lead length of 70 cm upon which to base
injected voltage test levels. This length was chosen from anthropometric datalél for a 95th percentile
male which indicates that the longest dimension in the torso from electrode to can would be 50 cm
for a lead routed in a general configuration from abdomen to T1 forming two sides of a right-angled
triangle, with approximate equal sides of 35 cm length. In this case, the current return path (virtual

hypotenus

e is formed by body tissues. The maximum effective electrical length is therefore 50 cm

nd

the maxim

NOTE y;
the purposs
practice, thg

In order tg
range of fi
functions.
methods.

For reason

um effective induction area is 612 cm2.

\Ithough a lead might be longer in practice than 70 cm, this is the effective maximuni)length
of calculating induced voltage levels. Longer leads will not increase the tip to can distahce no
effective induction area.

determine injected voltage test levels, induced voltage calculations weke‘made across
equencies for lead lengths from 2 cm to 70 cm using magnetic and electric field tran|
This makes it possible to simulate the effects of radiated fields\using injected volf

s having to do with area versus length and the information provided in FprEN 5052

1:2016, Anjnex E[7], the H-field dominates for frequencies under 6,78 MHz. In the range 6,78 MH

24,9 MHz,
50 cm. For
determinir

the H-field dominates for lead lengths of 50 cm to 70.ct and the E-field for lengths ur
frequencies above 24,9 MHz to 80 MHz, the E-field ‘dominates. The formulae derived
g test levels reflect these boundary conditions and; for any given lead length and freque

are based

pon the highest induced voltage caused by either.the H-field or E-field.

Since the r¢lative permeability of tissue is one, it is essefitially transparent to magnetic fields. Theref
the open circuit voltage (Voc) that is input to an AIMD is described by Faraday’s law of induction b4

on freque

presumes :
which will
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The electrilc
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h uniform magnetic field that is perpendicular to the entire bounded area formed by the
yield the most conservative induged voltage and, hence, maximum injected voltage ley
h, frequency, and H-field are factored into injected test level formulas.

o frequency, conductivity, and permittivity. Extensive dosimetric work has been publig
hputations and measuneéments and from SAR data the internal E-field can be computedI§

It turns ouft there is a human body resonance around 80 MHz and this is where the maximum eng

absorption

and hence E-field occurs. Calculations show that an internal E-field of just over 5 V/m

result from an ambient Efield of 10 V/m, frequency 70 MHz to 80 MHz, based on whole body avef

SAR (less f

NOTE 4
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br lower freguencies).

An ambient electric field strength of 10 V/m is presumed to apply which represents the reason
maximum level in the general public environment over this frequency range, except for
This level is harmonized with the home healthcare environment of IEC 60601-1-2. ISM are
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field is not so easy to calcitlate due to the dielectric properties of tissue. The internal field
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considered as described below.

The open circuit voltage (Voc) that is input to an AIMD is on the order of internal E-field times the
effective lead length. As already described, the maximum effective length for the purpose of this
document is 50 cm. For leads less than 50 cm length, the actual length is also the effective length. Lead
length, frequency, and internal E-field are factored into injected test level formulas.

Injected test voltages are meant to simulate Voc. The actual voltage that is seen by the IPG in practice
can be reduced by device input impedance, lead impedance, and tissue impedance. Considering the wide
range of implantable neurostimulators covered by this document, these impedances were not factored
into test levels. However, these impedances can be calculated by the manufacturer and incorporated
into the injection network.
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As previously mentioned, electric field disturbance is harmonized with IEC 60601-1-2 and is considered
to be 10 V/m for the home healthcare environment including HAM radio frequencies. ISM frequencies
within this range (6,78 MHz, 13,56 MHz, 27,12 MHz, and 40,68 MHz) have no power limits. For the
purpose of this document, ISM frequencies are considered limited by human exposure safety levels
which range from 28 V/m to 83 V/m depending on frequency and were taken into account in deriving
the injected test level formulae.

Exposure to time-varying magnetic fields in this range is primarily from power frequency equipment
and appliances and also from EAS/RFID equipment operating at 58 kHz, 134 kHz, and 13,56 MHz.
For the purpose of establishing test levels related to magnetic fields, this document is based on the
environmental data presented in Figure BB.4 (see References [10] to [24]). This represents the
reagonably foreseeable maximum level in the general public environment from 16,6 HZ o 30 MHz.
Magnetic fields above 30 MHz are negligible and Voc above 30 MHz is dominated by electyfic fields as
preyiously described.

Magnetic field sources and test reference level

1000
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2 B < ) LY \
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: o - \\
[}
]
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Figure BB.4 — Magnetic field environment test reference level

The numerical equivalent of the test reference level shown in Figure BB.4 is shown in Taple BB.2 in

. L Pl yall 1.1 & =l LA L Y
UNIts O ITagIe tIT [TeTt STTreng tr (737 110

NOTE The relationship between flux density (B) and field strength (H) is H = B/u, where p is the permeability
of the medium. In air p=4mx 10-7 N/A2.
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Table BB.2 — Magnetic field test reference levels

Frequency range (f) H (A/m) rms
16,6 Hz to 400 Hz 210
0,4 kHz to 3 kHz 84/f
3 kHz to 150 kHz 28
0,150 MHz to 30 MHz 4,2/f
NOTE fin kHz or MHz as indicated.

Consolidating Vac from magnetic and electric field sources over the range of 16 6 Hz to 80 MHz results

in the injedted voltage test levels shown in Figure BB.5. (\
Injected voltage test levels (V;;) for several lead lengths q/
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Figure BB.S\%Injected voltage test levels (Vpp) 16,6 Hz to 80 MHz

The numertfical equiva@rs of the test levels shown in Figure BB.5 are shown in Table BB.3.

V‘é Table BB.3 — Peak-peak injected test levels Vpp

'(\
Freq&nqu:an.ge 82) Vep
i Lead length () 70 cmto 50 cm | Leadlength (/) 49 cm to 2 cm
0,016 6 kHz to 0,400 kHz 0,30 x fx12/4900
0,4 kHz to 3,0 kHz 0,12 x12/4 900
3,0 kHz to 150,0 kHz 0,04 x fx12/4900
0,15 MHz to 6,0 MHz 6,0 x 12/4900
6,78 MHz to 24,9 MHz 6,0 x [2/4 900 3,0 x /50
27,12 MHz to 35,0 MHz 6,0 6,0 x 1/50
40,68 MHz to 80,0 MHz 8,0 8,0 x 1/50
NOTE fexpressed in kHz or MHz as indicated.
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At low frequencies and short lead lengths, Vpp might be very small. In these cases, the manufacturer
may determine the start frequency based on voltages too low to cause a circuit response, for example,
at voltages lower than a forward bias diode voltage drop. Rationale is required to be provided.

The frequency range of the applied test signals includes an adequate number of incremental steps to
assess DUT safety and performance without sacrificing test time. In addition to general coverage of the
frequency range, steps include frequencies related to HAM radio, ISM, EAS, and RFID. If desired, the
manufacturer may perform a frequency sweep instead.

Due to the multitude of modulation types present in today’s environment, it is not possible to test them
all, or to even know which types will affect a particular variety of implantable neurostimulator covered

by t
imn
the
cre
For
1Kk
phy,
line

27.]

his document. Amplitude modulation of 80 % at 1 kHz has been customarily used for ]
hunity testing for frequencies above 150 kHz because it is generally recognized to“be
diversity and characteristics of various modulation types in the environment for it
ite disturbances in the operation of equipment. The same concept is used within this
the range of 1 kHz to 150 kHz, 2 Hz modulation is used because it would-Rot make s¢
Hz modulation on a 1 kHz carrier and because 2 Hz represents a reasofiable approxir
siological passband. No modulation is required under 1 kHz because that‘is getting clog
frequencies and harmonics.

105.2 This test covers induction of voltages into device cireuitry by direct H-fie

through the can based on the test reference level of Figure BB.4. Since the relative permea
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lanted device is typically close to one, the can is essentially-transparent to magnetic field
hday’s Law to internal circuitry, as was done in a similar fashion for patient leads, a range
ages can be calculated based on circuit area, frequency;and magnetic field strength.

ulations based on frequency and field strength tfepresented by Figure BB.4 reveal th
ages for frequencies in this range are insignificant for all circuits except for inductive co
munication and for recharging. For all otherii¢ircuits (collectively herein called “state
r small size averts the induction of voltages'that could affect circuit operation. For thi
Ctional test for direct effects on the statesmachine is not required.

communication and recharge coils; their potentially larger size and loop areas might
hduced voltages that could indirectly affect the state machine. For this reason, a functi
formed.

E Testing the commurication and recharge functions, per se, are outside the scope of thi
huse a programmer or charger is required, these functions are tested according to IEC 60601-1-2

start frequency is-set to 1 kHz. Below that frequency, none of the circuits mentioned
ificant induced.voltage due to the low dB/dt.

stop frequericy is set to 150 kHz. Above that frequency, the magnetic field exhibits a 1/f

Figlire BB.4)and induced voltage has reached a peak and there are no significant magnetic fi

oth

er thai13,56 MHz used for RFID. At that frequency, the inductive coils have very large
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respnantfrequency being at or below 500 kHz, meaning that induced current is insignificant.
Thlﬁmge-mmﬁedwrrﬁwmmmmal steps to

assess DUT safety and performance without sacrificing test time. In addition to general coverage of the
frequency range, steps include frequencies related to EAS and RFID. If desired, the manufacturer may
perform a frequency sweep instead.

The radiated magnetic field test is performed without patient leads. The purpose is to observe device
interaction by direct coupling of the magnetic field with internal circuits.

27.106 The test level of 10 V/m has been harmonized with the home healthcare environment of
IEC 60601-1-2 (see IEC 60601-1-2:2014, Table 4). This level represents the reasonably foreseeable
maximum electromagnetic disturbance level seen in this environment.

27.107 The frequencies and modulations have been harmonized with IEC 60601-1-2:2014, Table 9.
The dipole method of ISO 14117 is used because studies have shown that it better simulates cell phone
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disturbances for implants. A primary test distance of 15 cm was chosen because it represents the
reasonably foreseeable separation distance.

40 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=38c6ad0159ab2bbc9fdb2667bc1aed79

ISO 14708-3:2017(E)
Annex CC
(informative)

Injection network example and board layout guidance

CC.A-General

The first intent of this annex is to provide a specific example of an injection network that.can pe used for
the|voltage injection test performed in 27.105.1. It will still be up to each manufacturer to identify the
spefific approach that best matches the needs for their particular product and application, gs different
INS|systems use different types of leads in different parts of the body with diffefent functignality. The
spefific example in this annex was created for a spinal cord stimulator with,output-only (ndn-sensing)
fungtionality that employs a non-coiled percutaneous lead of known materials and dimensidns.

The second intent of this annex is to provide general design guidange for the circuit bqard layout
techniques as well as component types that will result in injection circuit boards with optimum
performance over the entire intended injection frequency range-of'¥6,6 Hz to 80 Mhz.

CCJ2 Tissue equivalent circuit board example

Thip subclause describes one particular example of a ti§sue equivalent circuit board designed for an IPG
with eight electrodes that is programmable for eithér’bipolar or monopolar (CAN active) therppy modes.

Thg network shown in Figure CC.1 was designeddor a device with a lead that has eight electrpdes where
each electrode can be programmed as an anode (+), cathode (-), or off, as well as a case (CAN) that can
be programmed as an anode (+) or off. For devices with more than eight electrodes, the network would
neefd to be expanded, although the imp&dance values for each electrode interface would lik¢ly stay the
sanje. This particular example is designed to connect to a separate DUT contactor board fof either the
IPG|and lead or IPG and lead madel circuitry. Alternate approaches of embedding the IPG dnd/or lead
intdrface directly into the tissue-equivalent circuit board can also be taken.
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Figure CC.1 — Tissue equivalent interface board example
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Port A: This BNC connector is where the test signal generator, and if needed, a suitable amplifier, is
connected via a 50 ohm cable to a BNC connector. The test signal generator, and/or a suitable amplifier
should be configured for a sinusoidal modulated carrier output to a 50 ohm load.

R1: This component value was chosen as 68,1 ohms such that the effective impedance of this resistor in
parallel with the interface network would approximate 50 ohms to match the output impedance of the
signal generator/amplifier.

Port B: This BNC connector is where the monitoring oscilloscope is connected via a 50 ohm BNC cable to
the interface board in order to monitor the Vpp waveform delivered to the INS system. The oscilloscope
input should be set for 50 ohm input impedance. Resistor R2 between Port A and Port B should be set
to grovide an attenuation of at least 10 (R2 = 450 ohms) for 10 % loading and preferably,2( (R2 = 950
ohms) for 5 % loading.

SW|71-SW_79 switches: these are the Z configuration input switches that allow application] of the test
signal to each IPG tissue-electrode interface point. The particular switch confignrations employed for
each test depend on the specific therapy mode and program electrode configuration used t¢ represent
INS|modes. See Table CC.1 for some examples.

Table CC.1 — Tissue interface circuit switch configaration examples

Ihterference Stimulation mode/Parameters

type

Switch settings/Monitor point
LPF output

Tissu€load input

Differential

Monopolar (CAN Active) mode,
CAN ="+,

Electrodes 1-8 = -0000000,
(where ‘+’ = Anode, -’ =Cathode,
and ‘0’ = Off),

Amplitude = 6mA, Frequenc¢y= 100Hz,
Pulse Width = 200uS

SW_Z1=Vsig_gnd

TP_C1= disconn

pcted

SW,Z2=Vsig_gnd

TP_C2= disconnjected

SW_73=Vsig_gnd

TP_C3= disconnjected

SW_Z4=Vsig_gnd

TP_C4= disconnlected

SW_Z5=Vsig_gnd

TP_C5= disconnlected

SW_Z6=Vsig_gnd

TP_C6= disconnjected

SW_Z7=Vsig_gnd

TP_C7= disconnected

SW_7.8=Vsig_gnd

TP_C8= disconnected

SW_Z9=Vsig_src

TP_C9= connected to oscil-

loscope input,

TP_GND2= conn|
cilloscope grou

ected to os-
nd.

Comfron mode

Bipola®)(CAN Inactive) mode,
CAN'=0’,

Electrodes 1-8 = +-000000,

(where ‘+’ = Anode, -’ =Cathode,

and ‘0’ = Off),

Amplitude = 6mA, Frequency = 100Hz,

SW_Z1=Vsig_src

TP_C1= connectled to oscil-

loscope input,

TP_GND1= conn|
cilloscope grou

ected to os-
hd.

SW_Z2=Vsig_src

TP_C2= disconn

ected

SW_Z3=Vsig_gnd

TP_C3= disconn

ected

SW_7Z4=Vsig _gnd

TP _C4= disconn

ected

Pulse Width = 200uS

SW_Z5=Vsig_gnd

TP_C5= disconn

ected

SW_Z6=Vsig_gnd

TP_C6= disconnected

SW_Z7=Vsig_gnd

TP_C7=disconn

ected

SW_Z8=Vsig_gnd

TP_C8= disconnected

SW_Z9=Vsig_gnd

TP_C9= disconnected

— R3represents the purely resistive aspect of tissue near the electrodes;
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-8): Figure CC.1 represents the tissue-
electrode model for electrodes 1-8 with the components R3, R4, R5, C1, and C2. This network is similar
to the one used in the tissue injection circuit for ISO 14117. The values for this particular example were
chosen as follows:
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