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reword

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 nee
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
ent rights. ISO shall not be held responsible for identifying any or all such ‘patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
/iso/foreword.html.
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technically revised.
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14708-2 was prepared by Technical Commgittee ISO/TC 150, Implants for surgery, Sub
, Active implants.

5 third edition cancels and replacés. the second edition (ISO 14708-2:2012), which

main changes compared to the previous edition are as follows:
addition of requirements\for congestive heart failure devices;

introduction of nomenclature for devices having more than two channels of pacing /
shown in ISO 141172019, Annex N;

revision of the'method for measurement of pulse amplitude and pulse duration in 6.1.2;
removal.of measurement requirements for input impedance in 6.1.4;

inglusion of new temporary exposure criteria in 17.1 for outer surface temperatures
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39+C. Other changes include updates to selected definitions and incorporation of new me

asurement

equipment accuracy requirements.

Alist of all parts in the ISO 14708 series can be found on the ISO website.

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

This document specifies particular requirements for those active implantable medical devices intended
to treat bradyarrhythmias (pacemakers), to provide basic assurance of safety to both patients and users.

In recent years, other active implantable cardiovascular devices have emerged, most notably devices
that perform the function of improving cardiac output by optimizing ventricular synchrony, in addition

to perform

ing pacemaker functions.

Although these dev1ces can dellver an addltlonal therapy w1th respect to pacemakers most of their

requireme
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This document is relevant to all parts of implantable pacemakers, including all accessories. Ty
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e, and the approprlate way to testa CRT P device is 51m11ar to the way pacemakers are-es

table cardiac pacemaker is essentially a powered electronic device within la se

ing enclosure (an implantable pulse generator). The device can stimulate heart beats
electrical impulses which are transmitted to the heart along implanted, insulated conduc
odes (leads). The pacemaker can be adjusted non-invasively by an electrienic device, kng
mmer.

re implantable pulse generators, leads, adaptors, programmers and the related software.

ements of this document supplement or modify those of 4SO 14708-1. The requirement
ent take priority over those of ISO 14708-1.

oth this document and the Directive 90/385/EEC deal'with the same products, the struct
be of the two documents are different. Annex A cefrelates the requirements of the Direc
ubclauses of ISO 14708-1 and this document.*Annex B is a rationale providing furt
h of the subclauses of this document.

bscribes a coding system that may be msed to designate bradyarrhythmia pacing mo
fines reference points for measurements of pulse amplitude and pulse duration, and the fi
]l used to determine sensitivity.

b except Annex D are informative.
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Implants for surgery — Active implantable medical
devices —

Part 2:
Cardiac pacemakers

1

Thi
inte

Scope

5 document specifies requirements that are applicable to those active implantable medi
nded to treat bradyarrhythmias and devices that provide therapies for cardiae'resynchr

Thd
dev|

tests that are specified in this document are type tests, and are to be'carried out on s
ice to show compliance.

This document was designed for bradyarrhythmia pulse generators used with endoca
or e¢picardial leads. At the time of this edition, the authors pecegnized the emergence
technologies for which adaptations of this part will be required. Such adaptations are
disqretion of manufacturers incorporating these technologiés.

Thi
Not|

5 document is also applicable to some non-implantable parts and accessories of the d
e 1).

electrical characteristics of the implantable-pulse generator or lead are determined eif
opriate method detailed in this particularstandard or by any other method demonstra
ccuracy equal to, or better than, the method specified. In case of dispute, the method
particular standard applies.

features of an active implantable'medical device intended to treat tachyarrhythmias 4
by ISO 14708-6.

NOTE1 The device that is_¢ommonly referred to as an active implantable medical device ca
a single device, a combinatioh_df devices, or a combination of a device or devices and one or more
Not|all of these parts are required to be either partially or totally implantable, but there is a nee
somle requirements of norzimplantable parts and accessories if they could affect the safety or perforry
implantable device.

NOTE 2 In this<document, terms printed in italics are used as defined in Clause 3. Where a def
usedl as a qualifier in another term, it is not printed in italics unless the concept thus qualified is also

2 |Normative references

cal devices
pnization.

hmples of a

rdial leads
of leadless
left to the

bvices (see

her by the
fed to have
detailed in

re covered

h in fact be
accessories.
d to specify
hance of the

ned term is
defined.

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 5841-3:2013, Implants for surgery — Cardiac pacemakers — Part 3: Low-profile connectors (1S-1) for

implantable pacemakers

ISO 11318:2002, Cardiac defibrillators — Connector assembly DF-1 for implantable defibrillators —

Dimensions and test requirements

[SO 14117:2019, Active implantable medical devices — Electromagnetic compatibility — EMC test protocols
for implantable cardiac pacemakers, implantable cardioverter defibrillators and cardiac resynchronization

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

IS0 27186:2010, Active implantable medical devices — Four-pole connector system for implantable cardiac

rhythm ma

3 Term

nagement devices — Dimensional and test requirements

s and definitions

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

ISO and IE n llldilltdill tUl lllillUlUsiLd} data‘uaaca fUl usS<c ill btallddl diz.atiuu Clt ‘Chc fU}}UVV ills dddl TSSCp.
— ISO Onlline browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at http://www.electropedia.org/

31

accessory

article whigh, while not being a device, is intended specifically by the manufacturerto be used together
with a devi]ce in accordance with the use of the device intended by the devicemmanufacturer

3.2

adaptor

special connector used between an otherwise incompatible implantablé pulse generator and a lead

3.3

pacemaker

active implantable medical device intended to treat bradyatrhythmias, comprising an implantable pulse
generator gnd lead(s)

3.4

implantable pulse generator

part of the pacemaker, including the power supply-and electronic circuit that produces an electrical oufput
3.5

sensor

part of a pqcemaker that is designed to)detect signals for the purpose of rate modulation or other control
purposes

3.6

dual-chanpber

condition d

3.7
implantab
CRT-P

active imp,

f relating both\to the atrium and ventricle

le cardiac resynchronization therapy pacing device

{ampable medical device intended to provide improved ventricular activation to optin

hize

cardiac output, comprising an implantable pulse generator and leads

3.8

sensitivity
minimum signal required to control consistently the function of the implantable pulse generator

3.9
electrode

electrically conducting part (usually the termination of a lead), which is designed to form an interface

with body
3.10

tissue or body fluid

bipolar lead

lead with t

2

wo electrodes, electrically isolated from each other

© ISO 2019 - All rights reserved
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3.11
unipolar lead
lead with one electrode

3.12
endocardial lead

lead with an electrode designed to make contact with the endocardium, or inner surface of the heart

3.13
epicardial lead
lead with an electrode designed to make contact with the epicardium, or outer surface of the

heart

3.1
trapsvenous
appfroach to the heart through the venous system

3.1
insertion diameter

<legd> minimum bore of a rigid cylindrical tube into which the lead (not including the conmpector) can

be inserted

3.1
leagdl pacing impedance
Z

p
impedance that is formed by the ratio of a voltage pulse to thé resulting current

Not¢ 1 to entry: The impedance is composed of the electrode to tissue interface and the lead impedan

3.17Y
mofglel designation

nanme and/or a combination of letters and numbers used by a manufacturer to distinguish, 1
or type, one device from another

by function

stinguish a

pul mplitude

amplitude of the pulse

3.22
pulse duration
duration of the pulse

3.23
pulse interval
interval between equivalent points of two consecutive pulses

3.24
basic pulse interval
pulse interval in absence of sensed cardiac or other electrical influence

© IS0 2019 - All rights reserved
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3.25
pulse rate

number of pulses per minute

3.26
basic rate

pulse rate of an implantable pulse generator, either atrial or ventricular, unmodified by sensed cardiac or
other electrical influence

3.27

AV interval

atrioventtficular interval

delay betw
pulse or th¢

3.28
escape int
time elapsi
implantabl

3.29
interferen
pulse rate v
recognizes

3.30
maximum
maximum
triggering

3.31
rate modu
altering of

3.32
refractory

een an atrial pulse or the sensing of an atrial depolarization and the subsequent ventxic
b sensing of a ventricular depolarization

erval

b pulse generator

ce pulse rate
vith which the implantable pulse generator responds when itsenses electrical activity th
as interference

tracking rate
pulse rate at which the implantable pulse generator will respond on a 1:1 basis f{
signal

lation
the pulse interval as a function of a control parameter other than a sensed beat

period

period of time during which atrial onfventricular pacemaker timing is unaffected by sensed spontang

depolariza

3.33
test pulse
pulse inter\

3.34
test pulse
pulse rate ¢

Lions, although sensing is not completely disabled

interval
ral of an implantable pulse generator when directly influenced by a testing device

rate
f an implantable pulse generator when directly influenced by a testing device

1lar

ng between the sensing of a spontaneous beat and the succeeding non:triggered pulse off an

ht it

0

ous

3.35

beginning of service

BOS

time at which an individual implantable pulse generator is first released by the manufacturer as fit for
being placed on the market

[SOURCE: I

SO 14708-1:2014, 3.4, modified - “time” substituted for “point”]
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3.36
end of service
EOS
time at which the prolonged service period has elapsed and no further pacing function is specified nor

can

be expected

[SOURCE: ISO 14708-1:2014, 3.7, modified - existing definition entirely replaced]

3.37
projected service life
period from the implantation of the implantable pulse generator to the recommended replacement time

under defined conditions

3.3
pr

PSH
per
con,

[SO

3.3
poy
med
sery

34
rec
RR]
tim
pulg
Not

[SO
gen

3.4
sto
cap

3.4

onged service period

od beyond the recommended replacement time during which the implantable pulsé

Linues to function as specified by the manufacturer to prolong basic bradyarrhythmia pa
URCE: 1SO 14708-1:2014, 3.23, modified - existing definition entirely.replaced]

D

yer source indicator

ins of indicating the electrical status of the power source.during the implantable pulse
Fice life

D
pmmended replacement time
[
e at which the power source indicator reachés the value set by the manufacturer of the i
e generator for its recommended replacement

e 1 to entry: This indicates entry into thelprolonged service period.

us

portion of the stoichiometric capacity of the power source that can be utilized by the implar
gengratoruntil end of service is reached

3.4
ter

URCE: ISO 14708-1:2014, 3.25, ‘modified - “time” substituted for “point” and “implan
erator” substituted for “active implantable medical device”]

|

chiometric capacity

hcity as defined bythe active materials contents in the power source

P

ble capacity.

generator
cing

jenerator's

implantable

table pulse

table pulse

inal

electrically separate conductive device connection

[SOURCE: ISO 14708-6:2019, 3.39]

4

Symbols and abbreviated terms

The text in Clause 4 of ISO 14708-1:2014 applies.

NOTE See ISO 27185 for symbols to use when expressing information so as to reduce the need
languages on packaging and in manuals.

© IS0 2019 - All rights reserved
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5 General requirements for non-implantable parts

5.1 General requirements for non-implantable parts

The text in

5.1 of ISO 14708-1:2014 applies.

5.2 General requirements for software

The textin

5.2 of ISO 14708-1:2014 applies.

5.3 Usability of non-implantable parts

The text in|

5.4 Datg

tampering

The text in

5.5 Gen

The text in|

5.6 Mis¢onnection of parts of the active implantable niedical device

The text in|

6 Meas

6.1 Measurement of implantable pulse generator characteristics

6.1.1 Ge|

The manu
stated tole
in the acco

The value
methods d
accompany

The procec
connected

5.3 of ISO 14708-1:2014 applies.

| security and protection from harm caused by unauthorized information

5.4 of SO 14708-1:2014 applies.

eral requirements for risk management

5.5 of ISO 14708-1:2014 applies.

5.6 of ISO 14708-1:2014 applies.

urements of implantable pulse generator and lead characteristics

neral considerations

facturer shall ensure that measurement equipment accuracy is sufficient to support

mpanying documentation (see 28.8).

5 of the implantable pulse generator characteristics measured in accordance with
bscribed imthis clause shall be within the range of values stated by the manufacturer in
ing docunjéntation (see 28.8.2).

ures shall be performed with the implantable pulse generator at a temperature of 37 °C + 2

(the factory recommended settings), unless otherwise stated.

the

rances for the parameters being measured within this clause and stated by the manufactiirer

the
the

OC,

t6-a load of 500 Q + 1 % and set to the nominal settings recommended by the manufactjirer

If the implantable pulse generator has multichannel functionality, each channel's characteristics shall
be determined separately. For simplicity, all the measurement procedures provided show bipolar
implantable pulse generators. For unipolar implantable pulse generators, the case is properly incorporated
in the set-up as the indifferent terminal.

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

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

Procedure:

Use an interval counter and an oscilloscope.

© ISO 2019 - All rights reserved
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The implantable pulse generator shall be connected to a 500 Q + 1 % load resistor (R;), and the test
equipment as shown in Figure 1. The oscilloscope shall be adjusted to display one pulse in full.

The pulse duration (D) shall be measured between the points on the pulse equal to one-third of the peak
pulse amplitude (4,,,,) (see Figure D.1).

The pulse amplitude (A) shall be calculated from the time integral over current or voltage, as appropriate,
divided by the pulse duration (see Figure D.2).

The pulse interval (t,) shall be recorded from the display on the interval counter when set to trigger on
the leading edge of each pulse.

The pulse rate shall be calculated from the mean interval over at least 20 pulses.

Oscilloscope Q

Channel 1 |Channel 2 Trigger

® ® ® | .71

® >

Interval
Counter

Pulse
Generator R

Figure 1 — Measurement of pulse amplituide, pulse duration, pulse interval, and pullse rate
The procedures shall be repeated withload resistors R; of 240 Q + 1 % and 2 kQ *+ 1 % to|determine
any|change in the values as functions of load resistance.
The results shall be expressed in\the following units:

— | Pulse duration: millisedonds (ms);

— | Pulse amplitude: v6lts or milliamperes (V or mA);
— |Pulse interval{milliseconds (ms);

— | Pulse rate;\eciprocal minutes (min1).

Whenevegthe resultis recorded, the operating settings of the implantable pulse generator (prpgrammed
pulde rate, etc.) shall also be noted.

6.1.3 Measurement of sensitivity (e,,s and e,,)

Procedure: Use an oscilloscope, nominal input impedance 21 M(), and a test signal generator, output
impedance <1 k{, which provides a signal in the form defined by Figure D.3.

The implantable pulse generator shall be connected to a 500 Q + 1 % load resistor (R;) and the test
equipment as shown in Figure 2. Apply positive polarity test signals from the test signal generator
through a 100 k) + 1 % feed resistor (Rg) to point A. Adjust the pulse interval of the test signal generator
so that it is at least 50 ms less than the basic pulse interval of the implantable generator. The test signal
amplitude (A7) shall be adjusted to zero, and the oscilloscope shall be adjusted to display several pulses.

© IS0 2019 - All rights reserved 7
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The test signal amplitude shall be slowly increased until either: for an inhibited-mode implantable
pulse generator, the pulse shall be consistently suppressed; or, for a triggered-mode implantable pulse

generator, the pulse always occurs synchronously with the test signal.

The test signal amplitude shall then be measured. The positive sensitivity, designated e

calculated by dividing the measured test signal voltage by 201.

Oscilloscope Q

pos’

shall be

Figure 2 — Sensitivity measurement

Channel 1 | Channel 2 Trigger
'{’ T
A ] -
—{ e
Pulse R, Test
Generator R, Signal
Generator

The procedure shall be repeated with negative polarity test signals applied at point A and the negafive

sensitivity flesignated e, ., shall be similarly calculated.

The result§ shall be expressed in millivolts (mV).

6.1.4 Mgasurement of input impedance (Z;,,)

The text in[6.1.4 of ISO 14708-2:2012 no longerapplies in this document.

6.1.5 Mgasurement of escape interval (t,)

Procedure

Use an oscilloscope and a triggerable pulse test signal generator.

The implantable pulse generator shall be connected to a 500 Q + 1 % load resistor (R;) and the fest
equipment|as shown in Figune 3. Apply the test signal generator through a 100 k + 1 % feed resiftor

(Rg) to poipt A.
OscilloscopeQ
Channel 1 |Channel 2 Trigger
® ® e | e
‘ L
A — Trigger input
@ ® 1
RF
Pulse Test
Generator R, Pulse Signal
Generator
B

Figure 3 — Escape interval measurement

© ISO 2019 - All rights reserved
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The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice

the value of the positive sensitivity e

pos as determined according to 6.1.3.

The test signal generator shall be adjusted to provide a single pulse with delay, ¢, between being
triggered and generating the pulse, where t is between 5 % and 10 % greater than the basic pulse
interval (t,) of the implantable pulse generator.

The oscilloscope shall be adjusted so that a display similar to that shown in Figure 4 is obtained (the

test

signals and the pulses both appear as lines).

The
gen
0sc
pulg

m e h]
TESUSIglidl

Channel 1 :

Channel 2
~O
/

Pulses from : :

implantable pulse g t -

generator ' p ' Refractory
period

Figure 4 — Initial oscilloscope display, when measuring the escape interval

test signal delay, ¢, shall be reduced-until the test signal no longer falls in the implan
erator's refractory period. If an inhibited type of implantable pulse generator is being
lloscope display is then similar to.that shown in Figure 5. If a triggered (synchronous) j
e generator is being tested, then'the display will be similar to that shown in Figure 6.

: . Test signal
- —>‘ _—
: o

GHannel 1 '

table pulse
tested, the
implantable

©IS

Channel 2 '
- s 4
— ' Y’,
Pulses from : i
implantable pulse -, —
generator Refractory

period

Figure 5 — Measurement of escape interval (t,) in inhibited mode
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_ Test signal

- [ —— e
; ‘_,/
Channel 1
Channel 2
v £
Rulses from ; : j{
implantable pulse -~ [, — /
generator ' Refractory
period
Figure 6 — Measurement of escape interval (t,.) in triggered (synchronized) mode
Measure the time between the test signal (or the output that is triggered by’'the test signal) and the fext
output pulge. This is the escape interval (t,).

The result

6.1.6 Me
Procedure
The implar

equipment
shall be 10

Khall be expressed in milliseconds (ms).

asurement of sensing refractory period (t,)
Use an oscilloscope and a triggerable double pulse test signal generator.

table pulse generator shall be connected to a 500 Q + 1 % load resistor (R;) and the
as shown in Figure 7. Apply the test signal through the series feed resistor (Rp) to point A

D kQ + 1 %.
Oscilloscope Q

test
Ry

Channel 1|Channel 2 Trigger
[ ] [ ] [ ] | .71
A = Trigger input
° ° e
R
Pulse Double Pulse
Generator R, Test Signal
Generator
B

Figure 7 — Refractory period measurement

The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice

the value of positive sensitivity e

pos as determined in 6.1.3.

The test signal generator shall be adjusted to provide a delay, t;, between being triggered and generating
the test signal, where ¢, is between 5 % and 10 % greater than the basic pulse interval of the implantable
pulse generator.

10
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The test signal generator shall be set so that the test signal is in the form of a double-pulse with a small
separation, s, between the leading edges of the two components of the test signal (see Figure 8).

5 Test signal 1

a4 Test signal 2
- l] P

e

Channel 1 .

Channel 2 I Q -
Pulses from : :
implantable pulse ‘g tp —
generator Refragtory

period

Figure 8 — Initial oscilloscope displays when measuring'sensing and pacing refractoyy period

Thq delay (t;) of the test signal shall be reduced (keeping s constant) until the implanftable pulse
genprator senses the test signal 1.

Then, in the case of an inhibited implantable pulse generator, test signal 1 causes inhibifion of one
pulge from the implantable pulse generator as,shown in Figure 9. Then, keeping t; constaEt, t, shall
be increased until the test signal 2 in Figute 9 is delayed as shown in Figure 10. The second pulse in
Figlre 10 is displaced from test signal 2:by the escape interval (t,).

s Test signal 1
t f Test signal 2
-
b / | l
Channel 1
Channel 2
Pulses from
) tp te
implantable > i B Refractory
pulse period
generator

Figure 9 — Measurement of sensing refractory period in inhibited mode - A

© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=fe3b3b062109495c78316d56935820e1

ISO 14708-2:2019(E)

Test signal 1
t, ‘/‘/Test signal 2

-
. fZ g fe
Channel 1 h
Channel 2
t
Pulses from RIS -
implantable
pulse Refractory
generator period

Figure 10 — Measurement of sensing refractory period in inhibited mode - B

 of a triggered implantable pulse generator, sensing test signal 1 triggefs the implant@ible
ator (see Figure 11). Then, keeping t; constant, t, shall be increased-until the third pulde in

ccurs simultaneously with test signal 2, as shown in Figure 12.

In the casg
pulse gener
Figure 11 ¢

s Test signal 1
Test signal 2

Channel 1

Channel 2

Pulses from # " f

implantable =~ ~<«—"—»<a e i P
I Refractory
pulse .
generator period
Figure 11 — Measurement of sensing refractory period in triggered (synchronous) mode - A
Test signal 1
t - Test signal 2
4%» / '
d . BT S
Channel 1
Channel 2
fSI' f
Pulses from ~ <
implantable /
pulse Refractory
generator period

Figure 12 — Measurement of sensing refractory period in triggered (synchronous) mode - B

The interval, t, _ t;, shall be measured. This interval corresponds to the sensing refractory period (t,.)

The result shall be expressed in milliseconds (ms).
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6.1.7 Measurement of pacing refractory period (t,,) (applicable only to inhibited implantable
pulse generators)

Procedure: Use the equipment and connections required by 6.1.5 and Figure 3.

The test signal generator shall be adjusted until the amplitude of the test signal is approximately twice
the value of positive sensitivity e, as determined according to 6.1.3.

The test signal generator shall be adjusted to provide a delayed test pulse, the delay t between triggering
and generating the test signal between 5 % and 10 % greater than the basic pulse interval (t,) of the
implantable pulse generator.

The oscilloscope shall be adjusted so that a display similar to that shown in Figure 4 is ebtained (the
tesf signals and the pulses both appear as lines).

The delay t shall be slowly increased until the third pulse depicted in Figure 6 is. displaced fo the right
(seq Figure 13). The third pulse will be displaced from the test signal by the escape’interval ().

Test signal
- f =
Channel 1
Channel 2
Pulses from t » J or. f,
g g
implantable Refractory
pulse period
generator

Figure 13 — Measurement of pacing refractory period in inhibited mode

The interval between the second ptlse and the test signal shall be measured. This corresppnds to the
pacing refractory period (t,).

Thd result shall be expressed.in milliseconds (ms).

6.1/8 MeasurementofAV interval (applicable only to dual-chamber implantable pulse
generators)

Procedure: Use @/dual-trace oscilloscope.

Thd dual-chamber implantable pulse generator shall be connected to 500  + 1 % load resistofs (R;) and
to the oscilloscope. Set the implantable pulse generator for dual-chamber pacing.

The oScilloscope shall be adjusted so that a display similar to that depicted in Figure 14 is obftained (the
pulses appear as lines).
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The intervj
interval is

The result

6.1.9 Mg

implantablle pulse generators with atrial sensing and ventricular pacing)

Procedure

The implar
equipment
the test si
generator.
ventriculal

The test si
the positiv

Atrial Pulse
AVinterval .
Channel 1
Atrial output \
Channel 2 \
Ventricular output Vv icular Pul
o PP entricular Pulse
. — |- v
-t £ >

Figure 14 — Oscilloscope display when measuring AV interval
al between the atrial pulse and the succeeding ventricular pulse shall be*measured.
esignated the AV interval (t,y).

hall be expressed in milliseconds (ms).

asurement of the post-ventricular atrial refractory period (PVARP) (applicable only

Use an oscilloscope and a triggerable double-pulse testsignal generator.

table pulse generator shall be connected to 500.@ = 1 % load resistors (R;) and the

pnal through a series of feed resistors (Rp);to the atrial terminal of the implantable p,
Rp shall be 100 kQ + 1 %. The test signal geherator shall be set to trigger on the output of
output of the implantable pulse generatos.

bnal generator shall be adjusted until*the amplitude of the test pulse is approximately tv

[his

to

test

as shown in Figure 15. Set the implantable pulsé.generator to an atrial-tracking mode. Apply

Lise
the

Vice

e sensitivity e, as determined ifi 6:1.3.
Oscilloscope Q
Channel 1| Channel 2 Trigger
+® O .0 @ ? | ?‘j
J ‘ —
[ —
Atrial ) g S—
. R, Test
Vénteieulan Pulse Signal
R, Generator
Pulse R
Generator T
\/ . Trigger input

Figure 15 — Post-ventricular atrial refractory period (PVARP) measurement

The test signal generator shall be adjusted to provide a delay t between triggering and generating
the test signal, where t is slightly less than the expected post-ventricular atrial refractory period. The
oscilloscope shall be adjusted so that a display similar to that depicted in Figure 16 is obtained.

14
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4[ > Test signal 4{ >

Channel 1

Channel 2

The
(sed

NOT
inte

Med
Thd

/

Ventricular Pulses ‘ tp — ’

from implantable PVARP

pulse generator

Figure 16 — Initial oscilloscope display when measuring PVARP

sure tzwilich then corresponds to the post-ventricular atrial refractory period (PVARP).

rval if the maximum tracking rate interval is longer than the sum of the AV interval and the PVARH.

result shall be expressed in milliseconds (ms).

than the AV

delay t shall be slowly increased until the second pulse depieted’in Figure 17 is displaced to the left
Figure 17).
o t RN ot
Test
—
- 7signals
Channel 1
Channel 2 \O
Ventricular Pulses / / PVARP
from implantable b f
pulse generator
Figure 17 — Oscilloscope display when measuring PVARP
E The interval between the test signal and the following ventricular pulse t’ can be longer

6.1.10 Measurement of the atrial-ventricular (AV) interval after sensing (applicable only to
implantable pulse generators with atrial sensing and ventricular pacing)

Procedure: Use an oscilloscope and a test signal generator, output impedance not greater than 1 k),
which provides a signal in the form defined by Figure D.3.

The implantable pulse generator shall be connected to 500 Q * 1 % load resistors (R;) and the test
equipment as shown in Figure 18. Set the implantable pulse generator to an atrial-tracking mode. Apply
positive polarity test signals from the test signal generator through a series of feed resistors (Rg) to
point C. R shall be 100 kQ + 1 %.

© IS0 2019 - All rights reserved
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Adjust the repetition rate of the test signal generator so that it is at least 50 ms shorter than the basic
pulse interval of the implantable pulse generator. The oscilloscope shall be adjusted so that a display

similar to that depicted in Figure 19 is obtained. (The test signals and pulses appear as lines.)

Oscilloscope Q

Generator

f'

Channel 1| Channel 2 Trigger
+® O @ O [ ] | ?—1
. =
C —
Py RF
R Test Signal
R, Generator
B

Figure 18 — AV interval after sensing measurement

The intervial between the.test signal and the succeeding ventricular pulse shall be measured. 1

correspondls to the AV ifitéerval after sensing (t,y).

The resultg shall belexpressed in milliseconds (ms).

6.2 MeaFurement of the lead pacing impedance (Z,)

<—> ;/Test signal

Channel 1 ;
Channel 2 l l
Ventricular output

= i | AVintefval
Pulsesfrom | | ti
implantable : —
pulse
generator

Flgure 19 — Oscilloscope’display when measuring the AV interval after sensing

6.2.1 Measurement equipment accuracy

his

The manufacturer shall ensure that measurement equipment accuracy is sufficient to support the
stated tolerances for the parameter being measured within this clause and stated by the manufacturer

in the accompanying documentation (see 28.8).

6.2.2 Methods of measuring lead pacing impedance
Lead pacing impedance (Z,) may be measured in one of two ways:
— by direct measurement from in vivo studies, or

— using the in vitro test method specified in 6.2.3.

16
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of manufacturers and physicians. The results are more clinically relevant.

Direct measurement in vivo of lead pacing impedance is the preferred method, based upon experience

For leads constructed to be compatible with connector cavities specified by ISO 27186, the pacing
impedance for all applicable electrode combinations available for pacing shall be measured from in vivo
studies.

The measured values of (Z,) shall be within the range of values stated in the accompanying
documentation (see 28.8).

6.2.

3 Invitro method for measurement of lead pacing impedance

Wh
test

The
ate
con

The
Pro

For
plat

diameter of the upper plate shall be 0,8d. The separation between the plates shall be 1,2d. H

the

Thd
the
tot

Nor
am
sec]
as 1

bn a manufacturer chooses to report lead pacing impedance using the in vitro approach; th
method shall be used.

effects caused by the conductivity across the electrode myocardial interface)shall be si
st body comprising a beaker filled with a saline solution of 0,9 g/1 + 10 %awhich repres
centration of the isotonic saline solution, maintained at a temperature of\37 °C + 2 °C.

input impedance of the oscilloscope used for testing shall be nominally =1 MQ.
cedure: Use the test body, an oscilloscope and a test signal generator, output impedance }

a unipolar lead: The indifferent electrode of the pacing system shall be simulated by
es of titanium immersed in the test body. The diameterid of the lower plate shall be >

upper plate shall not reduce its surface area by more‘than 10 %.

lead shall be inserted into the test body so that-the electrode tip is approximately in th

he lead, the metal plates and the oscilloscopeas shown in Figure 20.

-conductive stand-offs or spacers may be added at the circumference of the beaker, if th
inimum distance of 15 mm from.the electrode under test and they do not reduce the t

ional conductive area between plates by more than 10 %. A non-conductive stiffener m
equired, either internally or externally, to control electrode placement of the lead.
Oscilloscope
ot
Test Signal C,
Genérator ﬁ D
ol I
= Vl VZ L
+ - + -
R
I [

e following

mulated by
bnts a 1/10

b0 ().

two metal
0 mm. The
es cutinto

e centre of

beaker. The test signal generator shall be connected through a 33 puF = 5 % series film capacitor (Cg)

by are kept
otal cross-
ay be used

I

L

Figure 20 — Determination of the lead pacing impedance of a unipolar lead

For a bipolar lead: The lead shall be inserted into the test body so that the electrodes are at least 10 mm
from any fluid boundary. The test signal generator shall be connected through a 33 pF + 5 % series film
capacitor (Cp) to the lead, the metal plates and the oscilloscope as shown in Figure 21.

©IS
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Set the sigy

(T,) 0f 0,5

The lead ¢
The lead p

applying th

NOTE 1

NOTE2 1

oscilloscopgd.

The result

7 Gene

7.1 Thetextin 7.1 of{S0714708-1:2014 applies.

7.2 The fextin %20f1SO 14708-1:2014 applies.

Jee Figure 20 and Figure 21 for definitions of V; and V.

Oscilloscope
o
Test Signal C,
Generator B
-l
Vl VZ L
P
T 1t
-

e

-

Figure 21 — Determination of the lead pacing impedance of a bipolar lead

jal generator to provide negative pulses, 65 + 5 per minute, amplitude 4 V £ 0,1 V and durati
ms * 0,05 ms.

irrent shall be determined by measuring the voltage drop acrosszthe 10 Q = 2 % resis

pcing impedance (Z))) shall be calculated, using the mean valugs. of voltage and current
e formula:

TP
V, —V,dt

S

Tp

[vade
0

3

|t is common practice to evaluate the above formula using the measurement functions of a di

chall be expressed in ohnis (£)).

ral arrangementof the packaging

8 Gene

Prmarkines £ e implantabl tical devi

8.1 Thetextin 8.1 of ISO 14708-1:2014 applies.

8.2 Thetextin 8.2 of ISO 14708-1:2014 applies.

9 Mark

ings on the sales packaging

9.1 Thetextin 9.1 of ISO 14708-1:2014 applies.

9.2 Thet

18

extin 9.2 of ISO 14708-1:2014 applies.
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9.3 Thetextin 9.3 of ISO 14708-1:2014 applies.

9.4 The textin 9.4 of ISO 14708-1:2014 applies.

Instead of using a description in words, the mode codes defined in Annex C may be used in the markings
and accompanying documentation to designate the bradyarrhythmia pacing mode of the implantable
pulse generator.

9.4.1 The sales packaging containing an implantable pulse generator shall bear the following
information, as applicable.

a)

b)

d)

The most comprehensive pacing mode available and, if different, the pacing mode as;shi
NOTE1 The pacing mode as shipped is meant to be the pacing mode of the device availabl
removed from its packaging if the device is shipped in a ready-to-implant state, or the;mode fi
upon activation without any additional programming.

If the device has a rate-adaptive mode, a statement that the implantable pulse genera

bped.

b when first
st available

for is rate-

adaptive, the most comprehensive rate-adaptive mode if this is not-described by a) abope, and the

type of sensor(s) used for control (e.g. activity, minute ventilation,(etc’).
The sensing, pacing configuration (bipolar, unipolar or automatically adjusted) as shipp

The implantable pulse generator characteristics, measuredat 37 °C + 2 °Cand 500 Q + 1
each input/output terminal as applicable:

1) the basic rate (in reciprocal minutes);

2) the pulse amplitude (in volts or milliamperes);
3) the pulse duration (in milliseconds);

4) the sensitivity (in millivolts);

5) [this indent deleted]

6) the AV interval, if applieable (in milliseconds).

It shall be specified if any of the above are not programmable.

e)
f)

g)

A statement that the implantable pulse generator is coated, if applicable.

Connector geometry shall be provided by a reference using symbols or markings
published standards or, if different, the bore depths and diameters in millimetres.

NOTE 2
ISO, 11318, ISO 27185, and 1SO 27186.

Anv additional information and relevant characteristics necessary to identify the implat

Examples of standards providing connector geometries, symbols, or markings include

pd.

% load, for

defined in

[SO 5841-3,

table pulse

generator.

Compliance is checked by inspection.

9.4.2 The sales packaging containing a lead shall bear information necessary to appropriately prescribe
the lead:

a)

b)

Identifying information as applicable: e.g. epicardial or endocardial; straight or shaped; unipolar,

bipolar or multipolar; drug eluting; passive or active fixation; recommended anatomical
Physical dimensions, including:

1) thelength (in centimetres);

© IS0 2019 - All rights reserved
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2) for a transvenous lead, the insertion diameter (in millimetres) and the size of the corresponding

introducer (in French gauge);

3) connector geometry shall be provided by a reference using symbols or markings defined in
published standards or, if different, the bore depths and diameters in millimetres.

Compliance is checked by inspection.

9.5 The textin 9.5 of [SO 14708-1:2014 applies.

9.6 The fextinr9-6-0156-1+4708-—+20+4-apphes:
9.7 Thetextin 9.7 of ISO 14708-1:2014 applies.
9.8 The fextin 9.8 of [SO 14708-1:2014 applies.
9.9 The fextin 9.9 of ISO 14708-1:2014 applies.
9.10 The textin 9.10 of ISO 14708-1:2014 applies.
9.11 The fextin 9.11 of ISO 14708-1:2014 applies.
9.12 The fextin 9.12 of ISO 14708-1:2014 applies.
9.13 The fextin 9.13 of ISO 14708-1:2014 applies.

9.14 The fextin 9.14 of ISO 14708-1:2014 applies.

10 Construction of the sales packaging
10.1 The fextin 10.1 of ISO 14708-1:2014 applies.
10.2 The fextin 10.2 of SO 14708=1:2014 applies.

10.3 The fextin 10.3 of [S@44708-1:2014 applies.

NOTE Removable stiekers, which provide supplementary information exceeding the information specified

in Clause 9, heed not tobe subjected to the test specified in 10.3.

10.4 The ]ext in(10.4 of ISO 14708-1:2014 applies.

11 Markings on the sterile pack

11.1 The textin 11.1 of ISO 14708-1:2014 applies.
11.2 The textin 11.2 of ISO 14708-1:2014 applies.
11.3 The textin 11.3 of SO 14708-1:2014 applies.
11.4 The textin 11.4 of ISO 14708-1:2014 applies.
11.5 The textin 11.5 of ISO 14708-1:2014 applies.

20
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11.6 The textin 11.6 of SO 14708-1:2014 applies.

11.7 The textin 11.7 of ISO 14708-1:2014 applies.

11.8 The textin 11.8 of ISO 14708-1:2014 applies.

11.9 The textin 11.9 of ISO 14708-1:2014 applies.

11.10 The sterile pack containing an implantable pulse generator shall bear the following information:

a)
b)
c)
d)

f)

g)
h)
Co

11.
pre

b)

The most comprehensive pacing mode available and the pacing mode as shipped (see noke in 9.4).

If the device has a rate-adaptive mode, a statement that rate modulation is “ON” or|?OFF’|.

The sensing, pacing configuration (bipolar, unipolar, automatically adjusted}as shipped

The implantable pulse generator as-shipped characteristics, measured' at 37 °C *
500 Q * 1 % load, for each input/output terminal as applicable:

1) the basic rate (in reciprocal minutes);

2) [this indent deleted]

3) the pulse amplitude (in volts or milliamperes);

4) the pulse duration (in milliseconds);

5) the sensitivity (in millivolts);

6) the AVinterval, if applicable (in milliseconds).

A statement that the implantable pulsé‘generator is coated, if applicable.

Connector geometry shall be provided by a reference using symbols or markings
published standards or, if different, the bore depths and diameters in millimetres.

NOTE Examples of standards providing connector geometries, symbols, or markings includg
[SO 11318, 1S0O 27185, and'1SO 27186.

Any additional infermation about special functions, which are active as shipped.

Type of sensorif rate response used for control (e.g. activity, minute ventilation, etc.).
pliance is thecked by inspection.

1  The'sterile pack containing a lead shall bear the following information necessary to ap

cribe the lead:

2 °C and

defined in

[SO 5841-3,

propriately

Identifying information as applicable: e.g. epicardial or endocardial; straight or shaped; unipolar,
bipolar or multipolar; drug eluting; passive or active fixation; recommended anatomical placement.

Physical dimensions, including:

1) thelength (in centimetres);

2) for a transvenous lead, the insertion diameter (in millimetres) and the size of the corresponding

introducer (in French gauge);

3) connector geometry shall be provided by a reference using symbols or markings defined in

published standards or, if different, the bore depths and diameters in millimetres.

© IS0 2019 - All rights reserved
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NOTE Examples of standards providing connector geometries, symbols, or markings include ISO 5841-3,

[SO 11318, 1

S0 27185, and ISO 27186.

Compliance is checked by inspection.

12 Construction of the non-reusable pack

12.1 The textin 12.1 of ISO 14708-1:2014 applies.

12.2 The text

12.3 The fextin 12.3 of [SO 14708-1:2014 applies.

13 Mark

13.1 The textin 13.1 of ISO 14708-1:2014 does not apply.

13.1.1 Eag
manufactu
the followi

a) Ifther
1) tw

2) th

3) ag
b) Them
If standard

Complianc

T TeOT

“o-+ra—aPP

ings on the active implantable medical device

h implantable pulse generator shall legibly and indelibly bear the name or trade name of]
Fer, the model designator and, optionally, the family name of the device, the serial number,
ng particulars, as applicable.

e is more than one input/output connector, then each connector shall be identified as follg
o-chamber implantable pulse generators:
the ventricular connector shall be marked with the symbolic designation “V”,
the atrial connector shall be marked with the symbolic designation “A”;
ree- chamber implantable pulse generators:
the left ventricular connector shall be marked with the symbolic designation “LV”,
the right ventricular conpngctor shall be marked with the symbolic designation “RV”,
the right atrial conpector shall be marked with the symbolic designation “A or RA”;
ensor connector,shall be identified with the symbolic designation “S”, if present.
hst comprehensive pacing mode available as shipped (see Annex C).
ized connector types are used, these shall be marked with the appropriate symbol.

e is.checked by inspection.

the
and

WS!

13.1.2 Each lead and, if practicable and appropriate, each adaptor shall be permanently and visibly
marked with an identification of the manufacturer, the model designation and the serial number or the
batch number as appropriate.

The model

designation may be incorporated into the batch or serial number.

Compliance is checked by inspection.

13.2 The textin 13.2 of ISO 14708-1:2014 applies.

22
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13.3 Implantable pulse generators shall incorporate a code by which the manufacturer can be
unequivocally identified. It shall be possible to read this code without the need for a surgical operation,
using equipment generally available to the physician.

The markings identifying the manufacturer and the model designation of the implantable pulse generator
may be in the form of radiopaque figures or letters.

Compliance is checked by a procedure defined by the manufacturer in the accompanying documentation
(see ISO 14708-1:2014, 28.6).

13.4 _Thetextin 134 of IS0 14708-1:2014 ;\pp]ipc

14|Protection from unintentional biological effects being caused by the a¢tive
implantable medical device

14.1 The textin 14.1 of SO 14708-1:2014 applies.
14.2 The textin 14.2 of ISO 14708-1:2014 applies.
14.8 The textin 14.3 of ISO 14708-1:2014 applies.

14.4 The textin 14.4 of SO 14708-1:2014 applies.

15|Protection from harm to the patient orCuser caused by external physical
features of the active implantable medical device

15.1 The textin 15.1 of ISO 14708-1:2014.applies.

15.2 The textin15.2 of ISO 14708-1:2014 applies.

16(Protection from hanm to the patient caused by electricity
16.1 The textin 16.1 of1SO 14708-1:2014 applies.

16.2 ISO 14708-%.specifies a maximum direct current density at any electrode of no more than 0,75 uA/
mmnyf2. This limitation applies to the combination of any net direct current allowed at the pace/sense
terminals and the electrode area of the lead conductor attached to such terminal. Because the construction
of the leads(and therefore lead electrode area) is out of the control of the implantable puls¢ generator
manufactarer, the intent of the ISO 14708-1 limit is met here by limiting the net direct currenf under the
assymption that the electrode area is sufficiently large so as not to exceed the specified currerrt density.

Except for its intended function, an implantable pulse generator, when in use, shall be electrically neutral.
No direct current of more than 1 pA shall occur in any of the current pathways of the case terminals and
no more than 0,1 pA in the current pathways of any other terminal.

NOTE1 For case terminals, the minimum electrode area required to achieve the maximum current density
specified in ISO 14708-1 is approximately 1,5 mm?2 , and for any other terminal, the area is approximately
0,15 mmZ2. The typical electrode area of pace/sense leads in use today is in the range of 2 mm?2 to 10 mm?, and
200 mm? to 600 mm? for defibrillation electrodes.

NOTE 2  Itis assumed for the purposes of this clause that leads from any other manufacturer can be attached

to the implantable pulse generator as a result of the use of common lead connector standards (e.g. ISO 5841-3,
[SO 11318, or ISO 27186).
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Test: Use a measuring device (MD) consisting of a d.c. voltmeter, with resolution better than 2 pV, fed
through a low-pass filter with a time constant of at least 10 s.

NOTE3  Asan example, this low-pass filter (LP-filter) can be implemented by a fourth order low-pass RC filter
with the elements built from 100 kQ resistors and 10 uF metalized polypropylene capacitors. When using this
type of filter, a d.c. voltmeter with an input resistance 240 M will minimize measurement error.

The implantable pulse generator shall be set to the nominal settings recommended by the manufacturer
(i.e. the “factory recommended settings”) but with the pulse amplitude and pulse duration programmed
to the highest available settings.

Each electytes

the device
resistors R
resistors R

NOTE4 1§

than two chl

|, are not used.

is implanted shall be identified and conn
., (see Figure 22). For devices with fewer terminals than shown in Figure 22, the a§Sociz

- rerato SSHe—w

ected to a common bus through 500 Q = 1,%

MD

bltage electrode 0f1S-1 connector, RV lead tip
bltage electrode of IS-1 connector, RV lead ring
bltage electrode of IS-1 connector, RA lead tip
bltage electrode of 1S-1 connector, RA lead ring
pltage electrode of IS-1 connector, LV lead tip

igure 22 employs a nomenclature developed for modern pacemaker and CRT-P devices having more
annels of pacing / sensing. ISO 14117:2019, Annex N provides additional details,6f\the nomenclat

lire.

Key

Ly loww
L, loww
L,; lowwv
L,, loww
L3, loww

L3, low voltage electrode of 1S-1 connector, LV lead ring

g case terminal

MD measuring device

Figure 22 — Example test set-up for measurement of electrical neutrality of a CRT-P device

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

The measurement of the individual terminal currents may be made with a plurality of measuring

devices.

24
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Compliance is confirmed if the absolute value of the potential difference across the resistor R connected
to the pulse generator case is less than 500 puV and less than 50 pV for any other conductive pathway,
unless the manufacturer demonstrates that higher direct current is justified for a particular condition

sub

ject to the maximum limit stated in 16.2 of ISO 14708-1.

16.3 The textin 16.3 of ISO 14708-1:2014 does not apply.

16.4 The design of the implantable pulse generator shall include a feature to limit the pulse rate in the
event of a fault within the device (runaway protection). The pulse rate limit shall be declared by the
manufacturer in the accompanying documents [see 28.8.2 e)].

17

17.

Int
one
nor

NOT

NOTI
exte

Thd

whg

Protection from harm to the patient caused by heat

L Protection from harm to the patient caused by heat

he absence of external influence, an implantable part of the implant system‘shall comply w
of the following conditions (a, b or c) when implanted, and when in normal operation, as
mal surrounding body temperature of 37 °C when implanted.

E1  The single-fault condition for temperature rise is covered by therequirement in ISO 14708-

E2 Examples of external influences include exposure to external recharging fields, MR], ele
rnal defibrillation, ultrasound, and electromagnetic fields.

no outer surface greater than 39 °C; or
no tissue receives a CEM43 thermal dose >2; or
manufacturer’s evidence that a higher temperature rise is justified for a particular appli

CEM43 dose value is calculated using Fermula (1):

CEM43=) 7 t;-R(*371)

re

; isthe i-th timejinterval in minutes;
T, isthe average temperature of the tissue in degrees Centigrade during the interval ¢;
R is 0,25{or T <43 °Cand 0,5 for T =43 °C;

n ,isthe number of samples taken during the heating duration.

Thi

rith atleast
suming the

1:2014, 19.3.

Ftrosurgery,

cation.

(0

5 formula is valid for temperatures between 39 °C and 57 °C.

Compliance is checked by inspection of a design analysis provided by the manufacturer, supported by

the

manufacturer’s calculations and data from test studies as appropriate.

17.2 Active implantable medical device intended to supply heat

The textin 17.2 of ISO 14708-1:2014 applies.

18

Protection from ionizing radiation released or emitted from the active

implantable medical device

18.1 The textin 18.1 of ISO 14708-1:2014 applies.

© IS0 2019 - All rights reserved

25


https://standardsiso.com/api/?name=fe3b3b062109495c78316d56935820e1

ISO 14708-2:2019(E)

18.2 The textin 18.2 of [SO 14708-1:2014 applies.

18.3 The textin 18.3 of ISO 14708-1:2014 applies.

19 Protection from unintended effects caused by the device

19.1 The textin 19.1 of ISO 14708-1:2014 applies.

19.2 The

extin 19.2 of ISO 14708-1:2014 does not apply.

19.2.1 Th
onset of req
specified b

NOTE1 1

NOTE2 |
manufactun

Complianc
the manuf3

19.2.2 Th
with the im

The calculz
the pulse a

If the manufacturer's settings\'do not allow turning off sensors and/or data storage, it is

e implantable pulse generator shall provide at least one power source indicator to warn off
ommended replacement time. The standardized prolonged service period, under the condit
blow, shall be at least the minimum follow-up period of six months [see 28.19 g)].

Table 2 — Standardized PSP conditions

Function DuaI-cigamber Single-c_hamber
settings settings
Pacing mode DDD VVI (SSI)
Pulse amplitude 2,5V 2,5V
Pulse duration 0,4 ms 0,4 ms
Basic rate 60 ming 60 min!
Percentage pacing 100% 100 %
Pacing load 6000+1% 6000 +1%
Sensor(s) status OFF OFF

'he pulse generators will not actively switch to standardized PSP conditions upon reaching RRT.

er's responsibility to demonStrate compliance using the rest of the parameters in Table 2.

cturer's calculatiofsand data from test studies as appropriate.

e projected senvice life shall be calculated for the maximum internal current drain condit
plantable puise generator set as closely as possible to the values in Table 3.

ition shall be repeated with the implantable pulse generator set as closely as possible to ty
mplitude selected for the first calculation.

the
ons

the

e is checked by assessment of a design analysis provided by the manufacturer, supportedl by

ons

vice

26

Table 3 — Settings for determining the projected service life

Function Setting
Pacing mode Most comprehensive
Pulse amplitude (all channels) 2,5V
Pulse duration 0,4 ms
Basic rate 60 min-!
Percentage pacing 100 %
Pacing load 600Q0+1%
Sensor(s) status ON
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Table 3 (continued)

Function Setting

Data storage or other diagnostic func-

tions, if applicable to the pacing mode ON

Compliance is checked by an assessment of the design analysis provided by the manufacturer, supported
by the manufacturer's calculations and data from test studies, as appropriate.

19. 2 3 The usable capaczty of the power source shall be calculated by adding the capac1ty that can be

19.

19.

19.

20

20.

20.

21
ap]

21.

21.2

22
mif

pliance is checked by assessment of the design analysis provided by the manufacturer,
he manufacturer's calculations and data from test studies, as appropriate.

.B The textin 19.3 of ISO 14708-1:2014 applies.

i The text in 19.4 of ISO 14708-1:2014 applies.
b The text in 19.5 of ISO 14708-1:2014 applies.

b The textin 19.6 of ISO 14708-1:2014 applies.

I Testing and compliance shall be in accerdance with ISO 14117.

P Testing and compliance shall beiin-accordance with ISO 14117.

Protection of the deyice from changes caused by high power electrical
plied directly to the patient

L The textin 21,1°0f1S0 14708-1:2014 applies.

Testing anid compliance shall be in accordance with ISO 14117.

Protection of the active implantable medical device from changes caus
scellaneous medical treatments

Protection of the device from damage caused by external defibrillators

under the
jpd with the
e 28.19 €)].

supported

fields

ed by

22.1 The textin 22.1 of ISO 14708-1:2014 applies.

22.2 The textin 22.2 of ISO 14708-1:2014 applies.

23 Protection of the active implantable medical device from mechanical forces

23.1 The textin 23.1 of [SO 14708-1:2014 applies.

© IS0 2019 - All rights reserved
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23.2 The textin 23.2 of [SO 14708-1:2014 applies.

Compliance shall be confirmed if, after completing the test procedure, the values for the implantable
pulse generator characteristics listed in 28.8.2 d) conform to the values stated in the manufacturer's
original specification.

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

Procedure: Use a precondltlonmg bath of appr0x1mately 9 g/l sallne at37°C+ 5 °C,a tensﬂe load tester,
a resistance-me 2 = ode
plate having a noble metal surface W1th a minimum area of 500 mm2 and a leakage current tegter,
capable of applying 100 V and supplying a current of at least 2 mA.

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

Specimens| shall be totally immersed in the preconditioning bath for a minirhum of 10 dpys.
Immediately prior to testing, the lead shall be rinsed in distilled or deionized water, and then wiped
free of surface water.

The lead shall be fitted in the tensile tester, clamped at the metallic surface.of the lead connector|pin
and at the [appropriate point on the distal end of the lead. The distance between the clamping pojnts
shall be mgasured.

The lead shall be subjected to a tensile load, limited to a valuescausing 20 % elongation, otherwise
increased fo at least 5 N. The tensile load shall be sustained foratleast 1 min, then relieved.

The tensild load application shall be repeated for each combination of distal end tip and lead conneftor
pin. This nJay be accomplished by using multiple leads as.the test sample.

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

The insulaftion integrity of each lead shall be\xerified by immersing the outer covering, other than
20 mm of gny exposed conductive surface, in-the test bath. The test specimen(s) shall be placed in|the
test bath Within 30 min of removal from thé preconditioning bath and shall be immersed in the fest
bath for a minimum of 1 h before proceeding. The test specimen shall be positioned in the test bath so
that the leqd body is not less than 50'mm nor more than 200 mm from the reference electrode platd.

Care shoulf be taken to ensure that the exposed conductive surfaces are electrically isolated from|the
saline bath during this procedie.

The insulafion shall then{be-subjected to a 100 V £ 5 V d.c. test potential between each conductor and
the referemce electrodecand between any two conductors that have an exposed conductive surface
intended f¢r contactwith tissue. The test voltage shall attain the full value within 0,1 s to 5 s. The fest
potential shall beamaintained at full value for at least 15 s before being lowered to zero.

Complianceg is cenfirmed if:

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

b) the continuity measurements comply with the manufacturer's specifications;

c) the leakage current measured between each conductor and the reference electrode and between
any two conductors that have an exposed conductive surface intended for contact with tissue is
<2 mA during the voltage application.

23.4 The textin 23.4 of ISO 14708-1:2014 applies.
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23.5 Implantable leads shall withstand the flexural stresses that might occur after implantation, without

frac

ture of any conductor.

Procedure: Two tests shall be performed. Test 1 shall be applied to all uniform flexible lead segments.
Test 2 shall be applied to the segment of the lead where the lead joins the connector body.

The test samples, whether in the form of complete leads or lead body segments, shall be preconditioned
the same way as the fully assembled and shipped product. The tests shall be performed in dry conditions

and

at room temperature.

Test 1: Use special holding fixture (see Figure 23). The inside bore of the fixture shall be no greater than

110
sha
con
rad

The

ford
toH
the

Alo
be {
bod
tha

us (see Figure 23).

. . . . . 0
fixture shall be mounted in a machine that can oscillate the fixture 6 = 90°+5 from the v

es the test segment to flex in the bell mouth of the fixture. The lead\test segment shall j
ang vertically under gravity in the holding fixture, oriented in the-worst-case test cond
test segment allows multiple orientations.

ad sufficient to ensure that the centre line of the test segment conforms to the bending 1
ittached to the lower end of a thin, flexible line (cord) strung through the test segmer
ies with no accessible lumen, a minimal tensile load.may be applied directly to the test s

it conforms to the bending radius.

- T~

Holding . N

Fixture " / % %

o of the diameter of the lead segment under test. AT the [ower end of the fixture, the msjide surface
| be formed into a bell mouth having a radius such that, when the test segment confgrms to the
four of the fixture, the centre line of the test segment forms a 6 mm #* 0,1 mm centre line bending

ertical and

e mounted
ition when

adius shall
1t. For lead
egment, SO

Figure 23 — Conductor flex test fixture
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The fixture shall be oscillated through an angle 6 =90° (; each side of vertical at a rate of approximately

2 Hz for a minimum of 47 000 cycles.

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

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

Complianceis confirmed if the measured resistance of each conduction path is within the manufacturer's
specificati¢Tis (adjusted for the length of the lead Segment under test), and each conductor is runctionally
intact as specified in the manufacturer's performance specification.

Test 2: Usg¢ a special holding fixture (see Figure 24) similar in form to the intended pulse generator
connector header. The holding fixture shall be made of rigid material, with the corners that'might cpme
in contact yith the lead connector rounded to a maximum radius of 0,5 mm. The cavity, depth shall b¢ set
at the minimum allowed in the applicable standard, or in accordance with the manufacturer's connegtor
specificatign if other connector systems are used. Except for the cavity depth and rounding, the fest
cavity dimensions shall be as specified in Figure 2 of ISO 5841-3:2013 (IS-1), Figure 4 of ISO 11318:2002
(DF-1), Fighire 4 of ISO 27186:2010 (1S-4/DF-4), or in accordance with the manufacturer's specificatjons
if another ¢onnector system is used.

P

Holding
Fixture

Test
Lead Segment

Figure 24 — Connector flex test fixture

The holding fixture shall be mounted in a machine that can rotate the fixture 45° + 2° from the vertical
(see Figure 24). The centre of rotation shall be in the plane where the rounded corners of the holding
fixture begin. The holding fixture shall allow the lead connector and attached lead segment to hang
vertically under gravity. The lead connector shall be fitted into the holding fixture, oriented in the
worst-case test condition and retained by the set-screw mechanisms.

A load shall be attached to the lead segment 10 cm *+ 0,5 cm from the centre of rotation of the holding
fixture. The load attachment mechanism shall ensure that there is no relative motion between the
conductor and the tubing at the point of attachment. The load (including the attachment mechanism)
shallbe 100 g+ 5 g.
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The holding fixture shall then be oscillated 8 = 45° + 2° each side of vertical at a rate of approximately
2 Hz for a minimum of 82 000 cycles.

The test shall be repeated for each joint in the lead body.

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

23.6 Implantable connectors, 1ntended for use by phy51c1ans to join Implantable pulse generators and
3 tor shall be
rmance as

NOTE The test is applicable only to connector systems without set-screws and/of lead connectors not
compatible with set-screws.

Test: The implantable connector pair shall be mated in accordance with the manufacturer's igstructions
and immersed in a saline bath, approximately 9 g/l at 37 °C + 5 °C, for a minimum of 10 days

After removal from the saline bath, the connector pair shall be subjected to successive straight pulls of
5N|=0,5N,75N+0,5N,and 10 N + 0,5 N, each for not less than 10-s:

Thd maximum force that does not result in disconnection shall be recorded as the test resuld.

Compliance is checked by assessment of the test results provided by the manufacturer (see §lso 28.4 of
1SO[14708-1).

23.V The text in 23.7 of ISO 14708-1:2014 appliés except for “Compliance is checked by d functional
test’ in the last paragraph.

Compliance is confirmed if, after completing the test procedure, the values for the implantable pulse
gengrator's characteristics listed in 28/8.2 d) conform to the values stated in the manpufacturer's
original specification.

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

24.1 The textin 244 0f1S0:14708-1:2014 applies.

24.2 The textin24.2 of [SO:14708-1:2014 applies.

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

25.1 Implantable parts of an active implantable medical device shall be constructed to withstand the
changes of pressure which can occur during transit or normal conditions of use.

Test procedure: The test shall be conducted in saline solution (approximately 9 g/1) with leads at room
temperature. The pulse generator will be exposed to the following:

— Low pressure: 50 kPa for 25 cycles with a minimum 3 min dwell time and ramp-up and ramp-down
times of maximum 3 min each.

— High pressure: minimum 304 kPa for 40 cycles with a minimum 2 min dwell time and ramp-up and
ramp-down times of maximum 2 min each.

NOTE The pressure values above are absolute values.
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Compliance is confirmed if the pulse generator provides uninterrupted pacing during exposure.
After exposure, the pulse generator shall function as prior to the test without adjustment. Permanent
deformation of the implantable device is acceptable as long as it does not affect operation of the
device, patient comfort or safety (for example, deformation that resulted in sharp edges would not be
acceptable).

25.2 The textin 25.2 of [SO 14708-1:2014 applies.

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

temperaturechanges

26.1 The th in 26.1 of ISO 14708-1:2014 applies.

26.2 The fextin 26.2 of ISO 14708-1:2014 applies.

27 Prote
non-ioni

27.1 Testi

27.2 Testi

ction of the active implantable medical device from electromagnetic
zing radiation

hg and compliance shall be in accordance with ISO 14117.

hg and compliance shall be in accordance with ISO 14117.

28 Accompanying documentation

28.1 The
contact det

Complianc

hccompanying documentation shall include the name and address of the manufacturer,
ails consisting of the postal address, telephone number and internet (www) address.

e is checked by inspection.

28.2 The fextin 28.2 of ISO 14708-1:2014 applies.

28.3 The fextin 28.3 of ISO 14708=1:2014 applies.

28.4 The fextin 28.4 of [SO-14708-1:2014 applies.

28.5 The fextin 28,5'0f1S0 14708-1:2014 applies.

28.6 The fextin28.6 of ISO 14708-1:2014 applies.

28.7 The textin 28.7 of ISO 14708-1:2014 applies.

28.8 The textin 28.8 of ISO 14708-1:2014 applies.

the

28.8.1 The accompanying documentation shall include a description of the device, including the
following information, as appropriate.

a) For implantable pulse generators:

1) general description, explanation of function, available pacing modes, and description of each
available pacing mode;

32
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b)

Compliance is checked by inspection.

28.

a)

b)

d)

ISO 14708-2:2019(E)

Instead of using a description in words, the mode codes defined in Annex C may be used in the
markings and accompanying documentation to designate the pacing mode of the implantable pulse

generator.
2) description of other functions (e.g. mode switching, antitachycardia pacing features).

For leads:

1) type of lead (atrial/ventricular/coronary sinus, epicardial/endocardial, straight/preshaped,

unipolar/bipolar, etc);

2

B.2 The device specifications and characteristics for an implantable pulse generator shall
follpwing information, as appropriate.

L i L i L 5 5 o)
Laj dallClivul llls ITICCIIAIITIO I LPGJOIVD, OLCICUVVTILI, bLL-},
3) other characteristics (e.g. drug dispensing means.).
For adaptors:

1) the configuration (unipolar, etc.).

include the

The connector configuration (unipolar, bipolar, etc.), the)geometry (bore depths and dfameters in
millimetres) of the receiving connector and the type oflocking mechanism. References tq applicable
connector standards may be used in lieu of providing the dimensions of the receiving|connector.
Any markings used to identify connector termjinals (see 13.1.1) and any symbol(s) of markings

defined in the applicable connector standards shall be explained.
The physical characteristics, including:

1) the mass of the implantable pulse generator (in grams);

2) the principal dimensions (ip-millimetres);

3) the volume of the implantable pulse generator (in cubic centimetres);

4) a general description-of the materials, including coatings, which will come into cqntact with

human tissue.

If an electrode is-an-integral part of the implantable pulse generator, then the electrode mjaterial and

its surface areay(in square centimetres).

The programmable parameters (see 6.1), nominal values and values as shipped (including ranges
and tolerances), at 37 °C = 2 °C and 500 Q * 1% load (unless otherwise stated), ifjcluding as

applicable:

1) ranges of basic rate, test pulse rate, and interference pulse rate and the equivalent pulke intervals

(and escape intervals) (in reciprocal minutes and milliseconds);

2) the pulse shape (for example, by diagram) with the points which define the pulse amplitude and

pulse duration identified (see Figure D.1 and Figure D.2);

3) the pulse amplitude (in volts or milliamperes);
4) the pulse duration (in milliseconds);

5) [this indent deleted]

6) the sensitivity range for both positive and negative polarities, together with a description of the

waveform used (see Figure D.3);
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7) the refractory periods, pacing, sensing, and, if applicable, PVARP (in milliseconds);

8) the AVintervals, pacing and sensing (in milliseconds);

9) the maximum tracking rate range (in reciprocal minutes).

e) Any non-programmable characteristics measured in 6.1, and the pulse rate limit (runaway
protection) in reciprocal minutes (with tolerances), at 37 °C = 2 °C and 500 Q * 1 % load (unless
otherwise stated).

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

g) Anyre

Complianc

28.8.3 Th
appropriatg.

a) Agene
the shj

b) A stat
giving

c¢) The ph

1y
2)
3)

4)
5)

6)

7)

d) The lead pacing.impedance (in ohms) (see 6.2).

e) Any
ISO 14

th
th

th
th

th

th
m

th
co

th
ge

commendation regarding the use of lead(s) (see also ISO 14708-1:2014, 28.4).

e is checked by inspection.

a)

ipe, materials, and configuration of the electrode(s).

the identity of the medicinal substance.
ysical dimensions, including (nominal value):
e length (in centimetres);

b geometric surface area of electrode(s) (in square millimetres);

b size of the corresponding introducer (in’ French gauge);

b maximum depth of penetration of the fixation mechanism into the tissue, if applicable
llimetres);

b connector geometry. (lengths and diameters in millimetres), or a reference to publig
hnector standards ineluding any designations or markings;

e type of sensornit/applicable, with description and compatibility with the implantable p
herator.

Feconimendations regarding wuse with implantable pulse generators (see

708-1:2014, 28.4).

Compliance is checked by inspection.

e distance(s) between electrodes (hipolar or multipolar endocardial leads) (in millimetres]);

e device specification and characteristics for a lead shall include the followinginformatioh as

ral description of the materials used for the conductor(s), connectorpin and insulation, pnd

bment advising whether the lead contains medicinal substan¢e as an integral component,

e insertion diameter of the transvenous lead*(except for connector end) (in millimetres) pnd

)

(in

hed

Lise

hlso

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

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

b) The compatible implantable pulse generators and leads (in particular, see 23.6 and the compatibility
with proprietary implantable pulse generator locking mechanisms).

c¢) The physical dimensions (nominal values) including geometry, lengths and diameters (in
millimetres), including any designations or markings defined in the applicable connector standards.
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Compliance is checked by inspection.

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

Compliance is checked by inspection.
28.9 The textin 28.9 of ISO 14708-1:2014 applies.

28.10 The textin 28.10 of ISO 14708-1:2014 applies.

28.11 The textin 28.11 of ISO 14708-1:2014 applies.
28.12 The textin 28.12 of ISO 14708-1:2014 applies.
28.13 The textin 28.13 of ISO 14708-1:2014 applies.
28.14 The textin 28.14 of ISO 14708-1:2014 applies.
28.15 The textin 28.15 of ISO 14708-1:2014 applies. Also refer‘to 28.12.
28.16 The textin 28.16 of ISO 14708-1:2014 applies.
28.17 The textin 28.17 of ISO 14708-1:2014 applies:
28.18 The textin 28.18 of ISO 14708-1:2014 applies.

28.19 The accompanying documentatien for an implantable pulse generator shall include the following
infqrmation, as appropriate, to allow thelifetime of the power source to be estimated.

a) |The usable capacity of the pawer source (see 19.2.3).

b) [Current consumption of the implantable pulse generator, both when pacing into 500 Q 4 1 % loads
and when inhibited, at beginning of service and set to the most comprehensive pacing mode available
with other parameters programmed to the manufacturer's recommended settings.

c) |The nominal projécted service life of the implantable pulse generator, under specified condlitions (see
19.2.2).

d) |[Information correlating the power source indicator with the implantable pulse| generator
characteristics (measured at a temperature of 37 °C = 2 °C and 500 ( * 1%) and modes, ihcluding as
applicable:

1) the basic rate and basic pulse interval (in reciprocal minutes and in milliseconds);

2) the test pulse rate and test pulse interval (in reciprocal minutes and in milliseconds);
3) the pulse duration(s) (in milliseconds);

4) the pulse amplitude(s) (in volts or milliamperes);

5) the sensitivity (in millivolts);

6) any pacing mode change.

Changes of characteristics that can be used as power source indicator(s) in accordance with 19.2.1
should be identified.
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e) The standardized prolonged service period (see 19.2.1), and the conditions under which the
prolonged service period is derived. Also include mean PSP values at the manufacturer's default
device settings.

Compliance is checked by inspection.

28.20

28.21

28.22

28.23

28.24

28.25

28.26

28.27

28.28

28.29

28.30

36

The text in 28.20 of ISO 14708-1:2014 applies.

The textin 28.21 of ISO 14708-1:2014 applies.

The text in 28.22 of ISO 14708-1:2014 applies.
The textin 28.23 of ISO 14708-1:2014 applies.
Th¢ textin 28.24 of ISO 14708-1:2014 applies.
The textin 28.25 of [SO 14708-1:2014 applies.
The text in 28.26 of ISO 14708-1:2014 applies.
The text in 28.27 of ISO 14708-1:2014 applies.
The textin 28.28 of ISO 14708-1:2014 applies.
The textin 28.29 of ISO 14708-1:2014 applies.

The textin 28.30 of ISO 14708-1:2014 applijes.
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Annex A
(informative)

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

Essential principles Clauses of ISO 14708-1 Clauses of ISO 14-708-2
and aspects cpvered

5 Epsential principles

5.1)1 Implants must be designed and manufac- |(This principle is fundamen- |* retained

turpd in such a way that, when used under the
corditions and for the purposes intended and,
where applicable, by virtue of the technical
kngqwledge, experience, education or training,
and the medical and physical conditions of
int¢nded users, they will perform as intended
by the manufacturer and not compromise the
cliffical condition or the safety of patients, or the
saf¢ty and health of users or, where applicable,
othler persons, provided that any risks which
carl be associated with their use constitute
accpptable risks when weighed against the
ber]efits to the patient and are compatible with a
high level of protection of health and safety.

tal to all aspects of an active
implantable medical device
addressed by ISO 14708.)

5.3 Requires usability engi-
neering process be applied
to non-implantable parts of
the active implantable medi-
cal device

5.5 Requires:parts of an ISO
14971-compliant risk man-
agement(process to be applied

5.12 The solutions adopted by the manufacturer.
for|the design and manufacture of the implants
mupt conform to safety principles, taking account
of tthe generally acknowledged state of-theart.
WHen risk reduction is required, the/manufac-
turr must control the risks so that the resid-
ual|risk associated with each hazard is judged
acdeptable. The manufactureft must apply the
following principles in the pkiority order listed:

— | identify known or\foreseeable hazards and
estimate the associated risks arising from
the intendedruse and foreseeable misuse;

— | eliminatey'risks as far as reasonably
practicable through inherently safe design
and manufacture;

— Lrefluce as far as reasonably nracticable

(This principle is fundamen-
tal to all aspects of an active
implantable medical device
addressed by ISO 14708. This
approach is particularly ap-
plicable to the requirements
in Clauses 14, 19, and 21.)

5.4 Requires the manufactur-
er to provide information se-
curity when communication
with the implantable partis
through wireless communi-
cation channels

5.5 Requires parts of an ISO
14971-compliant risk man-
agement process to be applied

the remaining risks by taking adequate
protection measures, including alarms; and

— inform users of any residual risks.

5.1.3 Implants must achieve the performance
intended by the manufacturer and be designed
and manufactured in such a way that, during
normal conditions of use, they are suitable for
their intended purpose.

(This principle is fundamen-
tal to all aspects of an active
implantable medical device
addressed by ISO 14708.)
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.1.4 The characteristics and performances re-
ferred toin 5.1.1, 5.1.2 and 5.1.3 must not be ad-
versely affected to such a degree that the health
or safety of the patient or the user and, where
applicable, of other persons are compromised
during the lifetime of the implant, as indicated
by the manufacturer, when the implant is sub-
jected to the stresses which can occur during
normal conditions of use and has been properly

19.2 Requires power source
depletion indicator.

* replacement

19.3 Defines methodology to |* retained
ensure single fault conditions

are not a HAZARD.

23.1 Defines drop test for * retained

NON-IMPLANTABLE PARTS.

23 2 Defines vibration test for

* retained

maintained in accordance with the manufactur-
er’s instrudtions.

patient carried parts.

additional text

23.3 Sets test of tensile
strength (LEADS, etc.).

* replacement

23.4 Requires strain relief
(LEADS, etc.).

* retained

23.5 Requires fatigue resist-
ance (LEADS, etc.).

* replacenient

23.6 Requires connections to
be reliable.

* replacement

26.1 Requires protection * retained
from heat from powered,NoGN
IMPLANTABLE parts
28.4 Requires disclosure of  |* retained
maximum provefconnector
retention strength.
28.23 Requires warning * retained
against patient entry into
hazardous environments.
5.1.5 Implapts must be designed, manufactured |7:2-Requires sterile pack to be |* retained
and packaged in such a way that their character~jprotected by sales packaging.
istics find performances during their intended\J| 1 1 Requires packaging to be | * retained
use will not be adversely affected by transport |, able.
and storagg¢ conditions (for example, fluetu* - - -
ations of teperature and humidity) taking 10.2 Requires packaging *retained
account of the instructions and infermation to be protected against the
provided b} the manufacturer. effects of humidity.
10.3 Requires markings * retained

on the sales package to be
indelible.

additional note

10.4 Requires accompanying
documentation to be physical-
ly associated with the device

* retained

12.3 Requires markings on

* retained

e steriie paCck to be 1ndeliple.

26.2 Requires device to be
protected against the effect
of temperature changes.

* retained

5.1.6 All known and foreseeable risks, and any
undesirable effects, must be minimised and be
acceptable when weighed against the benefits
of the intended performance of implants during
normal conditions of use.

19.3 Defines methodology to
ensure single fault conditions
are not a HAZARD.

* retained

19.4 Requires investigation of
unintended effects caused by
the device.

*retained

5.2 Specific principles regarding design and construction

5.2.1 Chemical, physical and biological properties

38
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.2.1 The implants must be designed and
manufactured in such a way as to ensure the
characteristics and performance referred to
in 5.1. Particular attention must be paid to:

the choice of materials used, particularly
as regards toxicity and where applicable
flammability,

14.3 Requires investigation of
biocompatibility.

* retained

the compatibility between the materials
used and biological tissues, cells, and
body fluids taking account of the intended
purpose of the device,

the choice of materials used, reflecting,
where appropriate, matters such as
hardness, wear and fatigue strength.

5.2)2 The implants must be designed, man-
ufaftured and packaged in such a way as to
minimize the risk posed by contaminants and
res|dues to the persons involved in the trans-
port, storage and use of the implants and to
patfents, taking account of the intended purpose
of the implant. Particular attention must be
paifl to tissues exposed and to the duration and
frequency of exposure.

14.2 Defines test for partieu*
late contamination.

* retained

14.3 Requires investigation of
biocompatibility,

* retained

5.2|3 The implants must be designed and man-
ufaftured in such a way that they can be used
safg¢ly with the materials, substances and gases
which they enter into contact during their
norjmal use or during routine procedures; ifthe
implants are intended to administer medicinal
products they must be designed and manufac-
turpd in such a way as to be compatible with
thelmedicinal products concernediaccording to
the|provisions and restrictions geverning these
praducts and that their performance is main-
taied in accordance with'the intended use.

19.5Demonstrate compatibil-
itywith medicinal substances

* retained

5.2|4 The implants mast'be designed and manu-
factured in such a way as to reduce as far as rea-
sonjably practicable-and appropriate the risks
poded by substances that can leach or leak from
thelimplant.Special attention must be given to
substances-which are carcinogenic, mutagenic
or foxic to reproduction.

25.1 Requires implanted
parts to withstand pressure
changes

* replacement

[a Y ud

5.2.5 T}lC illlp}dlltb 1uuat ]UC dCDisllCd Cllld IIIdaIr=
ufactured in such a way as to reduce as far as
reasonably practicable and appropriate risks
posed by the unintentional ingress or egress of
substances into or from the implant taking into
account the implant and the nature of the envi-
ronment in which it is intended to be used.

Ld.l RCLluil <5 illlp}dlltcd
parts to withstand pressure
changes

X 1 4
I CPIdLClllCllL

5.2.6 The implants must be designed and man-
ufactured in such a way as to reduce as far as
reasonably practicable and appropriate risks
posed by insufficient cleanliness of the implant.
Risks posed by insufficient cleanliness include
risks posed by bacterial endotoxins, pyrogens
and particulate contaminates.

14.1 Requires device to be
supplied sterile

* retained
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Essential principles Clauses of ISO 14708-1 Clauses of ISO 14708-2
and aspects covered
5.3 Infection and microbial contamination
5.3.1 The implants and manufacturing processes|14.1 Requires device to be * retained
must be designed in such a way as to eliminate or |supplied sterile
toreduce as far as reasonably practicable and ap-
propriate the risk of infection to patients, users and,
where applicable, other persons. The design must:
— allow easy handling, and, where necessary:
— reducq as far as reasonably practicable and
approjpriate any microbial leakage from
the immplant and/or microbial exposure
during use,
— prevent microbial contamination of the
implant, by the patient, user or other person.
5.3.2 Implants labelled as having a special mi-  |7.1 Requires device to be sup- | * retained
crobiologicpl state must be designed, manufac- |plied in non-reusable pack.
tu}rl'ed alnd ;;ckagﬁed to elr(lsure éhey remain sod 7.2 Requires sterile pack to be [*retained
when placed on the market and remain so under protected by sales packaging.
the transpgrt and storage conditions specified
by the manpifacturer. 10.1 Requires packagingto’be|* retained
durable.
10.2 Requires packagingto  |* retained
be proof againstthe effects of
humidity.
11.7 Requires contents of * retained
sterile pack to be declared or
visible.
11.9 Requires the sterile * retained
pack to be marked with the
instructions for opening it.
12.1 Applies ISO 11607 to the |* retained
reusable pack.
12.2 Shall be apparent if ster- | * retained
ile pack has been opened.
14.1 Requires device to be * retained
supplied sterile.
5.3.2 Implants labelled.asthaving a special mi- | (Not applicable because 14.1
crobiologicpl state must’be designed, manufac- |requires that implantable
tured and gackagedto’ensure they remain so parts of an ACTIVE IMPLANT- |
when placeld on the'market and remain so under |ABLE MEDICAL DEVICE be
the transpartand storage conditions specified |provided sterile.)
by the manlfacturer

40
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.3.3 Implants delivered in a sterile state must |7.1 Requires device to be sup- |* retained
be designed, manufactured and packaged in plied in non-reusable pack
a non-_riusable [zjack, artld/or accotr}(lil?ghto ap- 7.2 Requires sterile pack to be |* retained
propriate procedures, to ensure that they are rotected by sales packagin
sterile when placed on the market and remain b - y P - &8 " -
sterile, under the transport and storage condi- |10.1 Requires packaging to retained
tions indicated by the manufacturer, until the be durable
protective packaging is damaged or opened. 10.2 Requires packagingto | * retained
be proof against the effects of
humidity
11.7 Requires contents of * retained
sterile pack to be declared
or visible
11.9 Requires the sterile * retained
pack to be marked with the
instructions for opening it
12.1 Applies ISO 11607-1 te -/ * retained
the reusable pack
12.2 Shall be apparentiif ster- | * retained
ile pack has been epéned
14.1 Requires deVice to be * retained
supplied sterile
5.3|4 Implants labelled either as sterile or as
haying a special microbiological state must have | .
bedn processed, manufactured and, if applicable,
sterilized by appropriate, validated methods.
5.3|5 Implants intended to be sterilized must be 114.1 Requires device to be * retained
mahufactured in appropriately controlled (e.g.\~ | supplied sterile.
environmental) conditions. 14.2 Defines test for particu- |* retained
late contamination
5.3]|6 Packaging systems for non-sterile implants
mupt maintain the integrity and-¢lteanliness of | (Not applicable because
the|product and, if the implants.are to be steri- |subclause requires that
lizdd prior to use, minimize the’risk of microbial |implantable parts of an active | —
corftamination; the packaging system mustbe |implantable medical device
suitable taking account.ofthe method of sterili- |be provided sterile.)
zatlon indicated by, themanufacturer.
5.3|7 The labelling*ef the implant must dis- (Not applicable because
tinguish between-identical or similar prod- subclause requires that
uctp placed enthe market in both sterile and implantable parts of an active | —
noil-sterile;condition. implantable medical device
be provided sterile.)
5.4Ux ici

5.4.1 This subclause is not intended to provide guidance on “combination products” as a whole since definitions
have yet to be harmonized and practice varies between different jurisdictions.

5.4.2 Where an implant incorporates, as an inte-
gral part, a substance which, if used separately,
might be considered to be a medicinal product/
drug as defined in the relevant legislation that
applies within that jurisdiction and which is
liable to act upon the body with action ancillary
to that of the device, the safety, quality and per-
formance of the implant as a whole must be ver-

the substance in the specific application.

ified, as well as the safety, quality and efficacy of

14.4 Requirement for quality
and safety of incorporated
medicinal substances.

* retained
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.5 Implants incorporating materials of biological origin

5.5.1 This subclause is not intended to provide guidance on “combination products” as a whole since definitions
have yet to be harmonized and practice varies between different jurisdictions.

ing tissues,

to veterina

and/or the
tion on the
Processing

such as pri

inactivatio
process.

5.5.2 In some jurisdictions implants incorporat-

cells and substances of animal origin

might be considered medical devices. In this
case, such tissues, cells and substances should
originate from animals that have been subjected

(Not applicable to ACTIVE IM-
PLANTABLE MEDICAL DEVICES)

[y controls and surveillance adapted

to the interjded use of the tissues. National reg-
ulations mijght require that the manufacturer

Regulatory Authority retain informa-
seographical origin of the animals.
preservation, testing and handling

of tissues, dells and substances of animal origin
must be cafried out so as to provide optimal
safety for patients, users and, where applicable,
other persqns. In particular, safety with regard
to viruses gdnd other transmissible agents (e.g.

ns) must be addressed by implemen-

tation of vallidated methods of elimination or

1 in the course of the manufacturing

ing human

selection o
of human o

to provide
where appl

mentation

5.5.3 In sorhe jurisdictions implants incorporat-

Lissues, cells and substances might

be considelfed medical devices. In this case, the

sources, donors and/or substances
rigin, the processing, preservation,

testing and handling of tissues, cells and sub-
stances of quch origin must be carried out so as

pptimal safety for patients, users and,
ficable, other persons. In particular,

safety with{regard to viruses and other trans-
missible agents must be addressed by imple-

bf validated methods of elimination

or inactivagion in the course of the manufactur-
ing process.

(Not applicable to ACTIVE IM-
PLANTABLE MEDPICAL DEVICES.)

rating cells

case, proce
handling of
out so as to
users and,
particular,

5.5.4 In some jurisdictions implants incorpo-

and substances.eficrobial origin

might be cqnsidered medigaldevices. In this

5sing, presetryation, testing and

cells and{substances must be carried
provideoptimal safety for patients,
vhete'applicable, other persons. In
cdfety with regard to viruses and

(Not applicable to ACTIVE IM-
PLANTABLE MEDICAL DEVICES.)

other transmissibleagentsmustbeaddressed
by implementation of validated methods of
elimination or inactivation in the course of the
manufacturing process.

5.6 Enviro

nmental properties
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.6.1 If the implant is intended for use in com-
bination with other devices or equipment the
whole combination, including the connection
system must be safe and must not impair the
specified performance of the implants. Any
restrictions on use applying to such combina-
tions must be indicated on the label and/or in
the instructions for use. Connections which the
user has to handle, such as fluid, gas transfer

connectors to be identified on
sterile pack.

9.9 Requires implantable * retained
connectors to be identified on

sales pack.

11.8 Requires implantable * retained

23.6 Requires connector re-
tention force to be specified.

* replacement

or hechanical coupling, must be designed and
constructed in such a way as to minimize all
pogsible risks from incorrect connection.

information on accessories
that might be required to
facilitate the intended use of

the device.

28.4 Requires disclosure of |* retained
maximum proven connector

retention strength.

28.5 Requires provision of * retained

ele¢trical and electromagnetic effects, elec-
troftatic discharge,radiation associated with

and acceleration;

5.6]|2 Implants must be designed and manufactured in such a way as to remove or reduce as far as regasonably
prakcticable and appropriate:
5.6|2.1 The risk of injury to the patient, user or |15.1 Sets requiremént for * retained
othler persons in connection with their physical |surfaces of NON-IMPLANTA-
and ergonomic features; BLE PARTS.
15.2 Requiresimplantable * retained
parts to have appropriate
physicalform.
5.6|2.2 The risk of use error due to the ergonom- | 5.3 Requires USABILITY ENGI- |* retained
ic fe¢atures, human factors and the environment |NEERING PROCESS be applied
in which the implant is intended to be used; to non-implantable parts of
the ACTIVE IMPLANTABLE
MEDICAL DEVICE
5.5 Requires parts of an * retained
ISO 14971-compliant risk
management process to be
applied
5.6|2.3 Risks connected with ieasonably fore- |23.1 Defines drop test for * retained
seepble external influences-or environmental NON-IMPLANTABLE PARTS.
corjditions, such as magnetic fields, external 23.2 Defines vibration test for |* retained

patient carried parts.

additional text

diagnostic or theérapeutic procedures, pressure,
hurhidity, temperature or variations in pressure

24.1 Defines electrostatic
discharge test for NON-IM-
PLANTABLE PARTS.

* retained

25.1 Requires implanted

* replacement

pdal tb tU ‘UC P11 UUf dsdillbt
pressure changes.

26.2 Requires implantable
devices to be undamaged by
extremes of temperature in
transit.

* retained

27.1 Defines requirement for
electromagnetic immunity.

* replacement

5.6.2.4 The risks associated with the use of the
implant when it comes into contact with mate-
rials, liquids, and gases to which it is exposed
during normal conditions of use;

19.3 Requires a design analy-
sis and defines the methodol-
ogy for the analysis

* retained
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

substances into the implant;

5.6.2.5 The risk associated with the possible 19.3 Requires a design analy- |* retained
negative interaction between software and sis and defines the methodol-

the environment within which it operatesand |ogy for the analysis

interacts;

5.6.2.6 The risks of accidental penetration of 19.3 Requires a design analy- |* retained

sis and defines the methodol-
ogy for the analysis

5.6.2.7 The risks of reciprocal interference with

20.1 Requires defibrillation

* replacement

other devides normally used in the investiga-
tions or for|the treatment given;

protection of external ECG
leads.

20.2 Defines test to prove
defibrillation protection of
implanted device.

* replacement

21 Requires protection
against diathermy, etc.

*21.1 retained

* 21.2 replacement

22 Requires protection * retained
against diagnostic ultrasound.

28.12 Requirement for warn- {# retained
ing notices.

28.13 Requires warnjing * retained
about monitoring deviee in

case of diathermy etc.

28.14 Requireswarning not |*retained
to expose device to therapeu-

tic levels of ultrasound.

28.15.Requires warning * retained

abotit-the effect of therapeu-
ticirradiation on implanted
devices.

additional text

5.6.2.8 Rigks arising where maintenance or
calibratiof are not possible, including-from:

ageing|of materials used,
loss offaccuracy of any measuring or control
mechajnism,

excessfve increase.ofleakage currents,

excess|heat generdted by the implant.

17.1 Requires investigation of
local heating caused by faulty
implanted device

* replacement

17.2 Requires that supply * retained
heat be investigated
19.1 Requires a design anal- |* retained

ysis.

19.2 Requires power source
depletion indicator.

* replacement

5.6.3 Implantsamust be designed and manufac-
tured in sughCayway as to minimize the risks of

5 Applies IEC 60601-1 to the
NON-IMPLANTABLE PARTS of

* retained

fire or expl ostomn dul ius ToT Trrat st aud 1T aius}c
fault condition. Particular attention must be
paid to implants whose intended use includes
exposure to or use in association with flamma-
ble substances or substances which could cause
combustion.

=l dne . 1 R P | e
LIIT ALV llllpldllLdUlC ITICTUI=
cal device.
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Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

5.6.4 Implants must be designed and manufac-
tured in such a way that adjustment, calibra-
tion, and maintenance, where such is necessary
to achieve the performances intended, can be
done safely.

17.1 Requires investigation
of local heating caused by the
implanted device in normal
operation or in any single
component failure

* replacement

19.1 Requires a design
analysis

* retained

19.2 Requires power source

* replacement

depletion indicator

nutherically must be in commonly accepted,
stahdardised units, and understood by the-isers
of the implant.

5.6|5 Implants must be designed and manu- 28.29 Requires information |* retained
factured in such a way as to facilitate the safe on proper disposal of the
disposal of any waste substances. device
5.7|Implants with a diagnostic or measuring function
5.7]1 Diagnostic implants and implants with 5.1 Applies IEC 60601-1 to * retained
amjeasuring function, must be designed and the non-implantable parts
mahufactured in such a way as to provide of the ACTIVE IMPLANTABLE
sufficient accuracy, precision and stability for =~ |MEDICAL DEVICE that areCofi-
thelintended purpose of the implant, based on  |nected to or equipped with
apgropriate scientific and technical methods. an electrical powersource
Th¢ limits of accuracy must be indicated by the
mahufacturer.
5.7 Any measurement, monitoring or display |5.1 Applies IEC60601-1 to * retained
scale used in association with an implant must |the non-implantable parts
be flesigned in line with ergonomic principles, |of the A€FIVE IMPLANTABLE
takiing account of the intended purpose of the MEDICAL DEVICE that are con-
implant. nected to or equipped with
anelectrical power source
5.713 Wherever possible values expressed 5.1 Applies IEC 60601-1 to * retained

the non-implantable parts

of the ACTIVE IMPLANTABLE
MEDICAL DEVICE that are con-
nected to or equipped with
an electrical power source

5.8|Protection against radiation

5.8

Implants must be desighéd and manufactured
and packaged in suChya’'way that exposure of
patfents, users afd-other persons to any emitted
radiation must b€ reduced as far as reasonably
prakcticable and appropriate, compatible with
thelintended purpose, while not restricting the
apglication of appropriate specified levels for
therapeutic and diagnostic purposes.

1 General

(See more particular require-
ments below)

5.8.2 Intended radiation

Where implants are designed to emit hazardous,
or potentially hazardous, levels of radiation nec-
essary for a specific medical purpose the benefit
of which is considered to outweigh the risks
inherent in the emission, it must be possible for
the user to control the emissions. Such implants
must be designed and manufactured to ensure
reproducibility of relevant variable parameters
within an acceptable tolerance.

(Not applicable to active im-
plantable medical devices)
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Essential principles Clauses of ISO 14708-1 Clauses of ISO 14708-2
and aspects covered
5.8.3 Unintended radiation 9.1 Requires markings * retained
Implants must be designed and manufactured in warning of any radioactive
. substances
such a way that exposure of patients, users and . _
other persons to the emission of unintended, 18.1 Requirement for sealed |* retained
stray or scattered radiation is reduced as far as |sources
reasonably practicable and appropriate. 18.2 Requires justification of |* retained
radiation dose on patient
18 3 Requires radiation dase [* retained
as low as is possible
28.2 Requires information to |* retained
be provided about radioac-
tive substances
5.8.4 Ionizing radiation (Not applicable to active im- |
plantable medical devices)
5.8.4.1 Implants intended to emit ionizing ra-
diation mu$t be designed and manufactured in
such a waylas to ensure that, where reasonably
practicable} the quantity, geometry and energy |— -
distributiof (or quality) of radiation emitted can
be varied ahd controlled taking into account the
intended uge.
5.8.4.2 Implants emitting ionizing radiation
intended fq‘r diagnostic radiology must be
designed apd manufactured in such a way as
to achieve gdppropriate image and/or output — —
quality for fhe intended medical purpose while
minimising radiation exposure of the patient
and user.
5.8.4.3 Implants emitting ionizing radiation,
intended fgr therapeutic radiology must be
designed apd manufactured in such a way as.to
enable religble monitoring and control of the — —
delivered dpse, the beam type and energy and
where appijopriate the energy distriBution of
the radiatign beam.
59 lmplar‘ts that incorporate software
5.9.1 Implapts incorporatingelectronic pro- 5.2 Requires implants to * retained
grammablq systems, including software must be |be designed according to
designed tq ensure repeatability, reliability and |software life cycle process
performange according to the intended use.In  |activities compliant with IEC
the event of a single.fault condition, appropriate |62304:2006 and validated
means must be'adopted to eliminate or reduge 19.3 Requires a design analy- |* retained
asfarasre psantably practicable and appropriate | ¢;¢ 14 defines the methodal-
consequent risks. ogy for the analysis
5.9.2 For implants which incorporate software, |5.2 Requires implants to * retained
the software must be validated according to the |be designed according to
state of the art taking into account the princi- software life cycle process
ples of development lifecycle, risk management, |activities compliant with IEC
verification and validation. 62304:2006 and validated
5.10 Active implants and devices connected to them
5.10.1 For active implants, in the event of a single |19.3 Defines methodology to |* retained
fault condition, appropriate means must be ensure single fault conditions
adopted to eliminate or reduce as far as reasona- |are not a hazard
bly practicable and appropriate consequent risks.
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5.10.2 Implants where the safety of the patients
depends on an internal power supply must be
equipped with a means of determining the state
of the power supply.

19.2 Requires power source
depletion indicator

* replacement

more clinical parameters of a patient must be
eqyipped with appropriate electronic alarm sys-
tenys to alert the user of situations which could
leadl to death or severe deterioration of the
patjent's state of health by way of an external
devjice used in association with the implant.

the non-implantable parts

of the ACTIVE IMPLANTABLE
MEDICAL DEVICE that are con-
nected to or equipped with
an electrical power source

5.10.3 Implants where the safety of the patients |5.1 Applies [EC 60601-1 to * retained
depends on an external power supply must the non-implantable parts of
include an electronic alarm system to signal any |the active implantable medi-
power failure by way of an external device used |cal device that are connected
in DDU\.;Gt;UlI vV ith thc illll.}}allt. tU Ul Cblbl;yycd \AY4 ;th dll C}C\.
trical power source
5.10.4 Implants intended to monitor one or 5.1 Applies IEC 60601-1 to * retained

5.19.5 Implants must be designed and manufac-
turpd in such a way as to reduce as far as rea-
sonjably practicable and appropriate the risks
of dreating electromagnetic interference which
couyld impair the operation of this or other de-
vices or equipment in the usual environment.

27.1 Defines requirement.for
electromagnetic immunity

* replacement

5.19.6 Implants must be designed and manufac-
turpd in such a way as to provide an adequate
lev¢l of intrinsic immunity to electromagnet-

ic disturbance to enable them to operate as

27.1 Defines requirement for
electrpimagnetic immunity

* replacement

turpd in such-a,way as to protect the patient and
user againstunechanical risks connected with,

int¢nded.
5.19.7 Implants must be designed and man- 5.1 Applies [EC 60601-1 to * retained
ufaftured in such a way as to avoid, as far as the non-implantable parts
reaponably practicable, the risk of accidental of the ACTIVE IMPLANTABLE
eleg¢tric shocks to the patient, user or,any other |MEDICAL DEVICE that are con-
perfson, both during normal use of the‘implant |nected to or equipped with
and in the event of a single faultcondition in the |an electrical power source
my lant', pfiovm'ieg.the 131{))13?;( Iy 1nstaflled and 16.1 Sets safety limits for * retained
majntained as indicated bythé manufacturer. leakage currents from
non-implantable parts
5.1j1 Protection against mechanical risks
5.11.1 Implants mast be designed and manufac- |5 Applies IEC 60601-1 to the |* retained

non-implantable parts of the
ACTIVE IMPLANTABLE MEDI-

tured in such a way as to reduce to the lowest
practicable level the risks arising from vibration
generated by the implants, taking account of
technical progress and of the means available
for limiting vibrations, particularly at source,
unless the vibrations are part of the specified
performance.

for example; resistance to movement, instability |CAL DEVICE.
and mowing parts.
5.1 .2 Illly}allto llluot bC dcbisllcd aud lllallufﬂL 5 APPIICO IEC (JC(JCl 1 tU thc = I Ctaiucd

non-implantable parts of the
active implantable medical
device
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practicable

is part of th

5.11.3 Implants must be designed and manufac-
tured in such a way as to reduce to the lowest

level the risks arising from the noise

emitted, taking account of technical progress
and of the means available to reduce noise,
particularly at source, unless the noise emitted

e specified performance.

5 Applies IEC 60601-1 to the
non-implantable parts of the
active implantable medical
device

* retained

5.11.4 Implants must be designed and manufac-

5.3 Requires usability engi-

* retained

nected orr

3 ala. . <l o il 1 4+
tured 1n suera way aStoTeuutTTOTIICTOWTEST

practicable;[}‘evel, the risk of error when certain
parts withi

econnected before or during use.

the implant are intended to be con-

TICCT ;‘15 lJl ULLSS UU ayy};cd tU
non-implantable parts of the
ACTIVE IMPLANTABLE MEDI-
CAL DEVICE

intended td
atures) and
potentially

5.11.5 Implant (excluding the parts or areas

supply heat or reach given temper-
their surroundings must not attain
dangerous temperatures under

normal conlditions of use.

17.1 Defines requirement for
protection from heat

* replacement

5.11.6 Impl
and manuf;
abrasion bg
lowest prad

hnt packaging must be designed
ictured in such a way as to reduce
tween packaging and implant to the
ticable level.

10.1 Specifies packaging
construction

* rétained

15.12 Protection against the risks posed to the patient by energy supplies or substances

or associat
ciated devi
operation d

bd devicessWhere an implant or asso-
Ce bedrs-instructions required for its
r indicates operating or adjustment

parameter

bymeans of a visual system, such

5.12.1 Implants for supplying the patient with  |19.3 Requires a desigh analy- |* retained
energy or spbstances must be designed and sis and defines the methodol-
constructel in such a way that the delivered ogy for the analysis.
amount can} be set and maintained accura_tely 5.1 Applies JEC 60601-1 to * retained
enough to guarantee the safety of the patient the nonswiplantable parts
and of the yser. of the"ACTIVE IMPLANTABLE

MEDICAL DEVICE that are con-

fiected to or equipped with

an electrical power source
5.12.2 Impllants must be fitted with the means of | 5.1 Applies IEC 60601-1 to *retained
preventingfand/or indicating any inadequaeies |the non-implantable parts
in the delivered amount which could pose a dan- |of the ACTIVE IMPLANTABLE
ger. Implanfs must incorporate sujtablé means |MEDICAL DEVICE that are con-
to prevent,jas far as possible, the-aceidental re- |nected to or equipped with
lease of danpgerous levels of energy or substanc- |an electrical power source
es from an pnergy and/or substance source.
5.12.3 The function of the/controls and indica- |13.4 Specifies on-device * retained
tors must he clearly specified on the implants markings

information must be understandable to the user.

5.13 Label

and Instruction for Use

5.13.1 General principles

This subclause describes the general principles that apply equally to all implants.

The primary purpose of labelling is to identify the implant and its manufacturer and communicate safety and
performance related information to the user, professional or other person, as appropriate. Such information can
appear on the implant itself, on packaging or as instructions for use. The following principles are recommended.
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The medium, format, content, legibility, and
location of the label and instructions for use
must be appropriate to the particular device, its
intended purpose and the technical knowledge,
experience, education or training of the intend-
ed user(s). In particular, instructions for use
must be written in terms readily understood by
the intended user and, where appropriate, sup-
plemented with drawings and diagrams.

4 Allows use of symbols,
abbreviations, and identifica-
tion colours

* retained

additional note

The information required on the label, might
be provided on the implant itself. If this is not
pralcticable or appropriate, some or all of the
inf¢rmation can appear on the packaging for
each unit, and/or on the packaging of multiple
implants.

12.3 Requirement that any
markings shall be indelible

* retained

13.2 Requires implantable
parts to be marked with suf-
ficient information to allow
for positive identification at
the time of implantation

* retained

Where the manufacturer supplies multiple im-
plahts to a single user and/or location, it might
be gufficient to provide only a single copy of the
instructions for use. In these circumstances, the
mahufacturer must provide further copies upon
request.

Instructions for use might not be needed or
might be abbreviated for implants if they can be
usgd safely and as intended by the manufacturer
without any such instructions for use.

—

Lah
ble
chi

els must be provided in a human-reada-
format but can be supplemented by ma-
he-readable forms, such as radio-frequency
ideptification (RFID) or bar codes.

Instructions for use can be provided tg the user
either in paper or non-paper format (e.g. elec-
tro:[nic). They can be supplied by various means
either with the implant or sepatate from it.
Exdmples of other means are\information down-
loagled from the manufactuiret’s website using
the|internet, and machin€zreadable sources.

Th¢ means chosen must be appropriate for, and
accpssible to, the anticipated user population.

10.4 Requires accompanying
documentation to be physical-
ly associated with the device

* retained

Where instructions for use are provided on a
mefdium othep than paper, the manufacturer
mupt ensure the user has information on how to:

1) | view the instructions for use;

access the correct version of the

instructions for use; and

2)

3) obtain a paper version of the instructions

for use.

Residual risks which are required to be commu-
nicated to the user and/or other person must
be included as limitations, contraindications,
precautions or warnings in the labelling.

8.1 Requires warnings to be
prominent

* retained
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The use of internationally recognized symbols
must be encouraged provided that implant safe-
ty is not compromised by a lack of understand-
ing on the part of the user. Where the meaning
of the symbol is not obvious to the implant user,
e.g. for a newly introduced symbol, an explana-
tion must be provided within the instructions
for use.

4. Allows use of symbols,
abbreviations and identifica-
tion colours

* retained

additional note

Country-s
the labelling must be kept to the minimum and,
where they|currently exist, eliminated as the
opportunit arises.

3£3 3 ot +la 4 ol
CITTC T O UIT CTITCITCS TOT LT COTITCTIT OT

Where natipnal legislation, such as customs
statutes, trhde agreements and the like, include
requirements for additional documentation

to accompany the implant, there might be an
inconsisterjcy between the additional docu-
mentation §nd the content of implant labelling
described ih this document. An example is a
customs refjuirement to indicate the “country of
origin” of the implant which does not necessar-
ily align wifth the address of the manufacturer
indicated ifh the labelling according to 5.13.2 c)
or 5.13.3 b) of this document.

Provided that safe and correct use of the im-
plant is endured, a regulatory authority might
authorize labelling to be in one or more lan-
guage(s) other than its national language(s).

5.13.2 Conkent of the label

The label njust contain the following particulars which can appear on the implant itself, or on the packaging|of
each unit, dr on the packaging of multiple devices,
a) The ngme or trade name of the implant. 11.1 Requires identification |* retained
of MANUFACTURER on STER-
ILE PACK
b) The dgtails strictly necessary.for’a user to|9.3 Requires description of  |* retained
identifly the implant and itsuse: device and model designation
on the SALES PACK
9.4 Requires MARKING with  |* retained
fgjgg?tegitilg: sufficient to additional note and subclays-
y es 9.4.1 through 9.4.4
9.8 Requires SALES PACK to * retained
bear information about ac-
cessories provided
9.10 Requires supplementary |* retained
description, if 9.3 and 9.4 are
inadequate to declare purpose
11.6 Requires description of |* retained
device and mode designation
on the STERILE PACK
11.7 Requires identification |* retained
of contents of STERILE PACK
¢) The name and address of the manufacturer|9.2 Requires name and ad- * retained
in a format that is recognizable and allows|dress of MANUFACTURER on
the location of the manufacturer to be|the sales pack
established.
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d)

For imported implants, the name and postal
address of the authorized representative,
or importer or distributor established
within the importing country/jurisdiction
might be required. This information can
be added by the authorized representative,
importer, or distributor within the country
of import, rather than be provided by
the manufacturer, in which case, the

9.2 Requires name and ad-
dress of MANUFACTURER on
the sales pack

* retained

additional label must not obscure any of the
manufacturer's labels.

Where appropriate, an indication that
the implant contains or incorporates a
medicinal or biological substance, e.g. bone
cement containing an antibiotic for use in
orthopaedics.

28.7 Requires information
about medicinal products
which the device is designed
to administer

* retained

28.28 Requires an indica-
tion that the device contains
medicinal substance derived
from human blood or httman
plasma

*retained

f)

The batch code/lot number or the serial
number of the implant preceded by the
word LOT or SERIAL NUMBER or an
equivalent symbol, as appropriate, to allow
post-market action to be taken if there is a
need to trace or recall the implant.

9.3 Requires bate¢h'code or
serial number oun the SALES
PACK

* retained

11.6 Requires batch code or
serialiumber on the STER-
ILE PACK

* retained

g)

An unambiguous indication of the date
until when the implant can be used safely,
expressed at least as the year and month
(e.g. on implants supplied sterile), where
this is relevant.

97’Requires MARKING of a
“USE-BEFORE” date

* retained

11.5 Requires MARKING of a
“use-by” date

*retained

h)

Where there is no indication of the date
until when it can be used safely, the year
of manufacture. This yeat of manufacture
can be included as part)of the batch or
serial number, provided the date is clearly
identifiable.

9.7 Requires MARKING and
defines format

* retained

11.4 Requires MARKING and
defines format

* retained

An indication ef\any special storage and/or
handling cogdition that applies.

9.11 Requires MARKING and
defines format

* retained

If the JAmplant is supplied sterile, an
indicatien’ of its sterile state and, where
appropriate, the sterilization method.

11.2 Requires method of ster-
ilization to be marked

* retained

k)

Warnings or precautions to be taken

8.1 Requires warnings to be

* retained

that llCCd tU II:'C bl uusht tU thC ;uuucd;atc
attention of the user of the implant as
relevant, and to any other person where
appropriate (e.g. “THIS IMPLANT CONTAINS
LATEX”). This information can be kept to
a minimum in which case more detailed
information must appear in the instructions
for use.

H 4+
PTOTITTITCITT

28.12 Requirement for warn-
ing notices

* retained

)

If the implant is intended for single use, an
indication of that fact.

28.18 Requires and defines
warning notice about reuse of
the device

* retained

11.3 Requires MARKING of
special purpose.

* retained

© IS0 2019 - All rights reserved

51


https://standardsiso.com/api/?name=fe3b3b062109495c78316d56935820e1

ISO 14708-2:2019(E)

Essential principles

Clauses of ISO 14708-1

Clauses of ISO 14708-2
and aspects covered

special purpose.

n) If the implant is intended for premarket|9.13 Requires MARKING of * retained
clinical investigation only, an indication of|special purpose.

that fact. 11.3 Requires MARKING of ~ |* retained
special purpose.

o) If the implant is intended for non-clinical|9.13 Requires MARKING of * retained
research, teaching or testing purposes only, |special purpose.

an indication of that fact. 11.3 Requires MARKING of * retained
Qppf‘iﬂl pnrpncp

p) Iftheimplantisintended for presentation or|9.13 Requires MARKING of * retained
demonstration purposes only, an indication |special purpose.

of thagfact. 11.3 Requires MARKING of ~ |* retained

5.13.3 Content of the instructions for use

a)

The instrugtions for use must contain the fol-
lowing par

iculars:

The ngme or trade name of the implant.

28.1 Requires name and ad-
dress of manufacturer

* replacentent

b)

The ngme and address of the manufacturer
in a format that is recognizable and allows
the lodation of the manufacturer to be
established, together with a telephone
numbdgr and/or fax number and/or website
addreds to obtain technical assistance.

28.1 Requires name and ad-
dress of manufacturer

*replacement

The |implant’'s intended
including the intended
profespional), as appropriate.

use/purpose
user (e.g.

28.8 Requiresiinformation
describing the intended use.

*additional subclauses

The pgrformance of the implant intended by
the mgnufacturer.

28.8 Requires information
describing the intended use.

* additional subclauses

Whergd the manufacturer has included
clinicall investigations as part of premarket
conformity assessment to demonstrate
conforfmity to Essential Principles, a
summary of the investigation;\outcome
data and clinical safety informwation, or a
referefice as to where such.information can
be accg¢ssed.

19.4 Requires investigation of
unintended effects caused by
the device

* retained

£)

Any residual risks, eontraindications and
any eypected and foreseeable side effects,
includng information to be conveyed to the
patient in this regard.

28.12 Requires warning no-
tices on hazards arising from
interaction

*retained

g)

Specifications~the user requires to use the
implaritcappropriately, e.g. if the implant
has a Lmeasuring—fonection;

tha dagraa of
t et S

5.1 Applies IEC 60601-1 to
the non-implantable parts of

* retained

T =) T

accuracy claimed for it.

THTPTorreoroT

cal device

e

h)

If the implant contains, or incorporates,
a medicinal substance and/or material
of biological origin, identification of that
substance or material, as appropriate.

28.7 Requires information
about medicinal products
which the device is designed
to administer.

* retained

28.28 Requires an indica-
tion that the device contains
medicinal substance derived
from human blood or human
plasma

* retained
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Details of any required preparatory
treatment or handling of the implant before
it is ready for use (e.g. checking, cleaning,
disinfection, drying, packaging, sterilization,
final assembly, calibration, etc.).

NOTE 1 The principleini)isin addition to infor-

(Not applicable to active im-
plantable medical devices)

ma
me
Har

ion given in the previous edition of this docu-
1t, and in addition to information given in Global
monization Task Force guidance documents.

j)

Any requirements for special facilities, or
special training, or particular qualifications
of the implant user and/or third parties.

(Not applicable to active im-
plantable medical devices)

k)

The information needed to verify whether
the implant is properly installed and is
ready to perform safely and as intended
by the manufacturer, together with, where
relevant:

details of the nature, and frequency, of
preventative and regular maintenance,
and of any preparatory cleaning or
disinfection;

identification of any consumable
components and how to replace them;

information on any necessary
calibration to ensure that the implant
operates properly and safely during its
intended life span;

methods of eliminating. the risks
encountered by persons involved in
installing, calibratifig) or servicing the
implants.

(Not applicable to active im-
plantable medical devices)

)

An indication of any-special storage and/or
handling condition' that applies.

7.2 Requires sterile pack to be
protected by sales packaging.

* retained

10.1 Requires packaging to
be durable

* retained

10.2 Requires packaging
to be protected against the
effects of humidity

* retained

10.5 Requires markings on
sales packaging to be indelible

*retained with additional note

10.4 Requires accompanying |* retained
documentation to be physical-

ly associated with the device

12.3 Requires markings on * retained
sales packaging to be indelible

26.2 Requires device to be * retained

protected against the effect
of temperature changes
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m) If th

e implant is supplied sterile,

instructions in the event of the sterile
packaging being damaged before use.

28.17 Requires instructions
on dealing with the contents
if the sterile pack has been
opened or damaged.

* retained

If the

ISO 17664.

implant is supplied non-sterile, the

appropriate instructions for sterilization.

(Not applicable because 14.1
requires that active implanta-
ble medical device be provid-
ed sterile.)

NOTE 2 Further information is provided in

o) If the

be reu
or the

implant is reusable, information on

the appropriate processes to allow reuse,
including cleaning, disinfection, packaging
and, where appropriate, the method of re-
sterilization. Information must be provided
to iderjtify when the implant must no longer

sed, e.g. signs of material degradation
maximum number of allowable reuses.

(Not applicable to active im-
plantable medical devices)

For im|
other

p)

— i

— 1
toj

(for examp

plants intended for use together with
implants, medical devices and/or

generdl purpose equipment:

ormation to identify such implants,

medical devices or equipment, in order
to|obtain a safe combination and/or;

ormation on any known restrictions
combinations of implants, medical

dgvices and equipment.

NOTE 3 Mg¢dical devices and equipment intended
for use together with the implant incltde both
those designed and manufactured bythé implant
manufacturger (for example, associatedhinstruments)
and those designed and manufactiired by others

e, general purpos€equipment).

28.4 Requires information
on connector specifications,
assembly instructions, and
connector performaiice.

* retained

28.5 Requires proyision of
information ehlaccessories
that might be required to
facilitate the intended use of
the device

* retained

28.9\Requires information to
allow selection of device, ac-
cessories and related devices

* retained

q) If th

medic

in

e implant _emits hazardous, or

potentiially hazardeus levels of radiation for

| purpos€s:

dqtailed/information as to the nature,
type.. and where appropriate,

the
the

pncify anddistribution of

9.1 Requires markings
warning of any radioactive
substances

*retained

28.2 Requires information to
be provided about radioac-
tive substances

* retained

emitted radiation;

the means of protecting the patient,
user, or third party from unintended
radiation during use of the implant;
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r) Information that allows the user and/or
patient to be informed of any warnings,
precautions, measures to be taken and
limitations of use regarding the implant.

28.22 Requires warnings on |* retained
precautions to avoid adverse
environments

28.12 Requires warning * retained

regarding known hazards by
reciprocal interference.

This information must cover, where
appropriate:
warnings, precautions and/or
measures to be taken in the event

14.3 Requires investigation of
biocompatibility.

* retained

of malfunction of the implant, or
malfunction of devices used in
association with the implant, or
changes in implant performance that
can affect safety;

warnings, precautions and/or
measures to be taken in regards to the
exposure to reasonably foreseeable
external influences or environmental
conditions, such as magnetic fields,
external electrical and electromagnetic
effects, electrostatic discharge,
radiation associated with diagnostic
or therapeutic procedures, pressure,
humidity, or temperature;

warnings, precautions and/or
measures to be taken in regards to
the risks of interference posed by the
reasonably foreseeable presence of
the implant during specific diagnostio
investigations, evaluations, therapeutic
treatment or use (e.g. electromdgnetic
interference emitted by the jimplant
affecting other equipment);

if the implant administers medicinal
or biological produkets, any limitations
or incompatibility ‘in the choice of
substances tobedelivered;

warnings, precautions and/or
limitations related to the medicinal
substance or biological material that
is-dincorporated into the implant as an
integral part of the implant;

precautions related to materials

incorporated into the implant that are
carcinogenic, mutagenic or toxic, or
could result in sensitization or allergic
reaction of the patient or user.
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Warnings or precautions to be taken
related to the disposal of the implant, its
accessories and the consumables used
with it, if any. This information must cover,
where appropriate:

infection or microbial hazards (e.g.
explants, needles or surgical equipment
contaminated with potentially

28.29 Requires instructions
for proper removal and
disposal.

* retained

inffectious substances of human origin);

er
o1
h3

vironmental hazards (e.g. batteries
materials that emit potentially
zardous levels of radiation);

physical hazards (e.g. from sharps).

Date
instru

t)

bf issue or latest revision of the
Ctions for use and, where appropriate,

an identification number.

28.25 Requires the date of
issue or an indication of last
revision.

* retained

5.14 Clinic

al evaluation

5.14.1 For
conformity

tion must

literat

to establis
exists for t

all implants, the demonstration of
¥ with essential principles must in-

clude a clinical evaluation. The clinical evalua-

pview clinical data in the form of any:

clinical investigation reports,

ire reports/reviews, and

clinicall experience.

h that a favourable benefit-risk ratio
e implant.

19.4 Requires investigationof
unintended effects caused.by
the device

* retained

5.14.2 Clini
must be car
the Helsinkj
in the clinic
of the need
cation of th
might have
pre-study |

cal investigations on humian subjects
ried out in accordance with:the spirit of
i Declaration. This inCludes every step
] investigation fromirst consideration
and justificatiof of the study to publi-
e results. In addition, some countries
specific regulatory requirements for
rotocolreview or informed consent.

19.4 Requires that any clinical
investigations are conducted
according to ISO 14155

* retained
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