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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
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F[governmental, In_fiaison with 190, also take part In the WOrk. 1S9O collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

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

14708-2 was prepared by Technical Committee ISO/TC 1505 Implants for surgery, Subcomn
Ve implants.

second edition cancels and replaces the first edition (ISO 14708-2:2005), which has been
5ed.

14708 consists of the following parts, under.the general title Implants for surgery — Active
ical devices:

Part 2: Cardiac pacemakers

Part 3: Implantable neurastimulators
Part 4: Implantable jnfusion pumps
Part 5: Circulatory-support devices

Part 6: Particular requirements for active implantable medical devices intended to treat tach
(includihgimplantable defibrillators)

following parts are under preparation:

y with the

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

Standards

bted by the technical committees are circulated to the member bodies far, voting. Publication as an

ct of patent

hittee SC 6,

technically

implantable

Part 1: General requirements for safety,-marking and for information to be provided by the manufacturer

yarrhythmia

Part 7: Particular requirements for cochlear implant systems
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Introduction

This part of ISO 14708 specifies particular requirements for those ACTIVE IMPLANTABLE MEDICAL DEVICES

intended to treat bradyarrhythmias (PACEMAKERS), to provide basic assurance of safety to both patients
users.

and

enclosure (fn IMPLANTABLE PULSE GENERATOR). The device can stimulate heart beats by generatlng electri
impulses which are transmitted to the heart along implanted, insulated conductors with ELECTRODES (LEA
The PACEMAKER may be adjusted non-invasively by an electronic device, known as a programmer,

This part of ISO 14708 is relevant to all parts of implantable PACEMAKERS, including all accessories. Typical

examples afe IMPLANTABLE PULSE GENERATORS, LEADS, ADAPTORS, programmers and the related software.

The requirgments of this part of ISO 14708 supplement or modify those of ISO 14708-1, referred to as
General Stgndard. The requirements of this part of ISO 14708 take priority over those of ISO 14708-1.

Figures or [tables that are additional to those of ISO 14708-1 are numbéred starting from 101; additi
annexes ar¢ lettered AA, BB, etc.

Although bgth this part of ISO 14708 and the Directive 90/385/EEC. deal with the same products, the strug
and purposg of the two documents are different. Annex AA correlates the requirements of the Directive
the subclauges of ISO 14708-1 and this part of ISO 14708. Annéx BB provides reference in the other direq
from this pprt of ISO 14708 to the Directive. Annex CC is a rationale providing further explanation of]
subclauses|of this part of ISO 14708.

Annex DD [|describes a coding system that may be’used to designate bradyarrhythmia pacing mo
Annex EE provides optional symbols that may be\used to reduce the need for translation of MARKINGS
information|in the accompanying documentatien.in multiple languages. Annex FF defines reference point
measuremgnts of PULSE AMPLITUDE and PULSE DURATION, and the form of test signal used to detern
SENSITIVITY

All annexesg except Annex FF are informative.

the

bnal

ture
Wwith
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the
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and
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Implants for surgery — Active implantable medical devices —

Part 2:
Cardiac pacemakers
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The)

Scope

part of ISO 14708 specifies requirements that are applicable to those ACTIVE IMPLANTAR
CEs intended to treat bradyarrhythmias.

tests that are specified in this part of ISO 14708 are type tests, and aré-to be carried out on s
ce to show compliance.

part of ISO 14708 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 ei
fopriate method detailed in this particular standard~of by any other method demonstrated

features of an ACTIVE IMPLANTABLE MEDICAL DEVICE intended to treat tachyarrhythmias are
14708-6.

E1 The device that is commonly\referred to as an ACTIVE IMPLANTABLE MEDICAL DEVICE may in fac
Ce, a combination of devices, or a.combination of a device or devices and one or more accessories. Nd

Antable parts and accessories'if they could affect the safety or performance of the implantable device.
E2 In this part of ISO 14708, terms printed in SMALL CAPITAL LETTERS are used as defined in Claus

ed term is used as aqualifier in another term, it is not printed in small capital letters unless the concept
50 defined.

Normative references

following referenced documents are indispensable for the application of this document,

LE MEDICAL

bmples of a

evices (see

her by the
to have an

iracy equal to, or better than, the method specified. In case of dispute, the method detjiled in this
parficular standard applies.

covered by

be a single
t all of these

5 are required to be either partially ‘or totally implantable, but there is a need to specify some requirenments of non-

e 3. Where a
hus qualified

For dated

refe)

ences, only the edition cited applies. For undated references, the latest edition of the

referenced

document (including any amendments) applies.

ISO 5841-3:2000, Implants for surgery — Cardiac pacemakers — Part 3: Low-profile connectors (IS-1) for
implantable pacemakers

ISO 8601, Data elements and interchange formats — Information interchange — Representation of dates and
times

ISO

11318:2002, Cardiac defibrillators —

Dimensions and test requirements

© 1SO 2012 — All rights reserved
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ISO 14117, Active implantable medical devices — Electromagnetic compatibility — EMC test protocols for
implantable cardiac pacemakers, implantable cardioverter defibrillators and cardiac resynchronization devices

ISO 14708-1:2000, Implants for surgery — Active implantable medical devices— Part1: General
requirements for safety, marking and for information to be provided by the manufacturer

IEC 60068-2-47, Environmental testing — Part 2-47: Test — Mounting of specimens for vibration, impact and
similar dynamic tests

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance

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

31

accessory
article which, while not being a device, is intended specifically by its manufacturef-to be used together with a
device in agcordance with the use of the device intended by the device manufacturer

3.2
adaptor
special conpector used between an otherwise incompatible active implantable pulse generator and a lead

3.3

pacemaker
ACTIVE IMPUANTABLE MEDICAL DEVICE intended to treat bradyarrhythmias, comprising an IMPLANTABLE PYLSE
GENERATOR|and LEAD(S)

34
implantablge pulse generator
part of the RACEMAKER, including the power supply and electronic circuit that produces an electrical output

3.5
sensor
part of a pagemaker that is designed to detect signals for the purpose of RATE MODULATION

3.6
dual-chamber
condition offrelating both‘to-the atrium and ventricle

3.7

input impefance

Zi

(implantableputsegenerator;etectricatmpedance presentedatam input termimat;, measuredaccording 1o the

procedure in 6.1.4 and taken as equal to that presented to a sensed beat

3.8

sensitivity

sensing threshold

minimum signal required to control consistently the function of the IMPLANTABLE PULSE GENERATOR

NOTE See 6.1.3.

2 © 1SO 2012 — All rights reserved
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3.9

electrode

electrically conducting part (usually the termination of a LEAD), which is designed to form an interface with
body tissue or body fluid

3.10
bipolar lead
LEAD with two ELECTRODES, electrically isolated from each other

3.1
unipolar lead
LEAD with one ELECTRODE

31
endocardial lead
LEAD with an ELECTRODE designed to make contact with the endocardium, or inner surfacé‘of the heart

3.13
epig¢ardial lead
LEAD with an ELECTRODE designed to make contact with the epicardium, or puter surface of the heaft

3.14
tranijsvenous
appfoach to the heart through the venous system

3.15
insertion diameter

(LEAD) minimum bore of a rigid cylindrical tube into which the LEAD (not including the connector) may be
insqrted

31

lead conductor resistance
RC
ohnmic resistance between the ELECTRODE and the corresponding lead connector terminal

3.17
lead pacing impedance

Zp

impgedance that is formed.by the ratio of a voltage PULSE to the resulting current
NOTE 1 The impedance is composed of the ELECTRODE/tissue interface and the LEAD CONDUCTOR RESISTANGE.

3.18
lead sensingimpedance

Zs

soufceé-impedance of a LEAD as seen by an IMPLANTABLE PULSE GENERATOR

3.19

model designation

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

3.20

serial number

unique combination of letters and/or numbers, selected by the manufacturer, intended to distinguish a device
from other devices with the same MODEL DESIGNATION

© 1SO 2012 — All rights reserved 3
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3.21
beat

ordered spontaneous or paced activity of the heart

3.22
pulse

electrical output of an IMPLANTABLE PULSE GENERATOR intended to stimulate the myocardium

3.23

pulse amplitude
amplitude of the PULSE measured according to the procedure in 6.1.2

3.24

pulse duration

duration of
3.25
pulse inter|
interval bet
NOTE K
3.26

he PULSE measured according to the procedure in 6.1.2

val
veen equivalent points of two consecutive PULSES

ee 6.1.2.

basic pulsé¢ interval

PULSE INTER

3.27
pulse rate
number of F

[«
v

NOTE

3.28

basic rate
PULSE RATE
other electr

3.29

atrioventric
AV interva
delay betwg
or the sens

g
v

NOTE

3.30

VAL in absence of sensed cardiac or other electrical influence

ULSES per minute

ee 6.1.2.

of an IMPLANTABLE PULSE GENERATOR, either atrial or ventricular, unmodified by sensed cardig
cal influence
tular interval

ben an atrial PULSE o the sensing of an atrial depolarization and the subsequent ventricular Py
ng of a ventricular depolarization

ee 6.1.8,

escape int
time elapsi

C or

LSE

rval
ner—t—ﬁB'Eﬂ_d‘fh—d—l—d‘PUtE_g etween the sensing of a spontaneous an € succeeding non-triggere 0

IMPLANTABLE PULSE GENERATOR

NOTE

3.31
hysteresis

See 6.1.5.

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

NOTE

The ESCAPE INTERVAL is normally longer than the BASIC PULSE INTERVAL; this is “positive” hysteresis.

© 1SO 2012 — All rights reserved
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3.32

interference pulse rate

PULSE RATE with which the IMPLANTABLE PULSE GENERATOR responds when it senses electrical activity that it
recognizes as interference

3.33

maximum tracking rate

maximum PULSE RATE at which the IMPLANTABLE PULSE GENERATOR will respond on a 1:1 basis to a triggering
signal

3.34
ratgd modulation
altefing of the PULSE interval as a function of a control parameter other than a sensed BEAT

3.34
refractory period of the device
peripd of time during which atrial or ventricular pacemaker timing is unaffected\by sensed spontaneous
depplarizations, although sensing is not completely disabled

3.3
tesf pulse interval
PUL$SE INTERVAL of an IMPLANTABLE PULSE GENERATOR when directly influericed by a testing device

3.3
test pulse rate
PUL$E RATE of an IMPLANTABLE PULSE GENERATOR when directlyyinfluenced by a testing device

33
beginning of service
BO
timg at which an individual IMPLANTABLE PULSE GENERATOR is first released by the manufacturgr as fit for
plaging on the market

3.3
end of service
EO
timg at which the PROLONGED SERVICE PERIOD has elapsed and no further pacing function is specified nor can
be ¢xpected

3.4(
projected service life
peripd from the jmplantation of the IMPLANTABLE PULSE GENERATOR to the RECOMMENDED REPLAQEMENT TIME
under defined conditions

3.41
prolonged service period
PSR
period during which the IMPLANTABLE PULSE GENERATOR continues to function as defined by the manufacturer
to prolong basic bradyarrhythmia pacing beyond the RECOMMENDED REPLACEMENT TIME

3.42

power source indicator

means of indicating the electrical status of the power source during the implantable pulse generator's service
life

© 1SO 2012 — All rights reserved 5
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3.42

recommended replacement time

RRT

time at which the POWER SOURCE INDICATOR reaches the value set by the manufacturer of the IMPLANTABLE
PULSE GENERATOR for its recommended replacement

NOTE This indicates entry into the PROLONGED SERVICE PERIOD.
3.44

stoichiometric capacity
capacity as defined by the active materials contents in the power source

3.45
use-before|date
date after which the manufacturer recommends that the ACTIVE IMPLANTABLE MEDICAL DEVICE should nof be
placed in a patient
3.46
usable capjacity

portion of the STOICHIOMETRIC CAPACITY of the power source that can be utilized-by the IMPLANTABLE PULSE
GENERATOR|UNTIL END OF SERVICE is reached

4 Symbols and abbreviated terms
This clause|of the General Standard applies.
Additional NOTE.

NOTE $ee informative Annex EE for optional symbols for (1se in expressing information so as to reduce the neef for
multiple langhiages on packaging and in manuals.

5 Genefal requirements for non-implantable parts

This clause|of the General Standard applies.

6 Measprements of implantable pulse generator and lead characteristics

6.1 Measurement of implantable pulse generator characteristics

6.1.1 General considerations

This subclguse, addresses only the acuity of the measurement system. The accuracy tolerances descr{bed
below are f f - the
implantable pulse generator characteristics measured in accordance with the methods described in this clause
shall be within the range of values stated by the manufacturer in the accompanying documentation [see 28.8].

The procedures shall be performed with the IMPLANTABLE PULSE GENERATOR at a temperature of 37 °C + 2 °C,
connected to a load of 500 2 + 1 % and set to the nominal settings recommended by the manufacturer (the
factory recommended settings), unless otherwise stated.

The overall measurement accuracy for each test shall be within the limits given in Table 101.

6 © 1SO 2012 — Al rights reserved
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Table 101 — Overall measurement accuracy limits

Measurement Accuracy
PULSE AMPLITUDE (6.1.2) +5%
EFFECTIVE PACING CAPACITANCE (6.1.2) +15%
PULSE DURATION (6.1.2) + 5 % or = 20 ps, whichever is greater
PULSE INTERVAL/TEST PULSE INTERVAL (6.1.2) +1ms
PULSE RATE/TEST PULSE RATE (6.1.2) +2%
SENSITIVITY (6.1.3) + 10 % or £ 20 pV, whichever is greater
INPUT IMPEDANCE (6.1.4) +25%
ESCAPE INTERVAL (6.1.5) +10 ms
REFRACTORY PERIOD (6.1.6, 6.1.7, and 6.1.9) +10 ms
AV INTERVAL (6.1.8 and 6.1.10) +5ms
NOTE Manufacturers have the option of testing to tighter accuracy limits.
If tHe IMPLANTABLE PULSE GENERATOR has multichannel functionality; each channel's characterist

detd
gen

6.1.

Pro

The
equ

The
90 9

The)
volt
th =
pac

The]
(seq

brators. For unipolar implantable pulse generators, the case is properly incorporated in the s
indifferent terminal.

P Measurement of pulse amplitude, pulse duration, pulse interval, pulse rate, and effec
cappcitance

cedure: Use an interval counter and an oscilloscope.

=|0,3 ms to calCulate effective pacing capacitance. For measurement of effective pacing capa

rmined separately. For simplicity, all the measurement procedures shown show bipolar impla

IMPLANTABLE PULSE GENERATOR shall"be connected to a 500 {2+ 1 % load resistor (R|), 3
pment as shown in Figure 101. The-oscilloscope shall be adjusted to display one pulse in full.

PULSE DURATION (D) shall (bé *‘measured between 10 % of the leading edge amplitude (10 9
o of the trailing edge amplitude (see Figure FF.101).

PULSE AMPLITUDE_(4)/shall be measured as peak pulse amplitude (4,,5,) between the basel
hge sample takenZat maximum amplitude (see Figure FF.102). Another voltage sample, Vg, is

b duration_isprogrammed to 0,3 ms.

EFFEGTIVE PACING CAPACITANCE (C) shall be calculated using the measured voltage samples 4
Eigure FF.102), according to the equation:

cs shall be
table pulse
t-up as the

five pacing

nd the test

Amax) and

ne and the
taken after
citance, the

and A

1max

C=- (12 - t1) / RL *1/ |n[AS/AmaX]

where In designates the natural logarithm.

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

The

PULSE RATE shall be calculated from the mean interval over at least 20 PULSES.

© 1SO 2012 — All rights reserved
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Oscill oscope@

Channel 1| Channel 2 Trigger

[ ] ® ® l '___l_

Pulse Interval

Generator Ry Counter

NS

Figure 101 — Measurement of pulse amplitude, pulse duration, pulse interval, pulse rate,

The proced

leading edge fall time, and effective pacing capacitance

ures shall be repeated with load resistors R of 240 Q+1 % and 2KQ + 1 % to determine

change in the values as functions of load resistance, except for the measurement of the EFFECTIVE PA

CAPACITANG

The results

— PULSET

— PULSE 4

— PULSEI

— PULSEHF

— EFFECT]

Whenever
PULSE RATE

E.

shall be expressed in the following units:
URATION: milliseconds (ms);

MPLITUDE: volts or milliamperes (V or mA);
NTERVAL: milliseconds (ms);

ATE: reciprocal minutes (min=1);

VE PACING CAPACITANCE: microFarad (uF).

he result is recorded, the\.operating settings of the implantable pulse generator (program
etc.) shall also be noted.

6.1.3 Medsurement of sensitivity (sensing threshold) (epOS and eneg)

Procedure:
impedance

The IMPLAN
equipment

Use an oscilloscope, nominal input impedance 1 MQ, and a test signal generator, ol
< 1 kQ, which provides a signal in the form defined by Figure FF.103.

TABLE(PULSE GENERATOR shall be connected to a 500 Q2 +1 % load resistor (R;) and the
hs_shown in Figure 102. Apply positive polarity test signals from the test signal generator throu

any
CING

med

tput

test
ph a

100 kQ £ 1

VA 4 ol oy R\ 4 H S WA H bble 1 HY [ 4 Fa ! 4 4} ik
/0 TCTU TTOISLUI \F\F} U PUNTU AL AUJUST TTTIT PUIST TTTICT VAl UT LT 1TToU Siylidl yTlicialul oU Uldat 1t

s at

least 50 ms less than the basic pulse interval of the implantable generator. The test signal amplitude (41) shall

be adjusted

to zero, and the oscilloscope shall be adjusted to display several PULSES.

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

The test sig

nal amplitude shall then be measured. The positive sensitivity, designated e shall be calculated

pos’

by dividing the measured test signal voltage by 200.
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OscilloscopeQ

Channel 1

Channel 2 Trigger
® [ ] l

-
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Pulse

Generator

Rp

—

Rr

Test
Signal

cedure:

NS

results shall be expressed in millivolts (mV).

.4 Measurement of input impedance (7))

Figure 102 — Sensitivity measurement

o "
OCTITT alUl

procedure shall be repeated with negative polarity test signals applied at point A and the negative
sitivity designated e,q shall be similarly calculated.

Use an oscilloscope, nominal input impedance 1 MQ, and a test signal generator, output

bdance < 1 kQ, which provides a signal in the form defined by Figure FF.103.

IMPLANTABLE PULSE GENERATOR shall be connected to 500 Q2 =1 % load resistors (R|) 4
pment as shown in Figure 103. Apply test signals of either polarity from the test signal gener:
bs feed resistors R4 (potentiometer) and R (fixed value) to point A. Potentiometer R shall bge chosen to
b a maximum resistance greater than, but of the same order of magnitude as, the expected input
bdance of the implantable pulse genérator (e.g. 10 kQ, 100 kQ, etc.). Rg shall be 100 kQ + 1 %. Adjust the
e interval of the test signal generator so that it is at least 50 ms less than the basic pulse inferval of the
antable pulse generator. The\test signal amplitude (41) shall be adjusted to zero, and the
| be adjusted to display séveral PULSES.

Oscilloscope@

hd the test
tor through

scilloscope

Channel 1| Channel 2 Trigger
® [
S E
A —
T\ . ¢ ——
R, Re
Pulse Test
Generator L oo R, Signal
U S Generator
B

Figure 103 — Input impedance measurement

The switch, S, shall be closed, bypassing variable resistor (potentiometer) R4, and the test signal amplitude
adjusted from zero up to that value at which the implantable pulse generator consistently either just inhibits or

triggers, whichever is appropriate.
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The test signal amplitude shall be measured and designated V.
Increase the test signal amplitude to twice the value of 7.

The switch, S, shall be opened and the variable resistor (potentiometer) R, shall be adjusted until the
implantable pulse generator again just consistently either inhibits or triggers, as before.

The value of the variable resistor (potentiometer) R, shall be measured and designated Z.

The INPUT IMPEDANCE, Z;,, of the implantable pulse generator shall be calculated according to the equation:

n’

RS */
Zin =
ks -7

Where Rsis|the channel 2 input impedance of the oscilloscope.
The result ghall be expressed in kilo-ohms (kQ2).

6.1.5 Megsurement of escape interval (7,)
Procedure:|Use an oscilloscope and a triggerable pulse test signal generator,

The IMPLAN[TABLE PULSE GENERATOR shall be connected to a 500 Q 1 % load resistor (R;) and the [test
equipment @is shown in Figure 104. Apply the test signal generator, through a 100 kQ + 1 % feed resistor [Rg)

to point A.
Oscilloscope()

Channel [ Channel Trigger
® ® [ ] l '___l_
A = Triggerinput
\ ° - 1
\ — |
Rr Test
Pulse Signal
Ry
Generator

the

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

The oscilloscope shall be adjusted so that a display similar to that shown in Figure 105 is obtained (the test
signals and the PULSES both appear as lines).
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Test signal
.- [ —
Channel 1
Channel 2
PULSES from : 3 /
— MPEANTABtE——; =
PULSE REFRACTORY
GENERATOR PERIOD

The
gen
0scl
gen

brator's refractory period.
lloscope display is then similar to that shown in

[ ——»

Figure 105 — Initial oscilloscope display, when measuring the escape interval

test signal delay, ¢, shall be reduced until the test signal no longer falls in the implan
If an inhibited type of implantable pulse generator is being

brator is being tested, then the display will be similar to that shown in.Figure 107.

table pulse
tested, the
Figure 106. If a triggered, (Synchronous) implanptable pulse

Test signal

/

Channel 1

Channel 2 F/

PU LSES from
IMPLANTABLE
PULSE
GENERATOR

Figure/ 106 — Measurement of

’Zﬁ’xﬁ

- [, —b-
REFRACTORY

PERIOD

escape interval (¢,) in inhibited mode

/

Test signal

Channel 1
Channel 2 |F 77775 Vs v
e s /7
PULSES from : _
IMPLANTABLE [ E— t, —
PULSE ‘ " REFRACTORY
GENERATOR PERIOD

Figure 107 — Measurement of escape

© 1SO 2012 - All rights reserved
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Measure the time between the test signal (or the output that is triggered by the test signal) and the next output
pulse. This is the ESCAPE INTERVAL (f,).

The result shall be expressed in milliseconds (ms).

6.1.6 Measurement of sensing refractory period (z,)

Procedure:

Use an oscilloscope and a triggerable double pulse test signal generator.

The IMPLANTABLE PULSE GENERATOR shall be connected to a 500 2+ 1 % load resistor (R;) and the test

equipment
shall be 10(

The test signal generator shall be adjusted until-tfie amplitude of the test signal is approximately twice
itive sensitivity ¢

value of pos

The test sig
test signal,
generator.

The test signal generator shall. be set so that the test signal is in the form of a double-pulse with a s

separation,

Figure 108 — Refractory period measurement

as determined-in\6.1.3.

pos

F
kQ+1 %.
Oscilloscope@
Channel 1 Channel 3 Trigger
[ ] ® [ ] .___l_
= Triggerinput
* 1
Rr Double Pulse
Test Signal
R
- Generator

nal generator shall be adjusted to provide a delay, #,, between being triggered and generating
Where ¢, is between 5 % and)10 % greater than the BASIC PULSE INTERVAL of the implantable p

Re

the

the
Lise

mall

s, between the Jeading edges of the two components of the test signal (see Figure 109).
5 Test signal 1
: > Test signal 2
4—- ] ——»
Channel 1
Channel 2 ‘ ‘ ‘
PULSESfrom :
IMPLANTABLE  'g—— I —
PULSE ' ' REFRACTORY
GENERATOR PEROD

Figure 109 — Initial oscilloscope displays when measuring sensing and pacing refractory period
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The delay (t4) of the test signal shall be reduced (keeping s constant) until the implantable pulse generator
senses the test signal 1.

Then, in the case of an inhibited implantable pulse generator, test signal 1 causes inhibition of one pulse from
the implantable pulse generator as shown in Figure 110. Then, keeping ¢, constant, ¢, shall be increased until
the test signal 2 in Figure 110 is delayed as shown in Figure 111. The second pulse in Figure 111 is displaced
from test signal 2 by the ESCAPE INTERVAL (7).

Int
gen
occ

-—— [, —p|

s

Test signal 1
Test signal 2

4—1‘2

Channel 1

Channel 2

PULSES from
IMPLANTABLE \ug¢— ¢ —

PULSE

GENERATOR

Channel 1

Channel 2

PULSES from
IMPLANTABLE
PULSE
GENERATOR

-, —

REFRACTORY
PERIOD

Figure 110 — Measurement of sensing refractory{period in inhibited mode — A

Test signal 1
-— Test signal 2
- e -—, —»
(
e - I —»

REFRACTORY

PERIOD

Figure111 — Measurement of sensing refractory period in inhibited mode — B

ne case.0f /A triggered implantable pulse generator, sensing test signal 1 triggers the implar
brator(see Figure 112). Then, keeping ¢4 constant, ¢, shall be increased until the third PULSE ir
irs‘simultaneously with test signal 2, as shown in Figure 113.

© 1SO 2012 - All rights reserved
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S Test signal 1
/Test signal 2
- — ‘/
——— [2
Channel 1
Channel 2
PULSES from
IMPLANTABLE -t — o <, — ot [ —
PULCSE L REFRACTORY
GENERATOR PERIOD

Figurg 112 — Measurement of sensing refractory period in triggered (synchronous)/mode — A

Test signal 1

// Test signal 2
Ve

- ] — ]

- | -—, —»
Channel 1

Channel 2 \\\ ~
PULSES from [y - - ) —
IMPLANTABLE
PULSE REFRACTORY
GENERATOR

PERIOD

Figurg 113 — Measurement of sensing-refractory period in triggered (synchronous) mode — B
The interval, 1, — 4, shall be measured. This interval corresponds to the sensing refractory period (z,)-

The result ghall be expressed in milliseconds (ms).

6.1.7 Medsurement of pacing refractory period (tpr) (applicable only to inhibited implantable pulse
generators)

Procedure:| Use theequipment and connections required by 6.1.4 and Figure 104.

value of pogitive sensitivity e, as determined according to 6.1.3.

The test si*nal generator shall be adjusted until the amplitude of the test signal is approximately twice| the

The test signal generator shall be adjusted to provide a delayed test pulse, the delay ¢ between triggering and
generating the test signal between 5 % and 10 % greater than the BASIC PULSE INTERVAL (tp) of the implantable
pulse generator.

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

The delay ¢ shall be slowly increased until the third pulse depicted in Figure 107 is displaced to the right (see
Figure 114). The third pulse will be displaced from the test signal by the ESCAPE INTERVAL (7).
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Test signal

Channel 2

PULSES from

IMPLANTABLE < Ip — > ~alp o a— [, —0

PULSE REFRACTORY
GENERATOR PERIOD

The

refractory period (zpr).

The

6.1.
Pro

The)
the

The]
puls

es appear as lines).

Channgl]
Atrial.output

Channel 2
Ventricular output

Figure 114 — Measurement of pacing refractory period in inhibited mode

result shall be expressed in milliseconds (ms).

cedure:  Use a dual-trace oscilloscope.

AV INTERVAL

interval between the second pulse and the test signal shall be measured. This,€orresponds t¢ the pacing

B Measurement of AV interval (applicable only to dual-chambeér implantable pulse gendrators)

dual-chamber implantable pulse generator shall be connected to 500 Q = 1 % load resistors|(R ) and to
bscilloscope. Set the implantable pulse generator for.ddal-chamber pacing.

oscilloscope shall be adjusted so that a display*similar to that depicted in Figure 115 is obtained (the

Atrial PULSE

Ventricular PULSE

- .y

Figure 115 — Oscilloscope display when measuring AV interval

The interval between the atrial pulse and the succeeding ventricular pulse shall be measured. This interval is
designated the AV interval (¢ay).

The result shall be expressed in milliseconds (ms).

© 1SO 2012 - All rights reserved
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6.1.9 Measurement of the post-ventricular atrial refractory period (PVARP) (applicable only to

implantable pulse generators with atrial sensing and ventricular pacing)

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

The IMPLANTABLE PULSE GENERATOR shall be connected to 500 Q +1 % load resistors (R ) and the test
equipment as shown in Figure 116. Set the implantable pulse generator to an atrial-tracking mode. Apply the
test signal through a series of feed resistors (Rg) to the atrial terminal of the implantable pulse generator. Rg
shall be 100 kQ + 1 %. The test signal generator shall be set to trigger on the output of the ventricular output

of the implantable pulse generator.

The test sig{;nal generator shall be adjusted until the amplitude of the test pulse is approximately twice|

positive sersitivity e, as determined in 6.1.3.

Oscilloscope@

The test signal generator shall be adjusted to_provide a delay ¢ between triggering and generating the
signal, whefe ¢ is slightly less than the expected post-ventricular atrial refractory period. The oscilloscope §

Channel 1| Channel 2 Trigger
+® o |.0 o
T 1IC~?
d e
o—| 1
Atrial '\, —
] * Test
Ry Pulse Signal
R Generator
Generator ®
Triggerinput

be adjusted so that a display similar to that'depicted in Figure 117 is obtained.

-/ >

Test signal 4; >

Figure 116 — Post-ventricular atrial-refractory period (PVARP) measurement

Channel 1 I
Channel 2
Z 7
/

Ventricular PULSES
from IMPLANTABLE
PULSE GENERATOR

-~

'PvARP

Figure 117 — Initial oscilloscope display when measuring PVARP
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The delay ¢ shall be slowly increased until the second pulse depicted in Figure 117 is displaced to the left (see
Figure 118).

)

»

-
Test
signals

Channel 1

Channel 2

NOT
if the

Mea

The)

6.1.
pul

Pro
pro

The
equ
pos
sha

Adjust the repetition rate of.the test signal generator so that it is at least 50 ms shorter than the
RVAL of the implantable’ pulse generator. The oscilloscope shall be adjusted so that a displg

INTE
that

cedure:

Ventricular PULSES PVARP

from IMPLANTABLE
PULSE GENERATOR

47—>

t,

47—>

tl

Figure 118 — Oscilloscope display when measuring PVARP

E The interval between the test signal and the following ventricular pulse, # ‘may be longer than the
MAXIMUM TRACKING RATE interval is longer than the sum of the AV INTERVAL and'the PVARP.

sure ¢, which then corresponds to the post-ventricular atrial refractory period (PVARP).

result shall be expressed in milliseconds (ms).

0 Measurement of the atrial-ventricular (AV) interval after sensing (applicable only to in
e generators with atrial sensing and ventricular.pacing)

Use an oscilloscope and a test signal‘generator, output impedance not greater than
ides a signal in the form defined by Figure £F.103.

IMPLANTABLE PULSE GENERATOR shall,be connected to 500 Q +1 % load resistors (R|) a

AV INTERVAL

hplantable

1 kQ, which

hd the test

pment as shown in Figure 119. Set the implantable pulse generator to an atrial-tracking nmpode. Apply

tive polarity test signals from thetest signal generator through a series of feed resistors (Rg) tg

I be 100 kQ £ 1 %.

depicted in Figure-120 is obtained. (The test signals and pulses appear as lines.)

OscilloscopeQ

point C. Rg

BASIC PULSE
y similar to

Channel 1 | Channel 2 Trigger
+9 @-|+e o )
T
—_— 1 —
= C—
Atrial \ L
. \ 4 RF
Pulse Ry Test Signal
Ry Generator
Generator it
B

Figure 119 — AV interval after sensing measurement
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The interval between the test signal and the succeeding ventricular pulse shall tbe measured.

correspond

The results

6.2 Meagurement of the lead pacing impedance (7))

The values
subclause s

The effects
required by,

1/10 concentration of the isotonic saline solution, maintained at a temperature of 37 °C + 2 °C.

The input in

The overal
measuremsg

Procedure:

For a UNIPQ

titanium imfnersed in the test-body. The diameter d of the lower plate shall be > 50 mm. The diameter of

upper plate
not reduce

The LEAD s
beaker. The
lead, the m

‘i/Test signal

Channel 1 ‘ ‘
Channel 2
Ventricular output / /

AVINTERAL
PULSES from : Lo
HAPLANTFABEE— ———
PULSE o
GENERATOR

Figure 120 — Oscilloscope display when measuring the AV interval after sensing

5 to the AV interval after sensing (¢5y)-

shall be expressed in milliseconds (ms).

of the lead pacing impedance (Zp) measured in accordance with the method described in
hall be within the range of values stated in the accompanying documentation (see 28.8).

a test body comprising a beaker filled with a saline solution of 0,9 g/l + 10 %, which represen

npedance of the oscilloscope used for testing shall be nominally 1 MQ.

measurement accuracy shall be_within +5 %. This requirement addresses the acuity of
nt system. The accuracy tolerance is not intended to reflect the performance of the lead under

Use the test body, an @scilloscope and a test signal generator, output impedance 50 Q.
LAR LEAD: The indifferent electrode of the pacing system shall be simulated by two metal plate

shall be 0,8d.-The separation between the plates shall be 1,2d. Holes cut into the upper plate s
ts surface area by more than 10 %.

hall be‘inserted into the test body so that the electrode tip is approximately in the centre of
test signal generator shall be connected through a 33 uF £ 5 % series film capacitor (Cf) tg
btal plates and the oscilloscope as shown in Figure 121.

[his

this

caused by the conductivity across the electrode ‘myocardial interface shall be simulated where

ts a

the
test.

s of
the
hall

the
the

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

18
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Oscilloscope

Test Signal
Generator Cr ﬁ Q

| e

For

from any fluid boundary. The test signal generator shall be connected through 'a 33 pF + 5 %)

cap

Set
0,5

The)
PAC

formpula:

Figure 121 — Determination of the lead pacing impedance of a unipolar’lead
a BIPOLAR LEAD:  The LEAD shall be inserted into the test body so that the ELECTRODES are at |

heitor (Cg) to the lead, the metal plates and the oscilloscope as shown in Figure 122.

Oscilloscope
ol '
Test Signal
Generator Cr Q
Vi Vs
+ - + =[]
b 4 [ ] T
b
Q s

Figure 122 — Determination of the lead pacing impedance of a bipolar lead

the signal generator to provide negative pulses, 65 + 5 per minute, amplitude 4 V + 0,1 V and
ms + 0,05 ms.

lead current shall’be determined by measuring the voltage drop across the 10 QQ + 2 % resistd
NG IMPEDANCE (Zp) shall be calculated, using the mean values of voltage and current, by &

Tp
[ V1= var

east 10 mm
series film

duration of

r. The LEAD
pplying the

7/ _ px 0

P Tp
[ vadi
0

NOTE See Figure 121 and Figure 122 for definitions of /'y and V5.

The

7

result shall be expressed in ohms (€2).

General arrangement of the packaging

This clause of the General Standard applies.

© 1SO 2012 - All rights reserved
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8 General markings for active implantable medical devices

This clause

9 Marki
This clause

9.4

of the General Standard applies.

ngs on the sales packaging

of the General Standard applies except as follows.

Additional n

NOTE I

and accompanying documentation to designate the bradyarrhythmia pacing mode of the IMPLANTABLE PULSE,GENERATOR.

9.4.1 Th
information

a) The md
— av
— as

b) In case
most ¢
for con

c) These

d) The im
each in

ote and subclauses

nstead of using a description in words, the mode codes defined in Annex DD may be used in the’ MARKINGS

e sales packaging containing an IMPLANTABLE PULSE GENERATOR shall bear the folloying

as applicable.

st comprehensive pacing mode
hilable, and

shipped, if different.

of a rate adaptive device, a statement that the implantable pulse generator is rate responsive
bmprehensive rate adaptive mode if this is not described by a) above, and the type of sensor U
rol.

hsing, pacing configuration (bipolar, unipolar or‘automatically adjusted) as shipped.

plantable pulse generator characteristics,-measured at 37 °C +2 °C and 500 Q +1 % load
put/output terminal as applicable:

@ BASIC RATE (in reciprocal minutes);

¢ PULSE AMPLITUDE (in volts ormilliamperes);
@ PULSE DURATION (in milliseconds);

@ SENSITIVITY (in millivolts);

¢ REFRACTORY,PERIOD (in milliseconds);

¢ AV INTERVAL, if applicable (in milliseconds).

the
sed

for

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

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

Compliance shall be confirmed by inspection.

20
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9.4.2  The SALES PACKAGING containing a LEAD shall bear the following information:

a) Type of lead (atrial/ventricular/coronary sinus, epicardial/endocardial, straight/preshaped, unipolar/bipolar,
etc.).

b) Anchoring mechanism (passive, screw-in, etc.)
¢) Physical dimensions, including:

1) the length (in centimetres);

2) for a transvenous lead, the INSERTION DIAMETER (in millimetres) and the size of the |appropriate
introducer (in French);

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

d) |Any additional information and relevant characteristics necessary to identifysthe LEAD (STERQID ELUTING,
LOW POLARIZATION, etc.).

Compliance shall be confirmed by inspection.
9.7
Reglacement:
Thel SALES PACKAGING containing an IMPLANTABLE PULSE GENERATOR, LEAD, ADAPTOR, or other sterile part shall
beal the USE-BEFORE DATE presented in the sequence: y€ar, month, and, if appropriate, day; and expressed as

nunjerals as specified in ISO 8601.

Compliance shall be confirmed by inspection.

10 |Construction of the sales packaging

Thig clause of the General Standard applies except as follows.
10.3
Adaitional note:
NOTE Removable’stickers, which provide supplementary information exceeding the information specified in Clause 9,

need not to be subjected to the test specified in 10.3.

11 |Markings on the sterile pack

This clause of the General Standard applies except as follows:

Additional subclauses:

11.10  The STERILE PACK containing an IMPLANTABLE PULSE GENERATOR shall bear the following information:
a) The most comprehensive pacing mode available and the pacing mode as shipped (see note in 9.4).

b) If a rate adaptive device, a statement that rate modulation is “ON” or “OFF”.

c) The sensing, pacing configuration (bipolar, unipolar, automatically adjusted) as shipped.
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d) The implantable pulse generator as-shipped characteristics, measured at 37 °C +2 °C and 500 Q + 1 %
load, for each input/output terminal as applicable:

1) the BASIC RATE (in reciprocal minutes);

2) the maximum tracking rate (in reciprocal minutes);

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

4) the PULSE DURATION (in milliseconds);

5) the SENSITIVITY (in millivolts);

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

e) Astate
f) Conne
standa

g) Anyad
h) Typeo
Compliance
1111 Th

a) Typeo
etc.).

b) Physical dimensions, including:

1) the length (in centimetres);

2) for
int

3) co
st

¢) Anchor

d) Any ad

polarizgition, ‘ete.).

ment that the IMPLANTABLE PULSE GENERATOR is coated or uncoated.

ctor geometry shall be provided by a reference by symbols or markings. défined in publis
ds or, if different, the bore depths and diameters in millimetres.

ditional information about special functions, which are active as shipped.
f sensor if rate response is present.

shall be confirmed by inspection.

e STERILE PACK containing a LEAD shall bear the following information:

f lead (atrial/ventricular/coronary sinus, epicardial/fendocardial, straight/preshaped, unipolar/bip

a transvenous lead, the .fisertion diameter (in millimetres) and the size of the approp
roducer (in French);

hnector geometry shall-be provided by a reference by symbols or markings defined in publis
ndards or, if different; the bore depths and diameters in millimetres.

ing mechanism-(passive, screw-in, etc.).

ditional.information and relevant characteristics necessary to identify the lead (steroid eluting,

hed

Dlar,

iate

hed

ow

Compliance

shall ha confirmad by inenaction
SHa-Be-6oHHH e Yy—HSP O

12 Construction of the non-reusable pack

This clause

22

of the General Standard applies.
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13 Markings on the active implantable medical device

This clause of the General Standard applies except as follows:

131
Delete and replace with additional subclauses:
13.1.1 Each implantable pulse generator shall be permanently marked with the name or trademark of the

manufacturer, the model designation of the device, the serial number, and the following particulars, as
app fcabte:

a) |If more than one input/output connector terminal is present, then each terminal shall“be ifentified as
follows:

1) two-chamber implantable pulse generators:
— the ventricular terminal shall be marked with the symbolic designation “V”,
— the atrial terminal shall be marked with the symbolic designatien “A”;
2) three- or four-chamber implantable pulse generators:
— the left ventricular terminal shall be marked with th€ symbolic designation “LV”,
— the left atrial terminal shall be marked with the*symbolic designation “LA”,
— the right ventricular terminal shall be marked with the symbolic designation “RV”,
— the right atrial terminal shall be marked with the symbolic designation “RA”;
3) asensor terminal shall be identified with the symbolic designation “S”, if present.
b) |The most comprehensive pacing mode available as shipped (see Annex DD).
If standardized connector types are'used, these shall be marked with the appropriate symbol.
Compliance shall be confirmedby inspection.
13.1.2 Each lead and, i’ practicable and appropriate, each adaptor shall be permanently and vigibly marked
with an identification.of the manufacturer, the model designation and the serial number or the bgtch number
as gppropriate.

NOTE The model designation may be incorporated into the batch or serial number.

Compliance shall be confirmed by inspection.

13.3

Replacement:

Implantable pulse generators shall incorporate a code by which the 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.

NOTE 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 14708-1:2000, 28.6).
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14 Protection from unintentional biological effects being caused by the active
implantable medical device

This clause

14.2

of the General Standard applies except as follows:

Replacement:

When the ACTIVE IMPLANTABLE MEDICAL DEVICE is used as intended by the manufacturer, parts of the device

intended to

be-incontactwith badv fluids-shall not cause-anvunaccentahle releasa-of narticulate matter
Y Y P L §

Test: Th
The implan
injection, in
numerical v
with a glass
the period.
and agitate]
reference b
operating o
1977, (Cou

Compliancsg
reference §
particles pe

15 Prote
of th

This clause

16 Prote
This clause
16.2

Replaceme
Except for i

No d.c. lea
and no mor

ction from harm to the patient caused by electricity

e ACTIVE IMPLANTABLE MEDICAL DEVICE shall be removed aseptically from the NON-REUSABLE P
table part shall be immersed in a bath of saline solution, approximately 9 g/l and.'suitable
a neutral glass container. The volume of the saline, in millilitres, shall be 5+ 0,6 times

lid and maintained at 37 °C + 2 °C for between 8 h and 18 h, the bath being. agitated throug
A reference sample of similar volume shall be prepared from the same batch.6f saline, mainta
d in a similar way to the specimen. A sample of liquid from the speCimen bath and from
ath shall be compared using apparatus suitable for measuring particlé size, such as appar
n the light blockage principal [see method 2.9.19 of the Europeati.Pharmacopoeia, 3™ edi
ncil of Europe)].

shall be confirmed if the excess average count of particles(from the specimen compared tg

ample does not exceed 100 particles per millilitre greaterthan 5,0 ym and does not exceeg
I millilitre greater than 25 pm.

tion from harm to the patient or user'caused by external physical feature
active implantable medical device

of the General Standard applies.

of the General Standard applies except as follows:

ht:

ts intended function, an IMPLANTABLE PULSE GENERATOR, when in use, shall be electrically neu
age€_current of more than 1 pA shall occur in any of the current pathways of the CASE TERMIN
e than 0,1 pA in the current pathways of any other TERMINAL.

\CK.
for
the

alue of the surface area of the implantable part expressed in cm2. The containershall be covered

hout
ned
the
htus
ion,

S

tral.
ALS

Test:

through a low-pass filter with a time constant of at least 10 s.

NOTE

Use a measuring device (MD) consisting of a d.c. voltmeter, with resolution better than 2 uV, fed

As an example, this low-pass filter (LP-filter) can be implemented by a four-element low-pass RC filter with the

elements built from 100 kQ resistors and 10 uF metalized polypropylene capacitors. Then the input resistance of the d.c.
voltmeter should be > 40 MQ.

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 ava

24

ilable settings.
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Each electrically conductive part of the implantable pulse generator in contact with body tissue when the
device is implanted shall be identified and connected to a common bus through 500 Q + 1 % load resistors R

(see Figure 125).

Mea
con

Con
to th

16.
Not
Add
16.4
The]

faul
acc

17
This
17.

No

RL

£ - 1

Atrial —

AN

 \ | —

Ventricular\ —

X LI

Pulse > —
® \ -
MD

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

sure the average direct voltage across each load resistor with the-measuring device.
Hitions shall be reached before the measurement is made.

pliance shall be confirmed if the absolute value of the potential-difference across the resistor H

B
applicable
itional subclause:

!

within the device (runaway protection). The pulse rate limit shall be declared by the manufa
bmpanying documents [see,28:8.2 e)].

Protection from-harm to the patient caused by heat

clause of the-Geheral Standard applies except as follows:

puter, surface of an implantable part of the active implantable medical device shall be greate

teady-state

 connected

€ PULSE GENERATOR CASE is less than 500 pV and less than 504V for any other conductive pathway.

design of the implantable pulse generator shall include a feature to limit the pulse rate in thg¢ event of a

cturer in the

r than 2 °C
to 4 °C are

abo

ve-the normal surrounding body temperature of 37 °C. Temperature increases from 2 °C up

allowed for not more than 30 min when implanted, and when the ACTIVE IMPLANTABLE MEDICAL DEVICE is in
normal operation.

For other implanted parts of the ACTIVE IMPLANTABLE MEDICAL DEVICE, the General Standard applies.

NOTE The single-fault condition for temperature rise is covered by the requirement in ISO 14708-1:2000

,19.3.

Compliance shall be confirmed by inspection of a design analysis provided by the manufacturer, supported by

the

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

© 1SO 2012 - All rights reserved
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18 Protection from ionizing radiation released or emitted from the active implantable
medical device

This clause

of the General Standard applies.

19 Protection from unintended effects caused by the device

This clause

of the General Standard applies except as follows.

19.2

Replaceme

ht and additional subclauses.

The IMPLAN[TABLE PULSE GENERATOR shall provide at least one power source indicator to warm.of‘the onsgt of

RECOMMENL
specified bg

NOTE1 1

NOTE2 |
responsibility

Compliance
the manufa

19.21 Th

ED REPLACEMENT TIME. The standardized PROLONGED SERVICE PERIOD, unden the condit
low, shall be at least the minimum follow-up period of six months [see 28.19 €)].

Table 102 — Standardized PSP conditions

Function Dual-chamber Single-chamber
settings settings
Pacing mode DDD VVI (SSI)
Pulse amplitude 2,5V 25V
Pulse duration 0;4'ms 0,4 ms
Basic rate 60 min~" 60 min~1
Percentage pacing 100 % 100 %
Pacing load 600 Q+1 % 600 QQ+1 %
Sensor(s) status OFF OFF
Data storage or other diagnostic’ functions, OFF OFF
if applicable to the pacing mode

he pulse generators will net.actively switch to standardized PSP conditions upon reaching RRT.

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

to demonstrate compliance using the rest of the parameters in Table 102.

shall be eonfirmed by inspection of a design analysis provided by the manufacturer, supporte
cturer's_¢aleulations and data from test studies as appropriate.

ons

rer's

1 by

with

The calculation shall be repeated with the implantable pulse generator set as closely as possible to twice the
pulse amplitude selected for the first calculation.

26

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=7387d6e7f04fab87866dde502a7db354

Con
19.]
utiliz
con
imp

Con

20
Rep

Tes

21

This
21.]
Rep

Tes

ISO 14708

Table 103 — Settings for determining the projected service life

-2:2012(E)

Function Setting
Pacing mode Most comprehensive
Pulse amplitude (all channels) 25V
Pulse duration 0,4 ms
Basic rate 60 min~"
Percentage pacing 100 %
Pacing load 600 Q+1%
Sensor(s) status ON
Data storage or other diagnostic functions, if ON
applicable to the pacing mode

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

P.2 The USABLE CAPACITY of the power source shall be calculated By~adding the capacity

Jitions specified in 19.2.1) to the capacity that can be utilized during PROLONGED SERVICE PER
antable pulse generator operating under the conditions specified by the manufacturer [see 28.

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

Protection of the device from damage caused by external defibrillators
lacement:

ing and compliance shall be in accordanee with ISO 14117.

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

clause of the GeneralStandard applies except as follows:
p
lacement;

ing and>compliance shall be in accordance with ISO 14117.

that can be

red until RECOMMENDED REPLACEMENT TIME (with the implantable pulse generator operating under the

oD with the
9e)l.

blds

22 Protection of the active implantable medical device from changes caused by

miscellaneous medical treatments

This clause of the General Standard applies.

23 Protection of the active implantable medical device from mechanical forces

This clause of the General Standard applies except as follows.

© 1SO 2012 - All rights reserved
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23.2

Replacement:

The IMPLANTABLE PULSE GENERATOR shall be constructed to withstand the mechanical forces that may occur
during normal conditions of use, including the time prior to implant.

Test:

The implantable pulse generator, mounted in accordance with the requirements and guidance given

in IEC 60068-2-47, shall withstand a random vibration test in accordance with IEC 60068-2-64, Test Fh, under
the following conditions:

a) frequency range: 5 Hz to 500 Hz;

b) accelefation spectral density: 0,7 (m/s2)2/Hz;

c) shape pf acceleration spectral density curve: flat horizontal, 5 Hz to 500 Hz;

d) duratiop of testing: 30 min in each of three mutually perpendicular axes.

Compliancq shall be confirmed if, after completing the test procedure, the values_ for the implantable pplse
generator ¢haracteristics listed in 28.8.2 d) conform to the values stated in ‘the manufacturer's original
specificatiof.

23.3

Replacement:

Implantablel LEADS shall withstand the tensile forces that might*oecur after implantation, without fracture oflany
conductors for joints or breaching of any functional electrical-insulation.

Procedure:| Use a preconditioning bath of approximately 9 g/l saline at 37 °C + 5 °C, a tensile load testgr, a
resistance meter, a test bath of approximately 9.g/l 'saline at 37 °C + 5 °C with a reference electrode glate
having a npble metal surface with a minimum:area of 500 mm2, and a leakage current tester, capable of
applying 10P V and supplying a current of at least 2 mA.

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

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

The LEAD shall be fitted in4he tensile tester, clamped at the metallic surface of the lead connector pin and at
the appropfiate point oh(the distal end of the lead. The distance between the clamping points shal| be
measured.

The LEAD slhall be/subjected to a tensile load, limited to a value causing 20 % elongation, otherwise incregsed
to at least § N;-The tensile load shall be sustained for at least 1 min, then relieved.

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

NOTE 1

This may 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 insulation integrity of each lead shall be verified by immersing the outer covering, other than 20 mm of
any exposed conductive surface, in the test bath. The test specimen(s) shall be placed in the test bath within
30 min of removal from the preconditioning bath and shall be immersed in the test bath for a minimum of 1 h
before proceeding. The test specimen shall be positioned in the test bath so that the lead body is not less than
50 mm nor more than 200 mm from the reference electrode plate.
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NOTE 2
bath during this procedure.

Care should be taken to ensure that the exposed conductive surfaces are electrically isolated from the saline

The insulation shall then be subjected to a 100 V £ 5V d.c. test potential between each conductor and the

reference electrode and between any two conductors that have an exposed conductive surface i

ntended for

contact with tissue. The test voltage shall attain the full value within 0,1 s to 5s. The test potential shall be

maintained at full value for at least 15 s before being lowered to zero.
Compliance shall be confirmed if:

a)

the LEAD exhibits no permanent elongation in excess of 5% (unless the lead is specified by the

manutacturer to accommodate a longer permanent elongation), nor any permanent functional

b) |the continuity measurements comply with the manufacturer's specifications;
the leakage current measured between each conductor and the reference electrode’and betws
conductors that have an exposed conductive surface intended for contact withtissue is <2 m
voltage application.

c)

23.5

Replacement:

antable LEADS shall withstand the flexural stresses that might eccur after implantation, withou
conductor.

Imp
any

Pro
Tes

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

The
sani
roo

test samples, whether in the form of complete“leads or lead body segments, shall be precon
e way as the fully assembled and shipped-product. The tests shall be performed in dry condi
temperature.

Test 1: Use special holding fixture (see'Figure 127). The inside bore of the fixture shall be no ¢
110|% of the diameter of the lead segment under test. At the lower end of the fixture, the inside s
be formed into a bell mouth having'a radius such that, when the test segment conforms to the co
fixtyre, the centre line of the test. segment forms a 6 mm + 0,1 mm centre line bending radius (see

Thelfixture shall be mounated in a machine that can oscillate the fixture 9 = 90°f‘5) from the vertical

the Jtest segment t0 flex in the bell mouth of the fixture. The lead test segment shall be moun
vert|cally under _gravity in the holding fixture, oriented in the worst-case test condition when the tg
alloyvs multiple.arientations.

A Idad sufficient to ensure that the centre line of the test segment conforms to the bending rad

Hamage;

ben any two
\ during the

t fracture of

segments.

ditioned the
ions and at

reater than
urface shall
ntour of the
Figure 127).

and forces

ed to hang
st segment

us shall be
Hies with no

atta hed to the lower end ofathln flexible line (cord) strung through the test segment. For Iead bo

bendlng radlus 7
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e

Holding

The fixture

for a minim

NOTE A

minimize vibfation.

The test sh
Compliance
manufactur,
functionally

Test 2: USs

connector headers<Fhe holding fixture shall be made of rigid material, with the corners that may com

contact with
minimum al

s\ Fixture

\Badius
N Bending
Radius

-~
T~ .-

Figure 127 — Conductor flex test fixture

shall be oscillated through an angle 6 = 90"_2 each side of vertical at a rate of approximately 2 Hz

im of 47 000 cycles.

djust the centre of rotation between ‘the test fixture and the centre line of the test lead segment so gs to

hll be repeated for each unigque uniform flexible part of the lead body.

the
Dr is

shall be confirméd~if the measured resistance of each conduction path is within
br's specifications’{adjusted for the length of the lead segment under test), and each conduct
intact as specified in the manufacturer's performance specification.

e a speciall holding fixture (see Figure 128) similar in form to the intended pulse gene

if other cont

be as specified

with the ma

30

owed in the applicable standard, or in accordance with the manufacturer's connector specific

in Figure 2 of ISO 5841-3:2000 (1S-1), or Figure 4 of ISO 11318:2002 (DF-1), or in accorda
nufacturer's specifications if another connector system is used.

nce
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L -

Holding
Fixture

The)
Figy
The
The

retajned by the set-screw mechanisms.

Alo
The)
tubi

The)
am

The)
Con

mar
fund

Test
Lead Segment

Load

Figure 128 — Connectorflex test fixture
holding fixture shall be mounted in a machine that can rotate the fixture 45° + 2° from the

holding fixture shall allow the lead connector @nd attached lead segment to hang vertically ur
lead connector shall be fitted into the holding fixture, oriented in the worst-case test co

ad shall be attached to the lead ségment 10 cm + 0,5 cm from the centre of rotation of the hol
load attachment mechanism shall ensure that there is no relative motion between the condu
ng at the point of attachment.SFhe load (including the attachment mechanism) shall be 100 g +

holding fixture shall then be oscillated 8= 45° + 2° each side of vertical at a rate of approxima
nimum of 82 000 cycles:

test shall be repeated for each joint in the lead body.
pliance ,shall be confirmed if the measured resistance of each conduction path is

ufacturer’s’specifications (adjusted for the length of the lead segment under test), and each
tionally-intact as specified in the manufacturer's performance specification.

h

ertical (see

re 128). The centre of rotation shall be in the plahe where the rounded corners of the holding fixture begin.

der gravity.
ndition and

ding fixture.
ctor and the

b g.

ely 2 Hz for

within the
onductor is

23.

J

Replacement:

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

NOTE

with

set-screws.

© 1SO 2012 — All rights reserved
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Test:  The implantable connector pair shall be mated in accordance with the manufacturer's instructions
and immersed in a saline bath, approximately 9 g/l at 37 °C £ 5 °C, for a minimum of 10 days.

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

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

Addition subclause:

ling
during the implant procedure do not damage the device.

Test: Thie IMPLANTABLE PULSE GENERATOR shall withstand the mechanical shock test in accordance pwith
IEC 60068-pR-27, Test Ea, under the following conditions.

a) Shock ghape: half sine or haversine.
b) Severity: peak acceleration: 5 000 m/s? (500 g).
c) Duratign of shock: 1 ms.

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

Compliancg shall be confirmed if, after completing the test procedure, the values for the implantable pLise

generator's| characteristics listed in 28.8.2 d) conform to the values stated in the manufacturer's original
specificatiof.

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

This clause|of the General Standard applies:

25 ProteEtion of the active.implantable medical device from damage caused by
atmogpheric pressure changes

Replacement:

Implantable parts of<anfactive implantable medical device shall be constructed to withstand the changes of
pressure wihich may-occur during transit or normal conditions of use.

Test procedure; * The test shall be conducted in saline solution with leads (50 Q-cm resistivity) at rpom

temperature—Tthepufsegeneratorwittbeexposed-tothe-fottowing:

— 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.

Compliance shall be 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
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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).

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

This clause of the General Standard applies.

27 [Protection of the active implantable medical device from electromagneti
non-ionizing radiation

Repglacement:

Tesling and compliance shall be in accordance with ISO 14117.

28 [Accompanying documentation

Thig clause of the General Standard applies except as follows.

28.1
Repglacement:

Thel accompanying documentation shall include the,name and address of the manufacturer, [the contact
details consisting of the postal address, telephone fiumber and internet (www) address.

Compliance shall be confirmed by inspection:
28.84
Adaitional subclauses:

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) generab~description, explanation of function, available pacing modes, and descriptipn of each
available pacing mode;

NOTE Instead of using a description in words, the mode codes defined in Annex DD may bg 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).
b) For LEADS:

1) type of lead (atrial/ventricular/coronary sinus, epicardial/endocardial, straight/preshaped,
unipolar/bipolar, etc.);

2) anchoring mechanism (passive, screw-in, etc.);

3) other characteristics (e.g. elution of steroid, etc.).
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c) For ADAPTORS:

1)

the configuration (unipolar, etc.).

Compliance shall be confirmed by inspection.

28.8.2 The device specifications and characteristics for an implantable pulse generator shall include the
following information, as appropriate.

a) The connector configuration (unipolar, bipolar, etc.), the geometry (bore depths and diameters in
millimetres) of the receiving connector and the type of locking mechanism. References to applicable
connedtor standards may be used in lieu of providing the dimensions of the receiving connector.
markings used to identify connector terminals (see 13.1.1) and any symbol(s) or markings defined, if
applicaple connector standards shall be explained.

b) The ph

1)
2)
3)
4)

th
th
th

a
tis

c) IfanEL
its surface area (in square centimetres).

d) The pr
toleran

1)

sical characteristics, including:

mass of the implantable pulse generator (in grams);

principal dimensions (in millimetres);

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

jeneral description of the materials, including coatings, which will come into contact with hu
Sue.

ECTRODE is an integral part of the IMPLANTABLE PULSE GENERATOR, then the electrode material

bgrammable parameters (see 6.1), nominal vajues and values as shipped (including ranges
ces), at 37 °C + 2 °C and 500 Q + 1% load (unless otherwise stated), including as applicable:

ramjges of BASIC RATE, TEST PULSE RATE,\and INTERFERENCE PULSE RATE and the equivalent p

int

ervals (and ESCAPE INTERVALS) (in re€iprocal minutes and milliseconds);

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

pu

se duration identified (see Figure FF.101 and Figure FF.102);

th

PULSE AMPLITUDE (in yelts-or milliamperes);

the PULSE DURATION (in.milliseconds);

th

INPUT IMPEDANCE (in kilo-ohms);

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

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

ANy
the

nan

and

and

Lise

and

the

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

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) Anyrecommendation regarding the use of LEAD(S) (see also ISO 14708-1:2000, 28.4).

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

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

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

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

1)
2)

3)

4)

5)

6)

7)

the length (in centimetres);
the geometric surface area of electrode(s) (in square millimetres);

the INSERTION DIAMETER of the transvenous lead (except for connector end)c(ifh millimetn
size of the appropriate introducer (in French);

the distance(s) between ELECTRODES (bipolar or multipolar ENDOCARDIAL LEADS) (in millimg

the maximum depth of penetration of the fixation mechanism.“into the tissue, if ap
millimetres);

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

the type of SENSOR, if applicable, with description and compatibility with THE IMPLANT
GENERATOR.

es) and the

tres);

plicable (in

d connector

ABLE PULSE

y08-1:2000,

rmation, as

ompatibility

d) |The LEAD PACING IMPEDANCE (in ohms) (see 6.2).
e) |Any recommendations regarding use with implantable pulse generators (see also 1ISO 14
28.4).
Compliance shall be confirmed by inspection.
28.8.4 The device specification/and characteristics for an ADAPTOR shall include the following infd
appfopriate.
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 d
with proprietary implantable pulse generator locking mechanisms).
c) |The physical dimensions (nominal values) including geometry, lengths and diameters (in millimetres),

including any designations or MARKINGS defined in the applicable connector standards.

Compliance shall be confirmed by inspection.

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

Compliance shall be confirmed by inspection.

© 1SO 2012 — All rights reserved
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28.19
Replacement:

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

a) The usable capacity of the power source (see 19.2.2).
b) Current consumption of the IMPLANTABLE PULSE GENERATOR, both when pacing into 500 Q + 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 ndminal PROJECTED SERVICE LIFE of the IMPLANTABLE PULSE GENERATOR, under specifiedconditjons
(see 19.2.1).

d) Information correlating the POWER SOURCE INDICATOR with the implantable pulse generatoer characterigtics
(measyred at a temperature of 37 °C £ 2 °C and 500 Q + 1%) and modes, including.as applicable:

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

2) the TEST PULSE RATE and TEST PULSE INTERVAL (in reciprocal minutes ahd in milliseconds);
3) theé PULSE DURATION(S) (in milliseconds);

4) thg PULSE AMPLITUDE(S) (in volts or milliamperes);

5) the SENSITIVITY (in millivolts);

6) anly pacing mode change.

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

e) The standardized PROLONGED SERVICE PERIOD (see 19.2), and the conditions under which the prolorjged
service| period is derived. Also include-mean PSP values at the manufacturer's default device settings

Compliancq shall be confirmed by inspection.
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(informative)

ISO 14708-2:2012(E)

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

FUNDAMENTAL

CLAUSES of ISO 14708-1

CLAUSES of ISO 14708-2

PRINCIPLES

AND ASPECTS-CPVERED

3 | General principles

3.1] The implants should be designed and
ufactured in such a way that, when used

r the conditions and for the purposes

ded, they will not compromise the clinical
condition or the safety of patients, or the safety
and health of users or, where applicable, other
persons, provided that any risks which may be
asspciated with their use constitute acceptable
risks when weighed against the benefits to the
patient and are compatible with a high level of
profection of health and safety.

3.2| The solutions adopted by the manufacturer
for fhe design and construction of the implants

eliminate or reduce risks as far as possible
rently safe design and construction);

inform users of the residualTisks due to any
comings of the protection,measures

3.3| The implants shouldyachieve the
performance intended by the manufacturer and
be glesigned, manufactured and packaged in
such a way that.they are suitable for one or more
of the functions.referred to in 3.1 [of

ISQ/TR 14283], as specified by the manufacturer.

8.1 Requires warnings to be
prominent.

(This principle is:fundamental to
all aspects of an-active
implantable Medical device
addressed\by this International
Standard. This approach is
particularly applicable to the
requirements in Clauses 14, 19
and 21.)

10.4 Requires accompanying
documentation to be physically
associated with the device.

* retained

* retained

* retained

6.1 Measurement of i
pulse generator char

plantable
teristics

6.2 Measurement of the electrical
parameters of the lea
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3.4 The characteristics and performances
referred to in 3.1, 3.2 and 3.3 [of ISO/TR 14283]
should not be adversely affected to such a
degree that the clinical conditions and safety of
the patients and, where applicable, of other
persons are compromised during the lifetime of
the implant as indicated by the manufacturer,
when the implant is subjected to the stresses

which can occur during normal conditions of use.

19.2 Requires power source
depletion indicator.

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

19.2 replacement
19.2.1 projected service life

19.2.2 usable capacity

* retained

* retained

3.5 The implants should be designed,
manufacturgd and packed in such a way that
their characieristics and performances during
their intendgd use will not be adversely affected
during transport and storage taking account of
the instructigns and information provided by the
manufacturgr.

23 tDefimesdroptestfor o=
implantable parts.

23.2 Defines vibration test for
patient-carried parts.

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

23.4 Requires strain relief (leads,
etc.).

23.5 Requires fatigue resistance
(leads, etc.).

23.6 Requires connections to be
reliable.

26.1 Requires protection from
heat from powered non-
implantable parts.

28.4 Requires dis¢losure of
maximum provén connector
retention strength.

28.23 Requires warning against
patient entry into hazardous
environments.

7)2 Requires sterile pack to be
protected by sales packaging.

10.1 Requires packaging to be
durable.

10.2 Requires packaging to be
protected against the effects of
humidity.

10.3 Requires markings on the
sales package to be indelible.

12.3 Requires markings on the
sterile pack to be indelible.

26.2 Requires device to be

23.2 test changed
23.3 specific test.given
* retained
23.5-specific test given
23.6 test changed

* retained

* retained

* retained

* retained

* retained

* retained

* retained
* retained

* retained

3.6 Any undesirable side-effect should
constitute an acceptable risk when weighed
against the performances intended.

et taod oaoiaot th ﬁ + of
protected-againstthe-effeetof
temperature changes.

19.3 Defines methodology to

ensure single-fault conditions are
not a hazard.

19.4 Requires investigation of
unintended effects caused by the
device.

* retained

* retained
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4  Specific principles regarding design and
construction

4.1 Chemical, physical and biological
properties

411 The implants should be designed and
manufactured in such a way as to guarantee the
characteristics and performances referred to in
Clause 3 on “General principles”. Particular

attgntion should be paid to:

4.1)1 (a) the choice of materials used,
parficularly as regards toxicity and, where
appropriate, flammability,

4111 (b) the compatibility between the materials

gases with which they enter into contact during
their normal use or during routine procedures; if
the implants are intended to administer medicinal
proglucts they should be designed and
manufactured in such a way as to be compatible
with the medicinal products concerned,according
to the provisions and restrictions_governing these
proglucts and that their performange is maintained
in accordance with the intended ‘use.

414 Where an implantincorporates, as an
integral part, a substance’which, if used
sepgprately, may beconsidered to be a medicinal
profluct as defined.in 2.7 [of ISO/TR 14283] and
whigh is liablelto)act upon the body with an action
angdllary tothat of the implant, the safety, quality
and usefulness of the substance should be
verified, taking account of the intended purpose
of

o-implant
P o

14.3 Requires investigation of
biocompatibility.

14.3 Requires investigation of
biocompatibility.

14.2 Defines test for particulate
contamination.

14.3 Requires investigation of
biocompatibility.

19.5 Demonstrates compatibility
with medicinal substances

14.4 Specifies requirements for
quality and safety of incorporated
medicinal substances.

* retained

* retained

* retained

* retained

* not applicable to pagemakers

* not applicable to pagemakers

4.1.5 The implants should be designed and
manufactured in such a way as to reduce to a
minimum the risks posed by substances leaking
from the implant.

4.1.6 Implants should be designed and
manufactured in such a way as to reduce, as
much as possible, the risks posed by the
unintentional ingress of substances into the
implant taking into account the implant and the
nature of the environment in which it is intended
to be used.

25 Requires implanted parts to
withstand pressure changes.

25 Requires implanted parts to
withstand pressure changes.

* retained

* retained
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4.1.7 Implants should be designed and 19.3 Requires a design analysis | * retained
manufactured in such a way as to minimize the and defines the methodology for
risks to the patient or user by the systems, the analysis.
including software.
4.2 Infection and microbial contamination
4.21 The implants and manufacturing 14.1 Requires device to be * retained
processes should be designed in such a way as | supplied sterile.
to eliminate or reduce as far as possible the risk
of infection o the patient, User and third parties.
The design $hould allow easy handling and,
where necegsary, minimize contamination of the
implant by the patient or vice versa during use.
422 Tissues of animal origin should (Not applicable to active * |dem!
originate from animals that have been subjected |[implantable medical devices)
to veterinary controls and surveillance adapted to
the intended use of the tissues.
Information pn the geographical origin of the
animals sholld be retained by the manufacturer.
Processing, [reservation, testing and handling of
tissues, cell$ and substances of animal origin
should be carried out so as to provide optimal
security. In particular, safety with regard to
viruses and pther transferable agents should be
addressed Hy implementation of validated
methods of g¢limination or viral inactivation in the
course of the manufacturing process.
4.2.3 Implants delivered in a sterile state 7.1 Requires;device to be * retained
should be dgsigned, manufactured and packed in | supplied in fion-reusable packs.
protective packaging which provides a microbial 7.2 Requires sterile pack tobe | * retained
barrier to enpure that they are sterile when placed tected b | kaqi
on the markgt and remain sterile, under the prose .y sales pa(? aging. . )
storage andl|transport conditions stipulated by the {1Q:1"Requires packaging to be retained
manufacturdr, until the protective packaging is durable.
damaged or{opened. 10.2 Requires packaging to be * retained
humidity-proof.
11.7 Requires contents of sterile
pack to be declared or visible. * retained
11.9 Requires sterile pack to be
marked with the instructions for * retained
opening it.
12.1 Applies ISO 11607 (all parts)
to the reusable pack. * retained
12.2 Shall be apparent if sterile
pack has been opened. * retained
141 RG\.‘U;IUD CIIUV;\;C tU bG
supplied sterile. * retained
424 Implants delivered in a sterile state 14.1 Confirmed if device sterilized | * retained
should have been manufactured and sterilized by [by a validated process.
an appropriate, validated method.
425 Implants intended to be sterilized 14.1 Requires device to be * retained
should be manufactured in appropriately supplied sterile.
controlled (e.g. environmental) conditions. 14.2 Defines test for particulate * retained

1 The same as previously given or mentioned.
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4.2.6 Packaging systems for non-sterile
implants should keep the product without
deterioration at the level of cleanliness stipulated
and, if the implants are to be sterilized prior to
use, minimize the risk of microbial contamination;
the packaging system should be suitable, taking
account of the method of sterilization indicated by
the manufacturer.

4.2
impjant should distinguish between identical or
simllar products sold in both sterile and non-
sterjile conditions.

4.3| Construction and environmental
properties

4.3 If the implant is intended for use in
conpbination with other devices or equipment, the
whagle combination, including the connection
sysfem should be safe and should not impair the
spegified performances of the devices. Any
resfrictions on use should be indicated on the
labgl or in the instructions for use.

4.3 Implants should be designed and
manufactured in such a way as to remove or
minjmize as far as possible:

4.3)2 (a) the risk of injury, in connection with
their physical features, including-the volume/
pressure ratio, dimensional.and where
appropriate ergonomic features,

4.312 (b) the risks,eonnected with reasonably
fordseeable environmental conditions, such as
magnetic fields; external electrical influences,
elegtrostatie-discharge, pressure, temperature or
varigtions\in-pressure and acceleration,

(Not applicable because
subclause requires that
implantable parts of an active
implantable medical device be
provided sterile.)

| (Not applicable because

* |dem

* ldem

subclause requires that
implantable parts of an active
implantable medical device be
provided sterile.)

9.9 Requires implantable
connectors to be identified on
sales pack.

11.8 Requires implantable
connectors to be identified on
sterile pack.

23.6 Requires connector retention
force to be specified.

28.4 Requires, disclosure of
maximum'proven connector
retentioh strength.

28.5Requires provision of
information on accessories that
might be required to facilitate the
intended use of the device.

15.1 Sets requirement for
surfaces of non-implantable parts.

15.2 Requires implantable parts
to have appropriate physical form.

23.1 Defines drop test for non-
implantable parts.

23.2 Defines vibration test for
patient carried parts.

24 Defines electrostatic
discharge test for non-implantable

*Iretained

* retained

* test changed

* retained

* retained

* retained

* retained

* retained

* test changed

* retained

parts.

25 Requires implanted parts to
be proof against pressure
changes.

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

27 Defines requirement for
electromagnetic immunity.

* retained

* retained

* 27.1 replacement

© 1SO 2012 — All rights reserved

41


https://standardsiso.com/api/?name=7387d6e7f04fab87866dde502a7db354

ISO 14708-2:2012(E)

FUNDAMENTAL
PRINCIPLES

CLAUSES of ISO 147081

CLAUSES of ISO 14708-2
AND ASPECTS COVERED

4.3.2 (c) the risks of reciprocal interference with
other devices (such as defibrillators or high-
frequency surgical equipment) normally used in
the investigations or for the treatment given,

20.1 Requires defibrillation
protection of external ECG leads.

20.2 Defines test to prove
defibrillation protection of
implanted device.

21 Requires protection against
diathermy, etc.

22 Requires protection against

* retained

* retained

* added test

* retained

4.3.2 (d) thg risks which may arise where
maintenancé and calibration are impossible,
including (if ppplicable):

- excessive |ncrease of leakage currents,

- ageing of the materials used,

- excess heat generated by the implant,

- decreased|accuracy of any measuring or control
mechanism,

diagnostic ultrasound.

28.12 Requirement for
warning notices.

28.13 Requires warning about
monitoring devices in case of
diathermy, etc.

28.14 Requires warning not to
expose device to therapeutic
levels of ultrasound.

28.15 Requires warning about
the effect of therapeutic
irradiation on implanted devices,

17 Requires investigation of
local heating caused byfaulty
implanted device.

19.1 Requires a design analysis.

19.2 Requires>a*power source
depletion indicator.

* retained

* retained

* retained

*vetained

* retained

* retained

* additional requirements

parameters, by means of a visual system, such
information must be understandable to the user
and, as appropriate, the patient.

non-implantable parts of the
active implantable medical
device.

43.3 Implants should be designed and 5 MApplies IEC 60601-1 to the | * retained
manufacturgd in such a way as to minimize the non=implantable parts of the

risks of fire ¢r explosion during normal conditions ‘}active implantable medical

and fault copditions. By risks during “normal device.

conditions apd fault conditions” are meant those

risks which have been determined by a risk

analysis. Pafticular attention should be paid to

implants whpse intended use includes exposure

to flammablg substances or to substances which

could cause|combustion.

4.4 Implants with a measuring function

4.41 Implants with™a measuring function 5 Applies IEC 60601-1 to the |* retained
should be de¢signed<and’manufactured in such a [ non-implantable parts of the

way as to prpvide sufficient accuracy and stability | active implantable medical

within appropriate.limits of accuracy and taking device.

account of the intended purpose of the implant.

The limits of accuracy should be indicated by the

manufacturer.

4411 The measurements, monitoring and 5 Applies IEC 60601-1 to the | * retained
display scale should be designed in line with non-implantable parts of the

ergonomic principles, taking account of the active implantable medical

intended purpose of the implant. device.

4.4.1.2 When an implant or its accessories 13.4 Requirement about visual * retained
bear instructions required for the operation of the |indicators.

implant or indicate operating or adjustment 5  Applies IEC 60601-1to the |* retained
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461 Implants intended to emit ionizing
radiation should be designed and manufactured
in such a way as to ensure that, where
practicable, the quantity, geometry and quality of
radiation emitted can be varied and controlled,
taking into account the intended use.

implantable medical devices)

FUNDAMENTAL CLAUSES of ISO 147081 CLAUSES of ISO 14708-2
PRINCIPLES AND ASPECTS COVERED
4.4.2 The measurements made by implants (5  Applies IEC 60601-1 to the | * retained
with a measuring function should be expressed in | non-implantable parts of the
units conforming to the provisions of the ISO 31 | active implantable medical
series. device.
4.5 Protection against radiation
451 General (See more particular
Implants should be designed and manufactured requirements below)
in such a way that exposure of patients, users
and other persons to radiation be reduced as far
as possible compatible with the intended
purpose, while not restricting the application of
appropriate specified levels for therapeutic and
diagnostic purposes.
4.5 Intended radiation (Not applicable to active
implantable medical devices)
4521 Where implants are designed to emit
hazardous levels of radiation necessary for a
spegific medical purpose, the benefit of which is
conkidered to outweigh the risks inherent in the
emigsion, the implants should be designed and
manufactured to ensure reproducibility and
tolefance of relevant variable parameters.
4.5R.2 Where implants are intended to emit
poténtially hazardous, visible and/or invisible
radiation, they should be fitted, where practicable,
with visual displays and/or audible warnings of
such emissions.
4518 Unintended radiation 9.1 Requires markings warning | * retained
Impllants should be designed and manufactuted of any radioactive substances.
in shich a way that exposure of patients, users 18.1 Requirement for sealed * retained
and other persons to the emission of unintended, |sources.
st;’z;/itc))l;scattered radiation is reduced-as far as 18.2 Requires justification of * retained
P ’ radiation dose on patient.
18.3 Requires radiation dose as | * retained
low as is possible.
28.2 Requires information to be * retained
provided about radioactive
substances.
454 Instrlictions (Not applicable to active * |dem
Theg operating instructions for implants emitting implantable medical devices)
radiation should give detailed information as to
the |atun:: Uf t:IC Ulll;ttcd |adiatiun, medaris Uf
protecting the patient and the user and on ways
of avoiding misuse and of eliminating the risks
inherent in use.
4.6 lonizing radiation (Not applicable to active * ldem

© 1SO 2012 — All rights reserved

43


https://standardsiso.com/api/?name=7387d6e7f04fab87866dde502a7db354

ISO 14708-2:2012(E)

FUNDAMENTAL
PRINCIPLES

CLAUSES of ISO 147081

CLAUSES of ISO 14708-2
AND ASPECTS COVERED

46.2 Implants emitting ionizing radiation
intended for diagnostic radiology should be
designed and manufactured in such a way as to
achieve appropriate image and/or output quality
for the intended medical purpose while
minimizing radiation exposure of the patient and

user.

4.6.3
intended for
designed a
enable relia
delivered d

4.7 Princi
equipped

471 In
ensure the rj
performancs
intended us
as determin
device/syste
adopted to €
their risk.

4.7.2 In
patients dep

the state of

Implants emitting ionizing radiation

be

manufactured in such a way as to
le monitoring and control of the
e.

les for implants connected to, or
ith, an energy source

plants incorporating electronic

programmable systems should be designed to

bpeatability, reliability and

of these systems according to the

. In the event of risks (of the system)
pd by a risk analysis for the particular
m, appropriate means should be
liminate or reduce as far as possible

plants where the safety of the
lends on an internal power supply

should be equipped with a means of determining

he power supply.

19.3 Requires a design analysis
and defines the methodology for
the analysis.

19.2 Requires a powerisqurce
depletion indicator.

* retained

*19.2 replacement
*19.2.1 projected service life

*19.2.2 usable capacity

risks during

manufactured in such a way as to avoid, as far as
possible, the risk of accidental electric shocks
during normal conditions and fault conditions,
provided the implants are installed correctly. By

“normal conditions and fault

conditions” are meant those risks which have
been determined by a risk analysis for the
particular device(s).

non-implantable parts of the
active implantable medical
device.

16.1 Sets safety limits for leakage
currents from non-implantable
parts.

4.7.3 Implants should bear — if practical and | 13.3 Requirement stated and * retained
appropriate + a code by which they and their expanded.
manufacturgr can be unequivocally identified . . . .

; . ; ... |28.6_ Requires an explanation of retained
(particularly W|th regard to thg type of.lmplant), it the(Gode to be provided with the
should be pgssible to read this code, if devi

. . evice.

necessary, Without the need for a surgical
operation.
4.7.4 Far implants where the safety of(the 5 Applies IEC 60601-1 to the |* retained
patients depends on an external power supply, non-implantable parts of the
the external|power supply should include an active implantable medical
alarm systemn to signal any power failufe. device.
475 External devices intended to monitor 5 Applies IEC 60601-1 to the | * retained
one or more| clinical parameters’from an implant [ non-implantable parts of the
should be equipped with appropriate alarm active implantable medical
systems to glert the usénto situations which could | device.
lead to death or severe deterioration of the
patient's staje of health.
4.7.6 Pllotection against electrical risks
4.7.6.1 Implants should be designed and 5 Applies IEC 60601-1 to the |* retained
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4.7.6.2 Active implants should be designed
and manufactured in such a way as to minimize
the risks connected with the use of energy
sources with particular reference, where
electricity is used, to insulation, leakage currents
and overheating of the devices.

16.2 Sets safety limits for leakage
currents from implantable parts.

16.3 Requires testing of electrical
insulation (leads, etc.).

17 Requires investigation of
local heating caused by implanted
device.

* requirement replaced

* not applicable

* 16.4 additional requirement

4.7§7.2

4.717.3

4782

4.7.8.3
medicinal products should incorporate suitable
means to prevent and/or indicate any
inadequacies in the flow rate that could pose a
danger.

non-implantable parts of the
active implantable medical
device.

26.1 Requires protection from * retained
heat from powered non-
implantable parts.
Protection against mechanical risks
.1 Implants should be designed and 5  Applies IEC 60601-1 to the |* retained
manufactured in such a way as to protect the non-implantable parts of the
patient and user against mechanical risks active implantable medical
conhected with, for example, resistance, stability |device.
and moving parts.
Implants should be designed and 5  Applies IEC 60601-1 to thel) | * retained
manufactured in such a way as to minimize the non-implantable parts of the
riskp arising from vibration generated by the active implantable medigal
impjants, taking account of technical progress device.
and of the means available for limiting vibration,
parficularly at source, unless the vibrations are
par{ of the specified performance.
Implants should be designed and 5  AppliesdEC 60601-1 to the | * retained
manufactured in such a way as to minimize the non-implantable parts of the
riskp arising from the noise emitted, taking active.implantable medical
accpunt of technical progress and of the means | device.
avajlable to reduce noise, particularly at source,
unlgss the noise emitted is part of the specified
performance.
4.7)7.4 Terminals and connectors to the 5  Applies IEC 60601-1 to the |* retained
elegtricity, gas or hydraulic and pneumatic €nergy | non-implantable parts of the
lies which the user has to handle'should be | active implantable medical
gned and constructed in such(a way as to device.
minjmize all possible risks.
Protection against the risks posed to
the|patient by energy supplies or substances
1 Implants should be designed and 19.3 Requires a design analysis | * retained
conptructed in such/a-Way that the proper and defines the methodology for
fungtioning of the programming and control the analysis.
sysfems, including software, do not jeopardize
the [safety.of\the patient and of the user, taking
accpuntiofithe intended use.
Implants designed to supply energy or {5  Applies IEC 60601-1 to the |* retained
administer medicinal substances should be non-implantable parts of the
designed and constructed in such a way that the |active implantable medical
flow rate can be set and maintained accurately device.
enough to minimize the risk to the patient.
Implants designed to administer 5  Applies IEC 60601-1 to the | * retained
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This informdtion comprises the details on the
label and th¢ data in the instructions for use.

As far as practicable and appropriate, the
information peeded to use the implant safely
should be s¢t out on the implant itself and/or on
the packagimg for each unit or, where
appropriate,|on the sales packaging. If individual
packaging of each unit is not practicable, the
information ghould be set out in the leaflet
supplied with one or more implants.

for use should be included in the
r every implant.

Instructions
packaging fi

48.2 Where appropriate, this information
should take the form of symbols. Any symbol or
identification] colour used should conform to
Internationa| Standards. Where no standards
exist, the symbols should be described in the
documentatjon supplied with the implant.

4.8.3 The label should bear the following
particulars:

4.8.3 (a) thg name or trade name and address of
the manufadturer;

4.8.3 (b) thg details strictly nécessary for the
user to idenfify the implant@nd’the contents of
the packaging;

FUNDAMENTAL CLAUSES of ISO 147081 CLAUSES of ISO 14708-2
PRINCIPLES AND ASPECTS COVERED
4.7.8.4 Implants designed to supply energy or |5  Applies IEC 60601-1 to the |* retained
administer medicinal substances should be non-implantable parts of the
designed and constructed so that suitable means | active implantable medical
are incorporated to minimize the risk of accidental | device.
release of dangerous levels of energy or the
medicinal substance.
4.8 Information supplied by the manufacturer
4.8.1 Each implant should be accompanied | 10.4 Requires accompanying * retained
by the inforrration needed 1o USE ftsafely and o [documentation to be physicatly
identify the manufacturer, taking account of the associated with the device.
training and[knowledge of the potential users. 12.3 Requirement that any * retained

markings be indelible.

4. Allows use of symbols,
abbreviations and:identification
colours.

5 nvokes the labelling
reguirements of IEC 60601-1 for
non-implantable parts.

9.2 Requires name and address
of manufacturer on the sales
pack.

11.1 Requires identification of
manufacturer on sterile pack.

9.3 Requires description of
device and model designation on
sales pack.

9.4 Requires marking with
characteristics sufficient to
identify device.

* retained and additional note

* retained

* retained

* retained

* retained

* additional requirements

9-8—Requiressates pack tobear
information about accessories
provided.

9.10 Requires supplementary
description if 9.3 and 9.4 are
inadequate to declare purpose.

11.6 Requires description of
device and mode designation on
the sterile pack.

11.7 Requires identification of
contents of sterile pack.

“Tetaimed

* retained

* retained

* retained
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4.813 () where appropriate, an indication of the
dat¢ by which the implant should be used;

4.813 (f) an indication that the implant is for
single use;

4.813 (g) where appropriate, any indication of
sperial purpose (e.g. “custom-made device” or
“ex¢lusively for clinical investigations”);

4.813 (h) any special storage and/or handling
conditions;

4.813 (i) any special operating instructions;

4.813 (j) any warnings or precautions to be
taken;

4.813 (k) for active implants, month and year of
manufacture;

FUNDAMENTAL CLAUSES of ISO 147081 CLAUSES of ISO 14708-2
PRINCIPLES AND ASPECTS COVERED
4.8.3 (c) where appropriate, an indication that 9.5 Requires statement that the |* retained
the contents of the packaging are sterile (e.g. package has been sterilized.
STERILE); 11.2 Requires declaration that the | * retained
package and its contents have
been sterilized.
11.3 Requires display of the * retained
“sterile” symbol
4.8.3 (d) where appropriate, the batch code or 9.3 Requires batch code or * retained
the’lserial number, preceded by an appropriate serial number on the sales pack.
identification (e.g. “LOT” or “SN” respectively); 11.6 Requires batch code or * retained

serial number on the sterile pack

9.7 Requires marking of a “use-
before date”.

11.5 Requires marking of a “use-
before date”.

28.18 Requires and defines
warning notice about reuse of the
device.

9.12 Requires marking-of. special
purpose.

11.10 Requires-marking of
special purpose.

9.11 Requires marking with
information on any exceptional
enyironmental or handling
constraints.

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

(In the general case, warnings
and precautions except for those
dealing with special handling
conditions [see 4.8.2 (h)] should
be described in the
accompanying documentation
instead of on the label.)

9.6 Requires marking and
defines format.

11.4 Requires marking and
defines format.

* additional requiremeints

* retained

* retained

* retained

* additional requirements

* retained

* retained

* retained

4.8.3 (I) if applicable, method of sterilization.

484 If the intended purpose of the implant is
not obvious to the user, the manufacturer should

clearly state it on the label and in the instructions

for use.

11.2 Requires method of
sterilization to be marked.

9.10 Requires supplementary
description if 9.3 and 9.4 are
inadequate to declare purpose.

* retained

* retained
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CLAUSES of ISO 147081

CLAUSES of ISO 14708-2
AND ASPECTS COVERED

4.8.5

4.8.6
use should

4.86 (a) th

4.8.6 (b) th
ISO/TR 142

Wherever reasonable and practicable,
the implants and detachable components should
be identified, where appropriate in terms of serial
numbers or batches, to allow all appropriate
actions to be taken following the discovery of any
potential risk posed by the implants and
detachable components.

8.2 Requires implanted parts to
be traceable.

13.1 Requires identification of
manufacturer, model, etc. on
device.

13.2 Requires that if different
power sources might have been
used, the actual source used

* retained

* replaced

* retained

W

exception of

here appropriate, the instructions for
ontain the following particulars:

b details referred to in 4.8.3, with the
(d), (e) and (k);

e performances referred to in 3.3 [of

B3] and any undesirable side-effects;

Shidll be 1Jaentitieqa.

28.1 Requires name and address
of manufacturer.

28.3 Requires description of the
device.

28.16 Requires statement that
implantable parts of a device
have been sterilized.

28.18 Requires and defines
warning notice about reuse of\the
device.

28.21 Requires marking\with
information on any exeeptional
handling constraints:

28.8 Requires-information to be
provided abeut the intended use
and characteristics, and about
possibleside effects.

* replaced
* retained

* retained

* retained

* retained

* additional requirements

appropriate,

of damage to the sterile packaging and, where

details of appropriate methods of

resterilization;

dealing with opened or damaged
sterile pack.

4.8.6 (c) if {he implant should be used with, or 284 Requires disclosure of * retained
connected t:t, other medical devices or maximum proven connector
equipment in order to operate as required for its - [Tfetention strength.
Charactenistie t identy the correct mplarfgor |25:5 Requires provision of | retaned
equipment tp be used inyorder to obtainpa safe information on accessories that
quipmen might be required to facilitate the
combination . :
intended use of the device.
28.9 Requires information to allow | * retained
selection of device, accessories
and related devices.
4.8.6 (d) allthe information needed to verify 28.10 Requires definitive * retained
whether theimplantds:properly used and can instructions for use to be
operate correctly, and'safely, plus, where provided.
appropriate,|information allowing the lifetime of
the energy qource to be established:;
4.8.6 (e) where appropriate, information to 28.11 Requires that information * retained
avoid specified risks in connection with be provided on avoiding hazards
implantation of the implant; during implantation.
4.8.6 (f) information regarding the risks of 28.12 Requires warning notices | * retained
reciprocal interference posed by the presence of [on hazards arising from
the implant during specific investigations or interaction.
treatment;
4.8.6 (g) the necessary instructions in the event |28.17 Requires precautions for * retained
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PRINCIPLES

CLAUSES of ISO 14708-1

CLAUSES of 1ISO 14708-2
AND ASPECTS COVERED

4.8.6 (h) where implants are supplied with the
intention that they be sterilized before use, the
instructions for cleaning and sterilization should
be such that, if correctly followed, the implant will
still comply with the principles in Clause 3 [of
ISO/TR 14283];

4.8.6 (i) details of any further treatment or
handling needed before the implant can be used
(sterilizati i ;

4.8 ()

in the case of implants emitting
radiation for medical purposes, details of the
re, type, intensity and distribution of this
radiation.

Thq instructions for use should also include
details allowing the medical staff to brief the
patient on any contra-indications and any
pregautions to be taken. These details should
covpr in particular:

4.8)6 (k) precautions to be taken in the event of
chapges in the performance of the implant;

4.816 (I) precautions to be taken as regards
exppsure to, in reasonably foreseeable
envjronmental conditions, e.g. to magnetic fields,
extgrnal electrical influences, electrostatic
disgharge, pressure or variations in pressure,
acckleration, thermal ignition sources, etc(;

4.816 (m) adequate information regarding the
medlicinal product or products which the implant
in question is designed to administer, including
any]limitations in the choice of substances to be
delivered;

4.8)6 (n) precautions to.be taken against any
sperial, unusual risks related to the disposal of
the [implant;

4.8
the
4.1

6 (0) medicinal products incorporated into
implantas.an integral part in accordance with
4 [of ISO/TR 14283];

2817

provided non-sterile.

(Not applicable because

provided sterile.)

(Not applicable to active
implantable medical devices.)

28.19 Requires information
allowing the lifetime of the energy
source to be estimated-

28.20 Requires_information on
precautions to b€ taken to
prevent adverse effects from
changes in‘device performance.

28.22’Requires warnings on
precautions to avoid adverse
environments.

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

28.24 Requires information on
proper disposal of the device.

28.8 Requires information to be
provided about the intended use
and characteristics, and about
possible side effects.

Requires instructions * retained
for sterilizing accessories that are
* |dem
subclause requires that active
|implantable medical devices be
* ldem

* detailed requiremen{ provided

* retained

* retained

* retained

* retained

* additional requirements

4.8.6(p)—degree of accuracy craimed-for
implants with a measuring function.

5—Applies 6.8 of tEC 606011
to the non-implantable parts of
the active implantable medical
device.

Tetaimed
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CLAUSES of ISO 14708-2
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4.9 Clinical evaluation

Where conformity with the fundamental principles
for implants should be based on clinical data, as
in 3.6 [of ISO/TR 14283], such data should be
established by either:

4.9 (b) the results of all the clinical
investigatior|s carried out in a way that protects
the human dubjects and ensures the scientific
conduct of the investigation.

unintended effects caused by the
device.

4.9 (a) a compilation of the relevant scientific | 19.4 Requires investigation of * retained
literature currently available on the purpose unintended effects caused by the
intended by the manufacturer, or device.

19.4 Requires investigation of * retained
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Annex BB
(informative)

ISO 14708-2:2012(E)

Relationship between the clauses of ISO 14708-1
and the fundamental principles in Annex A

Clause/Subclause| Relevant fundamental Claus.eLS.ub.Qlaus.e__RalmLan.Ltu.n.dimental
principle principl

48.2 11.6 4.8.3 (b) and4.8.3 [d)
441,441.1,441.2,44.2, 11.7 4.8.3 (b)and 4.2.3
4.7.4,475,47.71,4.7.7.2,
4.7.73,47.74,4.7.8.2,
4.7.8.3,4.7.8.4,4.8.3 and
4.8.6.(p)

7.1 423 11.8 4.3.1

7.2 3.5and 4.2.3 11.9 423

8.1 3.1 11.10 4.8.3 (9)

8.2 4.8.5 124 4.2.3

9.1 45.3 12.2 4.2.3

9.2 4.8.3 (a) 12.3 3.5

9.3 4.8.3 (b) and 4.8.3 (d) 13.1 4.8.5

9.4 4.8.3 (b) 13.2 4.8.5

9.5 4.8.3 (c) 13.3 4.7.3

9.6 4.8.3 (k) 13.4 4412

9.7 4.8.3 (e) 14.1 421,423,4249nd 4.2.5

9.8 4.8.3 (b) 14.2 41.2and 4.2.5

9.9 4.3.1 14.3 411 (a),4.1.1 (b) and 4.1.2

9.1p 4:83(b)and 4.8.4 14.4 414

9.111 478.3 (h) 15.1 4.3.2 (a)

9.1p 4.8.3 (9) 15.2 4.3.2 (a)

101 3.5and 4.2.3 16.1 4.7.6.1

10.p 3.5and 4.2.3 16.2 4.7.6.2

10.8 3-5 16-3 4762

10.4 3.3 and 4.8.1 17 4.7.6.2 and 4.3.2 (d)

111 4.8.3 (a) 18.1 45.3

11.2 4.8.3 (c)and 4.8.3 (1) 18.2 45.3

11.3 4.8.3 (c) 18.3 453

11.4 4.8.3 (k) 19.1 4.3.2 (d)

11.5 4.8.3 (e) 19.2 3.4,4.3.2(d)and 4.7.2
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Annex CC
(informative)

Rationale

CC.1 General

the
It of

This part o[ [SO 14708 supplemenis or modifies 1SO 14708-T, referred to In this part of 15O 14708 as|
General Standard. The General Standard should not be applied alone to the devices covered by this, pa

ISO 14708.| The requirements of this part of ISO 14708 take priority over those of the General Standard.

For some h
(e.g. d.c. le
assessed 4
determined

azards, this part of ISO 14708 prescribes specific requirements along with compliance meas
akage current levels). For other risks, this part of ISO 14708 requires potential hazards tq
nd identified, using a similar procedure to that described in 1SO 14971. {Compliance is
by a review of the documentation provided by the manufacturer.

ires
be
hen

During the fevelopment of this part of ISO 14708, it was recognized that there are/cases, particularly w
accelerated fatigue testing is involved, where a variety of test methods produce equivalent results. In th
cases, the {est method presented in this part of ISO 14708 is viewed as “adeference test”. The manufact
may use ar alternative test method provided it can be demonstrated that the alternative is equivalent to
method dedcribed in this part of ISO 14708. In case of dispute, the method specified in this part of ISO 14
is to be usef.

nere
ose
urer

the
708

s of
urer

In some ca
a particular
should then

bes, no laboratory test of limited duration can providé adequate assurance of the characteristiq

design or assurance of its performance after several years' implantation. The device manufact
be required to prepare documented studies forexpert review.

CC.2 Notes on specific subclauses

aid
of

The followir
to understd

g, more detailed, notes on some of the provisions of this part of ISO 14708 are provided as ar]
nding. This annex is directed toward those who are familiar with the construction and us

(4

pacemaker
carry the ny
not consecy

(6] T
temperatur
pulse gene

6.1.2] T

1

5 but have not themselves participated in drafting this part of ISO 14708. The notes in this ar
mbers of the relevant clauses'in this part of ISO 14708; therefore, the numbering in this anng
tive.

e procedures are\specified for devices only at 37 °C £ 2 °C. As established designs are
-sensitive within.such a temperature range, this is believed sufficient to validate an implant
tor at thermal equilibrium after implantation.

e upperalue of the load resistor was increased to 2 kQ2 since several newer lead models

nex
X is

not
bble

ave

pacing impgdances.greater than 1 000 Q.

The proposed_test method has the following advantages: a) it simplifies labelling of parameter values |and
tolerances for programmers' screens and technical manuals; b) it is independent of pacing load and
programmed settings (except when the parameter value depends on the programmed setting by design,
e.g. effective pacing capacitance may vary with the programmed amplitude setting); c) it is more intuitively
meaningful to the user: labelling effective pacing capacitance gives the user information on how much the
pacing pulse amplitude will droop.

[6.1.4] This procedure changes the existing procedure of ISO 5841-1:1989, B.4.2, which has been found to
give very inaccurate and poorly reproducible results if the value of resistor R, is not in the same order of
magnitude as the input impedance, because it then requires division by small numbers. Additionally, noise in
the detector input circuitry and external noise makes measurements poorly reproducible.
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[6.2] The physiologic solution (normal or isotonic saline solution) is 9 g/l = 0,9 g/dl. The measurement of
the lead pacing impedance is done in a 1/10 dilution of the physiologic solution, i.e. 0,9 g/l, which
approximates the electrode myocardial interface.

The measurement x is the shortest distance between the distal extremities of the electrodes under test,
measured along the surface of the lead (see Figure CC.101).

X

3

I S

Figure CC.101 — Measurement of x

[9] The information required differs from that required by EN 50061 because-of the developments in
pac|ng technology since that document was prepared.

Key| information required on the sales packaging is intended to uniquely-identify the enclosed |device and
preyent unnecessary inspection of the device compromising the protection provided by the packdging before
the fime for implantation.

this|data is limited by the restricted space available on the surface of the packaging and the need to display
other data and warnings in a prominent manner, so that persons handling the sales package ¢o not miss
seelng them. Legal requirements specifying the languagé€’used to provide information further lim|t the space
on gny package intended for rapid international distribution.

Additional information is provided for the convenience of the h@ndler/implanting physician, but t:Eje scope of

Other necessary information is provided in the accompanying documentation, included in every sales package.

[11] Similar considerations apply here as for [9] above, except that the space for informdtion on the
ster]le pack is even more limited than the Space on the sales package.

[13.1.2] Leads and adaptors are usually very small devices with little space for identifying marksl Therefore,
the [required information may bé:abbreviated using techniques such as a recognized logo to |identify the
manufacturer and incorporation.of the model designation into the serial number.

[13.B] For pacemakers;-the power source is located in the implantable pulse generator. This ig the part of
the pystem that is to be\identifiable using non-invasive procedures. At the present time, the procedure for non-
invgsively identifying\the implantable pulse generator utilizes X-ray equipment, as this equipment|is generally
avallable to physicians. Device-specific equipment, such as a programmer, is not considered to bg acceptable.
However, once\ithe unit is identified, a programmer can be used to obtain the serial humbegr, or other
identifying infermation, from which the date of manufacture can be determined, possibly by coptacting the
marnufacturer.

[14.R1—_As well as the specific requirement that an implant be sterile the implant should not introduce
unnecessary loose particulate matter (“sterile dirt”). The method of compliance assessment is specified so that
meaningful quantitative limits can be set for assessing the results of the test. The manufacturer may choose a
recognized measurement technique based on the apparatus that is readily available.

The number of particles is related to the surface of the device and not its volume. For example, an empty bag
(large surface but negligible volume) may present an excessive particle count when soaked in a bath based
on the volume of the empty bag. The same bag, when filled, may pass the test even though the total particle
count is the same. The same holds true for devices covered by this part of ISO 14708, especially leads that
typically have a large surface area but have a small volume. For implantable pulse generators, this approach
would specify a bath that is of the same order of magnitude as the volume approach in the General Standard.
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The test limits are based on a standard test for particulate contamination in large-volume parenteral injections
given in the European Pharmacopoeia.

[16.2] Sustained (long term) direct currents from implanted ELECTRODES may cause tissue damage or
ELECTRODE corrosion. The direct current measurement should include the contribution, if any, resulting from
sustained therapeutic functions such as bradycardia pacing.

The d.c. leakage current test uses load resistors that simulate the impedance seen by the pulse generator
once implanted. The acceptance limits for the pacing/sensing TERMINALS are 0,1 gA maximum and remain
unchanged from the first edition of this part of ISO 14708. For the CASE, the acceptance limits are higher by a
factor of 10, i.e. 1,0 yA, due to the much larger surface area of the CASE connection.

[16.3] T!Iue dielectric strength test for lead insulation is replaced by the compliance test in 23.3 that\chgcks

the integrityj

[17.1]

h
temperatuvr\i

should be
plotting the
detriment t

isoeffect plgts are consistent. Specifically, below 42 °C, for each 1 °C decrement.in temperature, the ti

reach an e
many inves

Most ICDs g
study of sud
for human
40 °C and
1 month po
unaware of
when the e

The results
adjacent to
using the i
41 °C shou

It is emphas

not in air. Also, careful attention_should be paid to the uncertainty in temperature measurements as this

affect the a

of the insulation following a conditioning soak in saline and application of tensile force tothe Igad.
en considering the effect of temperature rise on tissue, the duration of the exposure to elevated
should be taken into account. It has been well established in burn literature that tissue danfage
bvaluated as a function of exposure timel8lII9I10IM1] Tissue SENSITIVITY is Usually assessed by
time to an "isoeffect" versus temperature. An "isoeffect" is any identifiable_and repeatable level of
p the tissue. Although absolute SENSITIVITY can vary widely among tissue types, the slopes of
to
fuivalent level of detriment is 4 to 6 times longer. This relationship has been demonstrated by
igators, using both human and rodent tissuel12l.

re implanted in adipose and skeletal muscle tissue. Martinez et al. conducted a thermosensifivity
h tissues in normal porcine tissuel'3l. (Henriques establishéd porcine tissue as an accepted mpdel
issue.) A total of 102 sites on 15 pigs were exposed-to steady, elevated temperatures between
b0 °C for 30 min. Acute and chronic damage levels'were assessed from biopsies taken 24 hfand
st-treatment, respectively. Damage levels were_graded by two independent observers who Were
the corresponding treatment. They found that'there was no identifiable acute or chronic damage
posure temperature was 42 °C or less.

of this study may be used to determinga safe time-temperature relationship for MEDICAL DEV|CES
adipose and/or skeletal muscle tissue: Such a relationship, shown in Figure CC.102, was obta|ned
oeffect rule outlined above. For. example, since 42 °C was determined as safe for 30 min, then
d be safe for at least 4 times donger, or 2 h, and 40 °C should be safe for 8 h, etc.

and
may

ized that the specified device surface temperatures are as measured in vivo during operation,

bpropriate exposure. time.
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