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Foreword

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

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

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fhe technical committees are circulated to the member bodies for voting. \Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 27186 was prepared by Technical Committee ISO/TC 150, Implants “‘for surgery, Subcommittee 5C 6,
Active implants.
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Introduction

The purpose of this International Standard is to specify a four-pole connector assembly to provide
interchangeability between implantable leads and pulse generators for cardiac rhythm management from
different manufacturers. The safety, reliability, biocompatibility, biostability and function of any particular part
are the responsibility of the manufacturer.

The four-pole connector was created to allow for a reduction in the number of individual leaq connectors,
reduge pocket bulk associated with existing bifurcated or trifurcated leads, reduce interaction of the lead
bodigs in the pocket and reduce set screw connections.

This [International Standard establishes two types of connector assembly: a “high Moltage conrjector” and a
“low poltage only connector’, each of which has several configurations. The high\voltage conrlectors either
have[two low voltage contacts combined with one or two high voltage contacts, or they have only two high
voltage contacts. The low voltage only connectors have either three or four I6wW voltage contacts.

The high voltage and low voltage only connectors and their voltage configurations are not infended to be
interghangeable. This International Standard specifies a dimensional lockout feature that prevents the low
voltage contacts of the lead connectors from contacting the high“veltage contacts of high voltagie connector
cavities.

© 1SO 2010 — All rights reserved Vv
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INTERNATIONAL STANDARD

ISO 27186:2010(E)

Active implantable medical devices — Four-pole connector
system for implantable cardiac rhythm management devices —
Dimensional and test requirements
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

axial pin movement

axial movement of a lead connector pin with reference to the lead connector body as present in some designs,
particularly those with a rotating connector pin

3.2
bipolar
having two pptesoretectrodes

NOTE See also tripolar (3.31), integrated bipolar (3.15), and four-pole (3.8).

3.3
connector system
assembly copsisting of a lead connector and a connector cavity that are electrically and mechanically joined

34
connector cpvity
cavity within the pulse generator which is intended to receive a lead connector

3.5
contact meghanism
conductive hardware within the connector cavity provided for making~electrical connection to correspopding
contacts on & lead connector

3.6
distal
farthest from|a point of reference

NOTE THe point of reference for a lead is the lead\connector pin. Therefore, the most distal electrode of a lead|is the
electrode that s farthest from the lead connector pini.See also proximal (3.26).

3.7
fixation zong
zone located on the lead conneetor~pin and within the connector cavity where the lead connecjor is
mechanically secured within the eonnector cavity

3.8
four-pole
having four goles or electrodes

NOTE Generallya four-pole ICD lead has two low voltage electrodes and two high voltage electrodes. A four-pole
low voltage onllydead has four low voltage electrodes. See also bipolar (3.2) and tripolar (3.31).

3.9
functional contact zone
zone in the connector cavity which defines a site where electrical contact with a lead connector is to occur

3.10
functional seal zone
zone within the connector cavity which defines a site where sealing contact with a lead connector is to occur

3.1

grip zone

area of the lead connector which is provided for grasping during insertion and withdrawal of the lead
connector from the connector cavity

2 © 1SO 2010 — All rights reserved
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3.12
high voltage
electrical potentials greater than 20 V up to 1 000 V

NOTE High voltages are generally used for defibrillating the heart.

3.13
high voltage connector
lead connector or connector cavity that has high voltage contacts

NOTE A high voltage connector may also contain low voltage contacts. See also low voltage only connector (3.22).

3.14

inseftion indicator zone
zone|on the pin of the lead connector allocated for manufacturers to provide a visualindicatpr for use in
verififing full insertion of a lead connector into a connector cavity

3.15
integrated bipolar
having two lead poles or lead electrodes that are electrically common

NOTE A typical integrated bipolar ICD lead has a distal shock electrode that'doubles as a proximal pfce/sense ring
electrpde and is electrically attached to two separate lead connector contactst

3.16
lead connector
part ¢f a lead that is intended for insertion into the connector cavity of a pulse generator

3.17
lead connector contacts
conductive elements on the lead connector which-include the lead connector pin and lead connedtor rings

3.18
lead connector pin
most| proximal conductive element of a.lead connector provided for making electrical contact g4s well as for
securing the lead connector within the connector cavity

3.19
lead connector ring
annular conductive elemeénts on the lead connector intended for making electrical contact within the connector
cavity

NOTE The fourpole connector has three lead connector rings and a lead connector pin.

3.20
lead plectrode
distal part of a lead through which electrical impulses are transmitted to or from cardiac tissue

NOTE High voltage electrodes are capable of delivering high voltage electrical impulses. Low voltage electrodes are
used for transmitting and sensing low voltage impulses and are generally not suitable for delivering high voltage.

3.21
low voltage
electrical potential less than or equal to 20 volts

NOTE Low voltage is generally used for pacing and sensing the heart. See also high voltage (3.12).

© 1SO 2010 — All rights reserved 3
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3.22
low voltage only connector
lead connector or connector cavity that has only low voltage contacts

NOTE See also high voltage connector (3.13).

3.23

pin visibility zone

zone within the connector cavity which is allocated for visual verification that the lead connector is fully
inserted

NOTE It "nrrncpnnrlc to-the-insertionindicatorzone-of-thelead-connector-

3.24
pristine confact zone
zone on the |ead connector which defines the minimum surface required for making electrical-contact with the
mating contalct in the connector cavity

NOTE THe pristine contact zones of the lead connector align with the functional contact zones of the connector |cavity
when the conrjectors are mated.

3.25
pristine seal| zone
zone on the [ead connector which defines the minimum surface required for sealing with the mating sepls in
the connectof cavity

NOTE THe pristine seal zones of the lead connector align with the functional seal zones of the connector cavity|when
the connectorg are mated.

3.26
proximal
nearest to a point of reference

NOTE THe point of reference for a lead is the lgad.connector pin. Therefore, the most proximal electrode of a lpad is
the electrode ¢losest to the lead connector pin. See also distal (3.6).

3.27
pulse generptor
device that dglivers electrical energy to affect cardiac rhythms

3.28

sealing mechanism
circumferential barriers within the connector cavity intended to maintain electrical isolation between electfically
insulated pants of an assembled and implanted connector system

3.29
securing mgchanism
mechanism within the connector cavity intended for mechanically securing the Tead connecior

NOTE A securing mechanism can be an active mechanism such as a set screw or it can be a passive mechanism
such as a self-engaging latch. It can also serve a second function of providing electrical contact with the lead connector,
as is the case with a set screw.

3.30

strain relief zone

zone on the lead connector provided for making a gradual transition from a more rigid section to a more
flexible section

NOTE The gradual transition results in an area over which strain is distributed so that concentrated mechanical
forces do not occur when the lead is flexed.

4 © 1SO 2010 — All rights reserved
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tripolar
having three poles or electrodes

NOTE See also bipolar (3.2) and four-pole (3.8).

4 Requirements

4.1

General

addr
into 4§

as well as the biocompatibility and biostability of their material choices.

The fest methods provided for the requirements are type (qualification) tests. Equivalent test met

used
The

manu
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Lead
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4.21

4.21

Lead
requi

4.21

Total
seatq
shall

4.21

Not ill connector features or pulse generator features are specified nor do the requirements

ss all aspects of functional compatibility, safety or reliability of leads and pulse generator
system. Each manufacturer is responsible for any requirements and tests necessaty-to a

However, in the event of a dispute, the test methods described in 4.2 to 4.5 shall be used.
following tests should be conducted under ambient conditions¢ unless otherwise spe
" selection of appropriate sample sizes.

5 and pulse generators marked according to Table 1 and Table 2 shall comply with all reg
hternational Standard.

Lead connector physical requirements
Dimensions

1 General

rements outlined in 4.2.1.2 to«4:2.1.11 according to each zone.

2 Total axial pin movement, M/
axial pin movement-is the difference in lead connector pin length from when the connect

d against datum“A“to when the connector pin is fully extended from datum A. Total axial p
not be greaterthan 0,25 mm.

3 Pristine contact zones

The

inimum length of each of the pristine contact zones shall be 0,90 mm + M, where M is the

in 4.2 to 4.5
s assembled
Hdress these

hods may be

cified. Each

facturer is responsible for any preconditioning required to represent “as-shipped” configurations, as well

uirements in

connectors shall have the diménsions specified in Figure 1 and Figure 2 and shall meet the

Dr pin is fully
n movement

otal axial pin

MOVETTTETt:

Lead connectors shall have an electrically conductive contact surface over the entire length of each of the
pristine contact zones. Contact surfaces may extend beyond the pristine contact zones.

The surface finish in these zones shall be Ra 0,8 ym maximum. The entire surface area shall be considered
when measuring surface finish. No indentations, protrusions, gaps or steps exceeding surface finish
allowance are allowed in these zones.

4.21.4 Pristine seal zones

The minimum length of each pristine seal zone shall be 1,81 mm + M, where M is the total axial pin movement

in mil

©I1SO
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Lead connectors shall have a seal surface over the entire length of each of the pristine seal zones. Seal
surfaces may extend beyond the pristine seal zones. No indentation, protrusions, gaps or steps exceeding
surface finish allowance are allowed in these zones.

For surfaces of materials with durometers of nominally 75 Shore D, the surface finish in this zone shall be
Ra 0,8 pym maximum. The entire surface shall be considered when measuring surface finish except that
uniform linear protrusions, such as caused by mould parting lines, may be excluded from the measurement if
they do not exceed 0,025 mm in height as measured radially or 0,12 mm in width.

For surfaces in this zone made from materials with durometers harder than 75 Shore D nominal, the surface
finish shall be Ra 0,4 ym maximum when the entire surface is considered, including any uniform linear
protrusions.

4.21.5 Lgad connector body
The diametef for all conductive components and surfaces within this zone shall be 3,2 mm + ;03 mm.
The diametef for all non-conductive components and surfaces within this zone shall be 3{2 mm + 0,05 mm.

For all areaq in this zone except pristine seal zones and pristine contact zones,. the following requirements
apply.

a) Any radial steps or protrusions, such as can occur between two adjacent components or by welds,|shall
not excged 0,05 mm (in height) and shall not cause the diameter {0 go outside the tolerance spegified
with theg following exception. Uniform linear protrusions that do\not exceed 0,025 mm in height as
measurdd radially or 0,12 mm in width are allowed only for sucfaces of materials that are at nomjinally
75 Shorg D.

b) Any gag shall not exceed 0,1 mm in width when measured to include all edge breaks at the gap edge.
There shall not be more than one gap between each pristine zone. For any gap that meets fhese
requirenpents, the area within the gap need not.-meet the other requirements of this subclausg, for
examplg diameter and radial step requirements.

¢c) Any indgntations, such as holes or weld depressions, shall not exceed 0,5 mm in diameter and/or 0,p mm
in depth

d) Surfaceffinish shall be Ra 1,6 ym maximum. Surface finish measurements need not include any syrface
features|that meet the above requirements.

4.2.1.6 Strain relief zone

The diametef in this zone shall be 4,1 mm maximum and 3,8 mm minimum.

4.21.7 Gyip zone

The diameter in‘this zone shall be 4,1 mm maximum.

4.2.1.8 Chamfer zone

The length of the chamfer in this zone shall be 0,35 mm minimally and 0,7 mm — M maximally, where M is the
total axial pin movement in millimetres.

4.21.9 Transition zone

The transition from the &3,2 mm to the ¥4,1 mm diameter shall occur within the envelope between datum B
intersecting the 17,7 mm diameter and the 4,1 mm diameter and a line parallel to datum B intersecting the
18,70 mm maximum dimension.

NOTE The 60° dimension defines datum B, and transition geometry need not match this angle.

6 © 1SO 2010 — All rights reserved
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The diameter in this zone shall not exceed 4,1 mm.

4.2.1.10 Insertion indicator zone

This zone is provided for an optional insertion indicator. If an insertion indicator is present it shall meet the
following requirements.

a) The indicator shall not extend beyond the zone.

b) The proximal edge shall meet the 5,10 mm + 0,10 mm dimension.

c) The diameter shall fall within the nominal diameter specified and the tolerance of *§:%3 mm:-

d) ny gaps shall not exceed 0,10 mm in width. For any gap that meets this requirement, the afea within the
ap need not meet the other requirements of this section, for example diameter and radial step

quirements.
e) Any radial steps shall not exceed 0,05 mm.
4.2.1{11 Pin pristine contact zone
Lead|connectors shall have an electrical contact surface over the entire length of this zone.
The gurface finish in this zone shall be Ra 0,8 ym maximum.
Dimensions in millimetres
S 6
. = m m
S LA |~ |, <] |in NN A P
Do N ) sy m::cc;fi-c\r
- - -l - - = «——f—
1 1 1, 6
é - - »—r !
R I E
]
I
3} 4 7 3 8
2 —
\ff), 7 | I
Key
1 pristine contact zones 5 grip zone
2  pristine seal zones 6 chamfer zone
3 lead connector body 7 transition zone
4  strain relief zone 8 total axial pin movement, M
NOTE The diameter dimensions of the soft sections, in zone 4, zone 5 and zone 7, of the lead may be determined as

the mean value of three measurements taken at locations oriented approximately 120° apart around the principal axis of
the lead connector.

Figure 1 — Four-pole lead connector body
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Dimensions in millimetres
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b) Low voltage only lead connector pin

Key

1  pin fixation zone

2  pin pristine contact zone
3 insertion indicator zone

a

Dimension applies when amount of pin axial movement has been minimized such as by axially seating the connector
pin against datum A.

Figure 2 — Four-pole lead connector high voltage and low voltage only pin details
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4.2.2 Materials

4221 Contact materials
Lead connector contact materials shall meet the requirements of Annex M.

Based on observations made during the development of this International Standard, it is recommended that
manufacturers consider selecting 35Cobalt-35Nickel-20Chromium-10Molybdenum alloy specified in
ASTM F562 as a material for lead connector contacts. This material performed acceptably when evaluated by
multiple manufacturers and was more consistent than several other materials tried. Contact material was
identified as critical to connector performance and therefore verification to the requirements in this
Interfational Standard should be made when using this or any other material.

4.2.2|12 Seal surface material

Lead|connector seal zone materials are not specified; however, recommendations ane provided i Annex H.

4.2.3| Lead connector electrical connections

4.2.31 According to the appropriate configuration, each lead conhector contact shall bel in electrical
continuity with the specific and distinct lead electrode described in Table'¥ when the following applies:

«

— ‘ILOW voltage” refers to stimulating electrodes having pacing<and electrogram sensing functign;
— ‘HIGH voltage” refers to stimulating electrodes having highrvoltage defibrillation capability;
— ‘IOPEN?’ refers to lead connector contacts that are_not'in electrical continuity with any lead elgctrode.

4.2.3(2 The lead connector pin of low voltage-only lead connectors shall conform to Figure 2|b).

4.2.3(3 The lead connector pin of high.voltage lead connectors including integrated bipolgr connectors
shall conform to Figure 2 a).

NOTEH Ring 2 and ring 3 contacts of high voltage lead connectors should not be in direct electrical continuity with lead
electrpdes that are not intended for high'voltage.

4.2.4) Lead marking

4.2.41 Marking symbol

Lead|connectorsishall be marked with the appropriate symbol according to Table 1 and sized apgropriately for
the cpmponent.being marked.

4.2.4|12~ “Marking location

Marking shall be located in the marking zone (see Figure 3).

4.2.4.3 Marking orientation
Marking shall read left to right when the lead connector is oriented with the connector pin to the left.

NOTE It is the responsibility of the manufacturer to ensure marking on lead connectors is permanent and legible
under intended use conditions.

© 1SO 2010 — All rights reserved 9
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Dimensions in millimetres

2 3 4 5
B 224 | 1 _
Key
1 marking zpne
2 lead conngctor pin
3 lead conngctor ring 1
4  lead conngctor ring 2
5 lead conngctor ring 3
Figure 3 — Identification of lead connector contacts
Tabl¢ 1 — Lead marking symbols and electrical connections within the lead — Permitted
configurations
Configuration
and marking Connector pin Ring 1 Ring 2 Ring 3
symbol
Most distal LOW | 2nd most distal LOW | 3rd most distal LOW | Most proximal LOW
IS4-LLLL
voltage electrode voltage-electrode voltage electrode voltage electr¢de
Low . . .
voltage IS4-LLLO Most distal LOW | 2nd most distal LOW | 3rd most distal LOW OPEN
only voltage electrode voltage electrode voltage electrode
IS4-LOLL Most distal LOW, OPEN 2nd most distal LOW | Most proximal LOW
voltage electrode voltage electrode voltage electr¢de
Most distal LOW | 2nd most distal LOW | Most distal HIGH Most proximal HIGH
DF4-LLHH
voltage electrode voltage electrode voltage electrode voltage electr¢de
High Moést distal LOW 2nd most distal LOW Most distal HIGH
voltage DF4-LLHO veltage electrode voltage electrode voltage electrode OPEN
DF4-OOHH OPEN OPEN Most distal HIGH Most proximal HIGH
voltage electrode voltage electr¢de
Most distal LOW @Most distal HIGH Most distal HIGH Most proximal HIGH
DF4-LLHH
Integrated voltage electrode voltage electrode voltage electrode voltage electrode
bipolar |} ¢+ Most distal LOW | aMost distal HIGH | Most distal HIGH A
i voltage electrode voltage electrode voltage electrode b
@  For integrated bipolar leads the most distal HIGH voltage electrode may also be used for low voltage pacing and sensing function.

4.2.5 Lead package labels and literature

Package labels and product literature are the responsibility of the lead manufacturer; however, the appropriate
marking symbols shown in Table 1 should be used at all times when referring to lead connectors conforming
to this International Standard.

NOTE The four-pole lead connectors specified in this International Standard might not be compatible with the wide
variety of existing analyser cables that are currently used with other connectors (such as IS-1 and DF-1). Specifically, the
terminals of some analyser cables can result in bridging and shorting of the more closely-spaced lead connector contacts
of the four-pole connector. Bridging and shorting during an implant procedure can result in erroneous measurements of

10 © 1SO 2010 — All rights reserved
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performance characteristics (e.g. R waves, P waves, impedances, pacing thresholds) or a temporary inability to provide
pacing therapy. Manufacturers are individually responsible for providing appropriate warnings, education or other means
of mitigating the risk of bridging and shorting as can occur due to use of analyser cable terminals with their respective lead
connectors. See also Clause P.3.

4.3 Lead connector functional requirements
4.3.1 Functional check

4.3.1.1 Test method

Insert the lead connector into the lead connector go gauge conforming to Figure 4. Perform this. {est both with
the lgad connector in an initial state and after a 10 d minimum soak in saline (nominally 9 g/lat.31 °C £ 5 °C).

Dimensiong in millimetres

m +0,05 T m
o 17,62 -0,25 . sl
~| @ ~ .’ o e .
Al d A N
26 / 5 g
Y . ° Y
Ra 0,8-1,6 B)
¢ XP
i \
b
24,65 +0,05 4,68 0,05
S l0003@]8] S l000@]8]
X
<0,05
W /
S,
o

o

8  The-3;28 mm maximum diameter exceeds the largest permissible lead diameter by 0,03 mm to accdmmodate axis
curvajure.of the lead connector or localized offsets that might be present between lead connector components.

b Radius or chamfer < 0,20 mm.
¢ Edge break < 0,1 mm.

d  Material: metal.
Figure 4 — Lead connector go gauge
4.3.1.2 Requirement

Both initially and after soaking, the force to fully insert the lead connector into the lead connector go gauge
shall be less than 4,5 N. The lead connector is considered fully inserted into the gauge when the connector
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pin is visible outside the 1,43 mm diameter. The lead connector need not be bottomed out in the gauge in
order to be considered fully inserted.

4.3.2 Tensile loads

4.3.21 Test method

Soak the lead connector in saline (nominally 9 g/l at 37 °C =5 °C) for 10 d minimum prior to testing. After
soaking and while in a wetted state, fasten the lead connector at the lead connector pin and apply a tensile
load of 14 N minimum at the grip zone. Maintain the load for at least 10 s. Repeat tensile loading a minimum
of five cycles.

43.2.2 Reéquirement

After tensile [oading the lead shall meet the linear dimensions in Figures 1 and 2 measured frem>datum A and
the requirements of 4.2.1.2, 4.3.6, 4.3.7 and 4.3.8.

4.3.3 Deformation due to pin contact forces

4331 Te¢st method

Insert the legd connector into a test cavity that conforms to the bore dimensions of Figure 7 a) for high vqgltage
and Figure 7|b) for low voltage only and which has M2 screw threads lecated within the functional pin cqntact
zone. Use an M2 titanium grade 5 as described in ASTM B348, 860<MRa minimum tensile strength, set g$crew
with cup point that complies with ISO 7436.

Tighten the $crew to a torque of 0,15 N-m £ 0,01 N-m. Maintain the load for 10 s minimum and then re|ease
the set screw.

43.3.2 Requirement

The force to withdraw the lead connector from and re-insert it into the test cavity shall not exceed 4,5 N.

After removd], the lead connector shall mgetithe contact zone diameter requirements in Figure 2.

NOTE 1 Fqr lead connector designs-utitizing a through-hole for stylets, it is recommended that the manufacturer|verify
that the through-hole is still functional-fellowing application of the set screw load.

NOTE 2 It [s recognised that-at-the time of this International Standard most manufactured devices utilize 2-56 hekagon
head set screys for lead confiector retention. Although they are similar in size, the equivalency between the two types of
set screw has|not been estaplished. Therefore an M2 set screw is specified herein for use in a dispute.

NOTE 3 Lgad manufacturers are encouraged to evaluate the durability of their lead connector insertion indicatof zone
when exposed to.the(forces associated with handling and implanting conditions, including use with patient cable alligator
clips, passive|rétention systems, set screws and other types of tool that might be used during an implant procgdure.
Manufacturers—stoutd—confirmthatthe—insertiomindicator does ot become—functionatty degraded-ordistodged-from the

lead connector pin after exposure to handling and implant conditions.

4.3.4 Deformation due to ring contact forces

4.3.41

Test method

Use two aligned metal blade indenters that conform to Figure 5 to apply a compressive load to the outer
diameter of each ring in the pristine contact zone (see Figure 1). Apply a minimum load of 9 N and maintain
the load for a minimum of 10 s.

12
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Dimensions in millimetres
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a2  Material: metal.

Figure 5 — Ring contact force test fixture

4.3.4{2 Requirement

After|application‘and release of the load, the lead connector shall meet the requirements of 4.2.1.5 with the
exception of the’ surface finish requirement, the functional check of 4.3.1 and the electrical redquirements of
4.3.6| 4.3.7.and 4.3.8.

4.3.5] "Seal zone requirement

There is no functional requirement for seal zones. See Annex H and Annex | for design recommendations.

4.3.6 Electrical isolation requirement

The lead connector shall provide electrical isolation between each of the lead connector contacts and between
the contacts and the surrounding fluid. Compliance shall be determined as described in Annex A.

4.3.7 Dielectric strength requirement
The lead connector shall provide high voltage electrical isolation between each of the lead connector contacts

and between the contacts and the surrounding fluid. This requirement applies only to high voltage lead
connectors. Compliance shall be determined as described in Annex C.
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4.3.8 Current-carrying requirement

The high voltage lead connectors shall be capable of carrying defibrillation current. Compliance shall be
determined as described in Annex E.

4.3.9 Corrosion/environmental

Compliance shall be determined as described in Annex M.

4.4 Connector cavity physical requirements

441 Dimelnsions

4411 General

The connect
requirementg

4.41.2 Fu
The electrica
contact zone
4413 Fu

Connector ¢
hardware mas

according to each zone.

nctional contact zones

nctional seal zones

y extend beyond these zones.

4414 Material

br cavity shall have the dimensions specified in Figure 6 and Figure 7 and shall meet the follpwing

lly active contact surfaces for mating with the lead connector shall be located within the functional
s (see Figure 6) and functional pin contact zone (see Figure“7). Contact hardware may ektend
beyond thes¢ zones. This requirement does not apply for contacts that.are not active.

bvities shall provide for functional sealing withinithe functional seal zones (see Figure 6).| Seal

The structural support of the connector cavity shall be constructed of a material with a minimum hardngss of

70 Shore D.

14
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Dimensions in millimetres
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A
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A

Key
1 fynctional contact zones
2 fynctional seal zones

3 sfabilization zone

a8  The surface of the bore entrance need hot be perpendicular to the bore axis as long as the entire circumference of the
bore ¢ntrance is located within the 22,6 mm minimum and 24,6 mm maximum specified.

b Radius or chamfer, 0,33 mm + 0;18*mm.

Figure 6 — Four-pole connector cavity
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Dimensions in millimetres
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Key
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a8  Securing mechanisms can have features that are smaller than the 1,48 mm diameter as necessary to secure the lead
connector.

Figure 7 — Four-pole connector cavity tip detail
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4.4.2 Connector cavity electrical connections

4.4.2.1

continuity with the specific device outputs described in Table 2 when the following applies:

4.4.2|2 Low voltage only version connector cavities shall conform to Figure 7 b).
4.4.2|3 High voltage version connector cavities shall conform to Figure 7 a).
NOTH Connector cavity contacts designated as low voltage are not designed to deliver high_voltage ou

4.4.3| Connector cavity/pulse generator marking

Pulsg generators with connector cavities conforming to this International. Standard shall be ma
apprgpriate symbols in accordance with Table 2 and sized appropriately for the component being

NOTH It is the responsibility of the manufacturer to ensure marking on pulse generators is permang
underintended use conditions.

Key

“LOW?” are device outputs < 20 V;

“HIGH” are device outputs between 20 V and 1 000 V peak and < 50 A;

According to the appropriate configuration, each connector cavity contact shall be in electrical

“OPEN" refers to connector cavity contacts that are not in electrical continuity with any device output.

4 3 2

—_—

7

put.

ked with the
marked.

nt and legible

Yy,

‘ |
—
p|n contact
rihg 1 contact
ring 2{cantact
rihg 3 contact
Figure 8 — ldentification of contacts in the connector cavity
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Table 2 — Pulse generator marking symbols and electrical connections to device outputs —
Permitted configurations

Configuration and
marking symbol

Connector cavity contacts

Pin contact Ring 1 contact Ring 2 contact Ring 3 contact
IS4-LLLL LOW LOW LOW LOW
L°W°‘:“|’)'/tage 1S4-LLLO Low Low Low OPEN
I1S4-LOLL LOW OPEN LOW LOW
BF4-HEHH EOW EOW HGH HGH
High voItagL DF4-LLHO LOW LOW HIGH OPEN
DF4-OOHH OPEN OPEN HIGH HIGH

4.4.4 Pulse¢ generator labels and literature

The appropriate marking symbols shown in Table 2 should be used at all times when referring to conngctors

conforming tg this International Standard.

NOTE

4.5 Connector cavity functional requirements

4.5.1 Insertion force

4511 Test method

Package labels and product literature are the responsibility of the pulsegenerator manufacturer.

Fully insert the metal gauge pin specified in Figure 9%into the device connector cavity while measuring the
maximum fofce required. Remove the insertion fotce while observing for any displacement of the gaude pin

for 15 s mininum.

This test sha]l be performed in accordancéwith the manufacturer's recommended implant procedure. This test
shall be performed dry.

4.51.2

Requirement

The maximum force required to fully insert the gauge pin into the device connector cavity shall not exceed

16 N.

The gauge pin shall~not become displaced more than 0,5 mm after the insertion force is removed when
verified after[15,s minimum.

The connectortavity stattmeetthedimensiomat requirementsof Figure 6and-the requirements of 4.5:6;4.5.7

and 4.5.8.

18
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Dimensions in millimetres
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a8  Material: metal (entife pin).

Figure 9 — Maximum connector cavity gauge pin

4.5.2  Retention force

4521 Test method
Fully insert the minimum retention gauge pin conforming to Figure 10 into the connector cavity and engage

the securing mechanism, as applicable, per manufacturer instructions. Apply an axial tensile load of 10 N for
10 s minimum while observing for displacement of the gauge pin.

45.2.2 Requirement

The gauge pin shall not become displaced more than 0,5 mm while under the 10 N load.
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Dimensions in millimetres
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a8  Material: metal (entire pin).

Figure 10 — Minimum retention.gauge pin

4.5.3 Withdrawal force

4.5.31 Tgst method

Insert the gquge pin conforming to Figure 9-fully into the connector cavity. Verify that any active retgntion
mechanisms|are disengaged. Fully withdraw the gauge pin whilst measuring the maximum force required.

Perform this fest under initial (dry) conditions.

4.5.3.2 Requirement

The maximuin force required-to fully withdraw the gauge pin shall not exceed 14 N.

4.5.4 Ring|contactload

4541  Applicability

This requirement applies only to contact mechanisms for lead connector rings that require activation after the
lead connector is inserted, such as set screws.

4542 Test method

Determine the maximum contact load of the fully activated contact mechanism over a 3,23 mm diameter test
pin.

454.3 Requirement

Contact load shall not exceed the maximum allowed by 4.3.4.
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Seal zone requirement

There is no functional requirement for seal zones. See Annex | for design recommendations.

4.5.6

Electrical isolation requirement

The connector cavity shall provide electrical isolation between each of the connector cavity contacts and
between the contacts and the surrounding fluid. Compliance shall be determined as described in Annex A.

4.5.7

Dielectric strength requirement

The
contg
conn

4.5.8

connector cavity shall provide high voltage electrical isolation between each of the con
cts and between the contacts and the surrounding fluid. This requirement applies ™0
pctor cavities. Compliance shall be determined as described in Annex C.

Current-carrying requirement (high voltage connector cavity)

hector cavity
high voltage

The high voltage type connector cavity shall be capable of carrying defibrillation, current. Compliance shall be

deten

4.5.9

mined as described in Annex E.

Contact resistance/stability

Ther¢ is no requirement for contact resistance/stability since it is‘dependent on each specific de

perfo

NOTH
reliab
meas

Fmance.

It is recommended that each manufacturer evaluate“the contact resistance/stability as part
lity and safety testing. See Annex J for a description ‘of one potential test method believed to b
Lring the relative performance of various spring contagctidesigns.

ice system's

bf their device
e practical for

©I1SO
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Annex A
(normative)

Electrical isolation test

A.1 General

A1.1 Puerose

This annex d
and are not
(DF4) and lo

A.1.2 Sped

Lead conneg

A.1.3 Salin
Use an aque

Maintain the
A.1.4 Refe

Use a refere

A1.5 Test
Frequency: @

Voltage: one

A.2 Lead

A.2.1 Purpose

escribes tests to determine compliance with 4.3.6 and 4.5.6. These are type (qualification)
intended to be used as routine production tests. The tests are applicable to beth” high vg
v voltage only (I1S4) lead connectors and connector cavities.

imen preparation
tors and connector cavities used for test shall be in the as-shipped ¢ondition.

e solution

pus solution that is nominally 9 g/l NaCl.

temperature of the saline at 37 °C + 5 °C for soak.and test.
rence electrode

hce electrode made of titanium which_has a surface area of > 500 mm?.

signal
ne frequency at or between 50 Hz and 120 Hz.

voltage at or betweén)0,25 V rms and 1,0 V rms.

connector-test

tests
ltage

P vwaliatac iaalatian £ £l ndetoretn—t ad na for £ Adaotiion A+~ 1 dictal
TS OTVAIUAITO ToUIAdlUuUlT UT UTC UUTTUULLIUTO 1T 0TS Toau CUTITICULUT 1TTUTTT Udailuntt 7/ TU Ui1c Ultoldal

nd of

This procedu

the grip zone as defined in Figure 1. The method applies to both high voltage and low voltage only lead

connectors.

A.2.2 Preconditioning

Soak the entire lead connector in the saline solution for a minimum of 10 d prior to the test. Maintain the lead
connector in a soaked state for testing. Return the lead connector to the saline solution between tests or when

not testing.

22
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A.2.3 Test method
Carry out the test as follows.

Maintain the entire grip zone, strain relief zone and transition zone of the lead connector (as defined in
Figure 1) in the saline test solution while keeping the exterior of the lead connector rings externally insulated
from the fluid.

NOTE External isolation may be achieved by keeping the rings out of the test solution and drying off the outside, by
use of a silicone sleeve or a test fixture with seals, or by another method that provides external isolation while ensuring
that the entire transition zone, strain relief zone and grip zone remain submerged in the test solution. All three contact

rings and the connector pin should be pxtprnqlly insulated from the test solution and from each other

Positlon the lead connector 50 mm to 200 mm from the submerged reference electrode.

Apply the test voltage between each contact combination under test, for example'\between|the pin and
refergnce electrode. For lead connectors that are not integrated bipolar, test the. eombinations shown in
Tablg A.1. For integrated bipolar lead connectors, where contact ring 2 and centact ring 1 arg intentionally
electrically connected, test the contact combinations shown in Table A.2.

Meagure the resulting isolation impedances for each test combination.

Table A.1 — Test combinations for lead connectors
Pin Ring 1 Ring 2 Ring 3

Refefrence test test test est

Pin test test est

Ring|1 \’\\Q‘ test est

Ring|2 \O est

Table A.2 — Test combinations for integrated bipolar lead connectors
Pin Ring 1 + ring 2 Ring B

Refefence test test test

Pin \o)k) . test test

Ring|1 + ring 2 {\%\. test
A.2.4 Acceptance criteria

The impédance between each contact of the test combinations shown in Table A.1 and Table|A.2 shall be

greaterthan 600 kQ. This requirement applies to both high voltage and low voltage only lead cor

nectors. The

requirement also applies to all contacts, even those that are not electrically active.

A.3 Connector cavity test

A.3.1 Purpose

This procedure evaluates isolation between the contacts in the connector cavity as well as isolation between
the last contact and an external reference electrode when tested with a simulated lead connector as defined in
Figure A1,
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A.3.2 Test pin

Use a test pin that conforms to Figure A.1.

a

reference only}.

b
c

d

24

Dimensions in millimetres
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For testing connegctor’ cavities that do not utilize the retention groove for fixation, these test pin dimensions gre for

Diameter pnd-datum B apply to zone indicated.
Body material: polyetheretherketone.
Core material: 316L stainless steel.

Figure A.1 — Connector cavity isolation test pin
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Dimensions in millimetres
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a8  Edge break < 0,05 mm (6 places).

b Edge break < 0,02 mm (6 places).

¢ Material: metal (entire pin).

Figure A.2 — Maximum offset gauge pin
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A.3.3 Preconditioning

Precondition

and prepare the test samples as follows.

Fully insert and completely withdraw a maximum offset gauge pin conforming to Figure A.2 one (1) time.

Perform the preconditioning in a dry state prior to assembling the connector in the saline solution. Full
insertion is when the pin tip is visible beyond the tip connector block, and complete withdrawal is when the pin
tip is visible outside the connector cavity.

Immerse the connector cavity in the saline solution and then insert the test pin into the cavity, ensuring no air

bubbles are

Soak the cay
soaked state

A.3.4 Test
Carry out the
Immerse the

Measure ele
start of the td

Apply a side
Orient the s
direction of Iq

NOTE TH

interchangeab
components. |

A.3.5 Acce

For both high voltage and low voltage’ only connector cavities the impedance between each cd

combination
including tho

ity and pin assembly in saline solution for a minimum of 10 d prior to the test and maintain
for testing.

method
test as follows.

reference electrode and locate it 50 mm to 200 mm from the connector cavity.

st (wet) and after 10 d minimum soak.
load of 1 N to the test pin at the bore exit during thecelectrical testing only, not during the
ading shall be in the same plane as the pin retention mechanism force contact point.

e test combinations shown in Table A.3 are for évaluating electrical isolation of seal rings with reg
lity. It is recommended that manufacturers*also test other combinations to establish isolation of
Refer to Clause B.3.

ptance criteria

(refer to Table A.3) shall’be greater than 120 kQ. This requirement applies to all cor
e that are not electrically active.

Table A.3 — Test combinations for connector cavities

{rapped—Fastermror deploy any reterntiormmecanisms thatare provided wittrthretornmector tayity.

ctrical impedance between each contact combination specified.as “test” in Table A.3, both &t the

50ak.

de load perpendicular to the bore axis and, for ‘devices with a pin retention mechanisn, the

ard to
other

ntact
tacts

Pin Ring 1 Ring 2 Ring 3
ﬁeference test
PFn test
Ring 1 test
Ring 2 test
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Annex B
(informative)

Rationale for Annex A

Isolation impedance

This
impe
the ¢

The f
conn

A 10
input
modd
10 x

International Standard allows a minimum lead-cavity isolation impedance of 100 kQ2., Th
Hance has been used to allocate a parallel equivalent of 600 kQ for the lead connector an
bnnector cavity.

bctor, and connector cavity as given by Equation (B.1):

1 1 1

Zs ZLead ZCavity

D kQ isolation impedance for the four-pole connector system{Wwas derived assuming a minin
impedance of 100 kQ and a total input impedance of a device of 50 kQ. Electrical input i
rn pacemakers/ICDs is typically greater than 100 kQ. A.50 kQ input impedance on a devic
the maximum source impedance of intra-cardiac signals; this ensures that signals from the

significantly attenuated.

Furt

rmore, the 100 kQ system isolation impedance was used to allocate 120 kQ isolation impe

conngector cavity and 600 kQ isolation impedafgce for the lead connector. Lower parallel impeg
conngector cavity was assigned based on the-characteristics of the isolation testing. The isolatio
conngector cavity includes both internalsiselation plus a simulated effect of the lead/cavity in

isola

A 10
requi
requi

B.2

The
seve
was

ion test for the lead connector evaluates internal isolation only.

d soaking procedure has been-adopted from 1S-1 (ISO 5841-3) and DF-1 (ISO 11318). This
fed time for fluid absorption“and electrical impedance stabilization between insulated con
rement is applicable foriead, device or system testing.

Mechanicalload

pplication Jof the side load during testing was intended to simulate transient loads repr
e daily activities. A reasonable upper bound of the representative side load for these transie
bstimated to be 300 g acting on a flexible connector. The 300 g limit was established by t

S lead-cavity
d 120 kQ for

our-pole connector system isolation impedance, Z, is the result of the individualhcontributions of the lead

(B.1)

um electrical
mpedance of
e is close to
heart are not

Hance for the
ance for the
h test for the
terface. The

provides the
Huctors. This

bsentative of
nt conditions
e Connector

Task

Force using relevant cadaver test data, biplane fluoroscopic reconstruction of indwelling

eads, bench

testing of four-pole connector prototypes and input from leading physicians on typical and non-typical implant
conditions. The derating of the 300 g in vivo load applied to the flexible lead connector was done to ensure the
rigid test pin produced the appropriate deflection in the seal zones under test. The side load of 1 N was
chosen based on the testing of actual lead prototypes from three manufacturers. The 1 N applied to the test
pin defined in this International Standard was shown to produce a displacement of the seal zone that
exceeded the actual displacement of an actual lead connector. Flexible lead connectors tested from three
independent manufacturers all produced less displacement of the seal zone under a 300 g external load than
the test condition specified in this International Standard.
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B.3 Testc

ombinations

Testing adjacent contacts as indicated by “test” in Table B.1 is considered the minimum required to evaluate
isolation impedance of seal rings in the connector cavity. It is recommended that manufacturers also test the
other combinations indicated by “recommended” in Table B.1 in order to evaluate isolation impedance of other
components such as septums or feedthroughs. The details of such testing, including test combinations, test
conditions, test signal and acceptance criteria should be defined by the manufacturer.

Table B.1 — Recommended test combinations for connector cavities

. Pin Ring 1 Ring 2 Ring 3
Refdrence recommended recommended recommended test
Pin test recommended recommended
Ring 1 test recommended
Rind 2 test

B.4 Conngctor cavity isolation test pin

The lead sefl zone and surface finish requirements described in 4.2.1.4-reflect unique surface finishh and

surface defe¢t allowances based on the materials used in this area of thetead.

During the development of this International Standard, multiple polyetheretherketone (PEEK™) and| 75D

polyurethang
the sensitivit
more difficult
material (Teq

(Tecothane™ TT1075D) test pins were used for testing connector cavities in order to establish
of seal performance to surface defects and material hardness. Such testing indicated that it was
to seal under high voltage when using the harder material test pins (PEEK™) than for the §ofter
othane™) given the same diameter and the same created defects. It was believed that thig was

due to differ¢nces in material hardness. Therefore the requirements in this International Standard reflegt two
different surfpce finishes and defect allowances depending on the hardness of the material used. It wag also
found that defect features on test pins were difficult to define and to tolerance, such that they could be
consistently reproduced. Therefore the test pinshin this International Standard include worst-case malerial,

minimum did
allowed on |4

meter and worst-case surface finish but do not include other types of conditions that might be
ad connectors as specified in.this International Standard.

NOTE Tepothane™ TT1075D is the trade name of a product supplied by The Lubrizol Corporation Wickliffe, OH,|USA.

PEEK™ is the]
given for the

products named. Equivalent products may be used if they can be shown to lead to the same results.

trade name of a product supplied by Victrex plc, Thornton Cleveleys, Lancashire, UK. This information is
onvenience of users\of this International Standard and does not constitute an endorsement by ISO [of the

28
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Annex C
(normative)

Dielectric strength test

C.1 General

C.1.1 Purpose

This pnnex describes tests to determine compliance with 4.3.7 and 4.5.7. These are type '(qualification) tests

and g@re not intended to be used as routine production tests. The manufacturer may use eq
methpds; however, in a dispute, these test methods shall be used. The tests are\applicable to
(DF4) lead connectors and connector cavities.

WARNING — The following test employs high voltages. Failure to use safe laboratory pra
result in severe electrical shock, causing personal injury or death to\persons handling th
or cgnducting the test. Damage to electrical equipment is also possible.

C.1.2 Specimen preparation

Lead|connectors and connector cavities for the test shall be’in an as-shipped condition.

C.1.3 Reagent and materials

Saling solution: nominally 9 g/l NaCl at 37 °C £5°C

uivalent test
high voltage

tices could
equipment

Refefrence electrode: made of titanium.(or’similar conductive and stable material) with a sufface area of

orm:\monophasic truncated exponential specified in Figure C.2 with equipment capable g
inimum of 100 mA.

f providing a

— Rise time: 1,5 uys £ 0,5 ps from 10 % (minimum) to 90 % (maximum) of the peak voltage with a dV/dr of

2 kV/us maximum.
— Pulse duration: 18 ms minimum.

— Amplitude and decay: peak voltage (as specified in Table C.1 to Table C.4) +5 % with a

minimum of

50 % of peak at 18 ms after the peak amplitude. For example a 1 500 V test pulse would have a minimum

amplitude of 750 V at 18 ms.

— Interval: 10 s nominal interval between pulses.

© 1SO 2010 — All rights reserved
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Figure C.1 — Dielectric strength test set-up
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NOTEH The capability of the equipment to deliver a minimum of 100 mA can be verified by use of an appropriate load
resistpr. For example, for a 1 500 V test signal the minimum current should be met with.a 14;8 kQ resistor lopd.

Figure C.2 — Test signal

C.2 |Lead connector test

C.2.1 Preconditioning

Soak| the entire lead connector in saline solutionifor a minimum of 10 d prior to testing. Mainfain the lead
conngctor in a soaked state for testing.

C.2.2 Test method
Carry out the test as follows.

Maintain the entire grip zonej-strain relief zone and transition zone of the lead connector (§s defined in
Figure 1) in the saline test'solution while keeping the exterior of the lead connector rings exterpally isolated
from fhe fluid.

NOTH 1 External/isolation can be achieved by keeping the rings out of the test solution and drying off the outside, by
use of a silicone sleeve or a test fixture with seals, or by another method that provides external isolation while ensuring
that the entire.fransition zone, the strain relief zone and the grip zone remain submerged in the test sollition. All three
contaft rings and the connector pin should be externally insulated from the test solution and from each othen.

NOTR 2.~ Care should be taken to maintain external isolation from the test solution so that arcing does nofjoccur.

Locate the lead connector 50 mm to 200 mm from the submerged reference electrode.

Apply a total minimum of 500 test voltage pulses, 250 minimum consecutive in one polarity and 250 minimum
consecutive in the reverse polarity, to each contact combination using the test voltage indicated for the
combination. For high voltage lead connectors that are not integrated bipolar, apply the pulses to the contact
combinations shown in Table C.1. For integrated bipolar high voltage lead connectors (where ring 1 and ring 2
are electrically common) use Table C.2. The peak voltage of the test pulse shall have a peak amplitude as
shown in Table C.1 and Table C.2 according to the combination being tested.

Measure the resulting maximum leakage current between 4 ps and 1 ms into the pulse and between 1 ms and
18 ms into the pulse as illustrated in Figure C.3.

© 1SO 2010 — All rights reserved 31


https://standardsiso.com/api/?name=3d6bda34d8b99ad5365878fd5d38cf4f

ISO 27186:2010(E)

Monitor at least the first 10 pulses and last 10 pulses of each polarity for each combination.

Test all contacts, even those that are intended to be electrically inactive (open).

NOTE 3

The test can be performed by tying multiple electrodes together in parallel, as long as the maximum leakage

current requirement is satisfied. For example, the reference electrode could be tested against a parallel combination of
pin +ring 1 + ring 2 + ring 3.

Table C.1 — Test combinations for high voltage (DF4) lead connectors that are not integrated bipolar

Table C.2 — Test combinations for integrated bipolar high voltage (DF4) lead connectors

C.2.3 Acce

The measurgd maximum leakage current shall not exceed\the values specified in Table C.3 according {
pltage used. This requirement applies torall contacts including those that are intended
active (open).

test signal v
electrically in

Pin Ring 1 Ring 2 Ring 3
Reference 1500V 1500V 1500V 1500V
Pin 1500V 1500V
Ring 1 1500V 1500V
Ring 2 1500V

Pin Ring 1 +ring 2 Ring 3

Reference 1500V 1500V 1500V

Pin 1500V 1500V
. . N

Ring 1 +ring 2 : \\\ 1500V

ptance criteria

Table C.3 — Acceptance criteria

Maximum leakage current

o the
o be

32

Figure C.3 — Leakage current waveform

Test signal peak voltage mA
"o
I, 4 uysto 1 ms I, 1 msto 18 ms
1500 100 20
~=A —————————
[~ N .
| I / /

. L |
| {1 | -
(| [ |
| 11! | l
I I l2 IZ { I
L/ Wl T )

01ms 18 ms 0 4yus 1 ms
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Connector cavity test

C.3.1 Test pin

Use a test pin that conforms to Figure A.1.

C.3.2 Preconditioning

Precondition and prepare the test samples as follows.

Fully insert and completely withdraw a maximum offset gauge pin conforming to Figure A.2 one (1) time.

Perf

solution. Full

inser
tip is

Imme
bubb

Soak
the s

C.3.1

Carry

Locate the cavity and pin assembly in the saline test solution so that it is 50 mm to 200 r

subni

Apply
testin
apply

Apply
cons

(Vo) that is at least 1,5 x the peak output\voltage of the device and not less than 1 200 V. Test

conn

Meas
into |

Moni
contg

Test

NOTH
can a

NOTE

rr—the—preconditioning—in—a—dry—state—prior—to—assembling—the—econnector—in—the—saline
ion is when the pin tip is visible beyond the tip connector block, and complete withdrawal(is
visible outside the connector cavity.

rse the connector cavity in the saline solution and then insert the test pin into the(eavity, en
es are trapped. Fasten or deploy any retention mechanisms that are provided with’the conn

the cavity and pin assembly in the saline solution for a minimum of 10 d prigr to the test an
baked state for testing.

3 Test method

out the test as follows.

erged reference electrode.

a 1 N side load to the test pin at the bore exit perpendicular to the bore axis only during
g (not during soaking). For devices with a directional pin retention mechanism (such as
the load so it aligns with the direction of the pin-retention mechanism.

a minimum total of 200 test voltage pulses, 100 minimum consecutive in one polarity and
bcutive in the reverse polarity, to each.contact combination. The test voltage shall have a peg

pctor cavities according to the combinations listed in Table C.4.

ure the resulting leakage current between 4 us and 1 ms into the pulse and between 1 m
ne pulse illustrated in Figure-C.3.

or the first 10 test cycles and the last 10 test cycles of each polarity for each combination
cts and reference-€lectrode.

bl contacts, even’those that are intended to be electrically inactive (open).

1 Visibte ‘arcing might produce damage to the connector seals, including material loss and contan
fect perfarmance. Any observations of arcing during the test should be further evaluated by the manuf

2 A _Additional testing between electrical conductors or between electrical conductors and the refer:

when the pin
suring no air

pctor cavity.

d maintain in

hm from the

the electrical
h set screw),

00 minimum
ak amplitude
high voltage

s and 18 ms

of connector

ination. These
hcturer.

bnce electrode

canb

b performed. Refer to Annex D.

©I1SO

Table C.4 — Test combinations for high voltage (DF4) connector cavities

Pin Ring 1 Ring 2 Ring 3
Reference a1 200 Vto 1500 V
Pin a1 200 V to 1500 V
Ring 1 a1 200 V to 1 500 V
Ring 2 a1 200 Vto 1500 V
@  Test voltage is based on device output. Refer to C.3.3.
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C.3.4 Acceptance criteria

The measured maximum leakage current shall not exceed the values specified in Table C.5 according to the
test signal voltage used. This requirement applies to all contacts, including those that are intended to be

electrically inactive (open).

34

Table C.5 — Acceptance criteria

Maximum leakage current

Test signal peak voltage mA
o L4 ustolms L1 msto18ms
1200 80 16
1500 100 20
Other 100 7y/1 500 20 1y/1 500
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Annex D
(informative)

Rationale for Annex C

Rationale for performing a high voltage electrical isolation test

The
insul
betw

For t
ring 3
comi
comH

D.2

D.2.
Ratio

Form|
it is g
the fq

Pulsq
clinic

Ampl
envig
pulse
servi
opera

NOTH
conng
pulse
so sti

erformance of the implantable defibrillator system depends on the ability of keeping electriclal conductors

ited from each other and from the outside. This test simulates the effect of highCvoltal

ben conductors in order to evaluate the ability of connectors to maintain high voltage.electric

e connector cavity, testing adjacent contacts (for example pin - ring 1, ring 1,-'finNg 2, ring 2

- reference) is specified to evaluate leakage current between seal rings ofjthe connector
inations may be tested to evaluate other components or design features:\The need for thg
inations should be defined by each manufacturer.

Rationale for test method

Test signal
nale for aspects of the test signal is as follows.

. a truncated exponential monophasic waveform’with a rise time of 1,5 ys + 0,5 us was sele
imilar to the output capabilities of implantable defibrillators that the manufacturers expect {
reseeable future. The electrical stress.of a-biphasic waveform is simulated by testing both p

duration: the minimum duration(of*18 ms was selected as being longer than any valu
blly useful.

tude and decay: the test-amplitude was selected as being 1,5 x the maximum service volt
aged by the manufacturers, 1 kV for the lead connector (see Clause 1) and the maximum
generator for the connector cavity. The 1,5 x safety factor between the test and maxir
Ce voltage provideS.teasonable assurance that electrical isolation will be maintained d
tion. The 50 %decay at 18 ms reflects output capabilities of implantable defibrillators.

The, major difference between ISO 11318 (DF-1) and this International Standard is that seals re
ctor cayityninstead of on the lead connector. Because of this, the connector cavity need only be test
generator is capable of delivering plus the 1,5 x safety factor. Lead connectors could be used in any p

need to be tested to voltages up to the maximum allowed plus the safety factor (same as DF-1).

ge exposure
| isolation.

- ring 3, and
cavity. Other
se other test

cted because
o employ for
Dlarities.

b considered

nge currently
output of the
hum allowed
Liring normal

Side within the
bd to what the
Lise generator

Interval: the 10 s nominal frequency allows flexibility in testing and is being specified for resolving any
potential disputes. Testing with smaller or longer intervals was not thought to be critical to test outcome.

Test system current; the test system's capability of delivering 100 mA at any time during the test pulse allows
for verification of the maximum allowable leakage current.

D.2.2 Mechanical load

The 1 N side load is used to simulate transient loads representative of severe daily activities (see Annex B).

©I1SO
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D.2.3 Test duration and combinations

Lead connector: 500 test cycles for the lead connector was considered to exceed a worst-case single patient
delivery. This includes re-use of the lead.

Connector cavity: 200 test cycles for the connector cavity was considered a worst-case condition based on
device output.

D.2.4 Test combinations

Lead connector: the lead connector test combinations include all combinations of high voltage contacts
relative to e1ch other in order to test high voltage isolation between these. Also included are all combinations

of contacts felative to a reference electrode in order to test high voltage isolation for areas of’the| lead
connector that will be outside the connector cavity.

Connector cavity combinations: the connector cavity combinations are intended to evaluate,seal performance
in the presence of active potentials. Reference-to-pin, reference-to-ring1 and/\reference-to-fing 2
combinationg do not apply as this International Standard is intended for the lead/cavity.interface only. The test
combination feference-to-ring 3 verifies function of the most distal seal assembly.

D.3 Rationale for acceptance criteria

D.3.1 Maximum allowed leakage current

Leakage curfent limits of 100 mA and 20 mA for a test signal of 1500 V were adopted from 1ISO 11318 (DF-1).
Other current leakage requirements specified by this International Standard are proportional to the test gignal
amplitude.

D.3.2 Measurement

Similar to DF-1, maximum leakage current is measured between 4 ys and 1 ms into the pulse and between
1 ms and 18|ms into the pulse. The current is not measured during the first 4 ps in recognition of the ex{freme
difficulty of accurately monitoring a smallcurrent in the presence of a large and rapid voltage step. Thig was
considered dcceptable since it is unlikely that a unit under test could produce enough current leakage dquring
the first 4 ysto cause tissue damage, ‘and subsequently meet the specified leakage criteria.

D.3.3 Frequency of monitoring

The test requires that, as ‘@'minimum, the leakage current be monitored during the first ten cycles and the last
ten test cyclgs. Experience indicates that most failures will occur early in the test procedure. It is possibl¢ that
an early faildre could generate gas inside the connector cavity by electrolysis and drive out the saline. This in
turn could increase~the isolation impedance and result in passing results for the same connector cavity by
cycles 191 tq 200+ Therefore, |t seems prudent to mon|tor the results at the beg|nn|ng of the test as weII as at
the end. It is lpaintle

D.4 Informative test combinations for connector cavities and lead connectors

D.4.1 General

The test combinations and voltages specified in Annex C were selected to ensure function and
interchangeability of lead connectors and connector cavities. Other test combinations could be used by
manufacturers to evaluate isolation of connector contacts in areas other than the seals such as to evaluate
performance of specific design features or manufacturing processes. The need for such testing and the details
of the test method should be defined by each manufacturer. Some suggested combinations are described
inD.4.2to D.4.4.
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Testing of the connector for voltages or currents which could be induced by internal or external defibrillation
was considered to be outside the scope of this International Standard. Requirements for induced voltages are
dependent on the design of the leads and pulse generators and other system factors. Even though this
International Standard does not address this, the test methods of Annex C could be useful for evaluating
four-pole connectors under induced voltages as described in D.4.5. The need for such testing and the details
of the test method should be defined by each manufacturer.

D.4.2 High voltage (DF4) connector cavities

Combinations additional to those specified in Table C.4 could be used to evaluate high voltage isolation
between connector cavity contacts related to wire routings or other design aspects other than sealing.

for t
coul

wherg the can of the pulse generator could be configured as high voltage relative to thepin‘Conng

D.4.3 Low voltage only (IS4) connector cavities used in high voltage devices

The ethods described in C.3 could be used to evaluate low voltage only connector cavities us

capa
which
ring 3
gene

D.4.

The fnethod described in C.2 could be used to evaluate-low voltage only lead connectors, part

that
if sud
conn
conn
relati

D.4.

Lead
indudg
Many
poter
appli
test V

specific components or features they want to evaluate. For example, the combination.pi
be used to evaluate isolation of the septum (grommet) which might be particularly importa

ble of delivering high voltage output. Manufacturers should decide, ifvSuch testing is app

to reference could be useful to evaluate the isolation and sealing in devices where the car

I Low voltage only lead connectors

night be used in pulse generators capable of delivering high voltage output. Manufacturers s
h testing is appropriate, and which combinations and voltages to use for test. For example
bctor contacts relative to a reference electfode could be useful to evaluate isolation integri
bctor by simulating a system where the.can of the pulse generator could be configured as
e to the low voltage connector contacts.

b Induced voltages on four-pole connectors

connectors and connector cavities, both high voltage and low voltage only, could be
ed voltages from othér electromagnetic environments such as internal or external
facturers may consider using the dielectric strength test procedures provided in Annex C to
tial effects of induced voltages on four-pole connector designs. Manufacturers should

oltages for each combination are presented in Table D.1.

Table D.1 — Suggested tests for evaluating induced voltages on high voltage
and low voltage only lead connectors and connector cavities

to-reference
t for devices
ctor contact.

ManJfacturers should decide which combinations and test methods (number of pulses, eic.) a‘r{ appropriate

bd in devices
Fopriate, and

combinations to test given their particular device design. For example, testing pin to referepce or testing

of the pulse

rator could be configured as high voltage relative to the low voltage only connector cavity contacts.

cularly those
hould decide
testing lead
y of the lead
high voltage

subjected to
defibrillation.
evaluate the

decide the

Cable combinations and number of pulses used for such an evaluation. Possible test combinations and

Pin Ring 1 Ring 2 Ring 3
Reference 1200V 1200V 1200V 1200V
Pin 500 V 500 V 500 V
Ring 1 500 V 500 V
Ring 2 500 V

Data collected by the AAMI EMC task force developing ANSI/AAMI PC69 indicate potentials of no more than
1200V could be induced on a device during external defibrillation. A conservative estimate for voltage
induced on any pair of electrodes during internal defibrillation is half the maximum voltage delivered or 500 V.
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Ten (10) test pulses at each combination should be sufficient to reflect the number of shocks typically
delivered by an external defibrillator (seven shocks plus a safety factor).

Manufacturers could use high voltage protection circuits that will reduce or prevent the presence of induced
potentials in four-pole connectors.
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Annex E
(normative)

Current-carrying test high voltage types

General

This
(qual
equiv

prac
the

E.2

Lead

E.3
Use
Figur
minin

Disch
18 m

Allow

E.4

The
carry

WAj:lING — The following test employs high voltages and currents. Failure‘{o use saf

Annex describes the test to be employed to determine compliance with 4.3.8 and 4.5.8. 7
fication) test and is not intended to be used as a routine production test. The manufacty
alent test methods. However, in case of dispute this test method shall be used.

ices might result in severe electrical shock, causing personal injury ordeath to persd
uipment or conducting the test. Damage to electrical equipment is@lso possible.

Specimen preparation

connectors and connector cavities for the test shall be in the*as-shipped condition.

Test signal
b test circuit that conforms to Figure E.2 for\léad connector testing and a test circuit that
e E.3 for the connector cavity testing. Charge the (200 = 10 %) yF capacitor to a voltag
hum.

arge the capacitor through the contact being tested and the series power resistor for a

3

D.

a 10 s nominal interval between successive capacitor discharges.

Equipment

est equipment shall consist of the current-carrying test pin as shown in Figure E.1 and
ng test arrangement as shown in Figure E.2 or Figure E.3.

his is a type
rer may use

b laboratory
ns handling

conforms to
e of 1000V

minimum of

the current-

E.5

LLead connector testing

E.5.1 General

This procedure evaluates ability of the contacts and conductors in the lead connector to withstand the current
associated with high voltage therapy.

E.5.2 Lead connector current-carrying capacity test method

Perform the test at 37 °C + 5 °C while the lead connector is dry. Use a test circuit that conforms to Figure E.2.
Connect to the external surface of the ring contact to be tested. Complete the circuit by connecting to the
conductor corresponding to the contact at a location distal to the strain relief zone as defined in Figure 1.

©I1SO
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NOTE The connection to the conductors distal to the strain relief zone can include part or all of the lead body
resistance.

Use the test signal for lead connectors from E.3. Select a series power resistor (R4) and peak capacitor
voltage as necessary so that the peak circuit current (Ipeak) is 50 A minimum when measured at 4 ys into the
pulse.

Apply a minimum total of 500 test voltage pulses separately to each of the following lead connector contacts:
contact ring 2 and contact ring 3.

Do not apply pulses to open or low voltage contact rings.

Dimensions in millimetres

0,4 +0,05

B /b
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X
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a8  The diameter/and a surface finish of Ra 0,8 minimum applies in this zone. Geometry beyond the minimum lerjgth is
determined by| €ach manufacturer.

 J
A

®1,37 0,03

b Material 316L stainless steel (entire pin).

Figure E.1 — Current-carrying test pin
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E.5.3 Acceptance criteria

After

testing, the following acceptance criteria shall be met:

a) the lead connector shall meet the electrical isolation requirements of 4.3.6;

b) the lead connector shall meet the dielectric strength requirement of 4.3.7 as verified for ten pulses at each
polarity;

c) the lead connector shall meet the requirements of 4.2.1.5 with the exception of the surface finish
requirement;

d) t

e) t

he electrical current after 4 us into the pulse shall be 50 A minimum;

erified for the first and last test pulses.

he voltage drop across the 1 Q measurement resistor shall be exponential accarding to Figure E.4 as

ey

10 kQ £10 % RiQ
e
ﬁ 4

200 pF +10 :/: V1, peaic2 1 KV

5] e

1Q0+1% Vi

Key
1 1|kV minimum power supply
2 opcilloscope
3 Igad connector
4 rihg 2 and ring\3 ctontacts
5 vopltmeter
Figure E.2 — Lead connector current-carrying test set-up
© 1SO 2010 — All rights reserved
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o b WOWN -~

where

42

10 kQ 10 % RiQ

{ N AN\

200 pF £10 %) vy e = 1 KV

6 ol lpeak 290 A

10Q+1% Vs

1 kV minithum power supply
oscilloscope
current-cdrrying test pin
connector|cavity

ring 2 andring 3 contacts
voltmeter

Figure E.3 — Connector cavity current-carrying test set-up

V2, peak —|

Vo

4 s 18ms t

- _ L
V2= Vapgak © (Ej

v, is the voltage across the measurement resistor;
szpeak is the peak voltage as measured at 4 ps into the pulse;
t is the time;

R is the total circuit resistance;

is the circuit capacitance.

Figure E.4 — Voltage across the 1 Q measurement resistor during a pulse
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Connector cavity testing

E.6.1 General

86:2010(E)

This procedure evaluates the ability of the contacts in the connector cavity to carry currents associated with
high voltage therapy.

E.6.2 Connector cavity current-carrying capacity test method

Perform the test at 37 °C £ 5 °C while the connector cavity is dry. Install the current-carrying test pin, which

confgrms—te—Figure-E-4—inte—the—econneecter—eavity—and—fasten—with—the—seedurirg—meehanism that the
manufacturer has provided for clinical use (e.g. set screw, leaf spring, collet). Complete the glegtrical contact
to thg current-carrying test pin as shown in Figure E.3 and to the end of the feedthrough that enters the pulse
genefator (or the electrical equivalent).
Use the test signal for a device connector cavity according to E.3. Select a series\power resistor (R,) and
peak|capacitor voltage as necessary so that the peak circuit current, Toeak: is 50°A ‘'minimum when measured
at 4 Js into the pulse.
Apply a minimum total of 200 test voltage pulses to each of the following connector cavity contac}s: ring 2 and
ring 3. Measure the resulting voltage across the capacitor (V1,peak) and use an oscilloscopeg to measure
voltage (V,) across the 1 Q measurement resistor (R,).
Do not apply pulses to low voltage or open contacts.
E.6.3 Acceptance criteria
E.6.3.1 The peak voltage across the 1 Q measurement resistor shall be as follows as verifigd for the first
and last test pulses:
(V1 peak x1 Q)
2 >———————"and V. >50V E.1
2,peak (R1 ) Q) 2,peak ( )

wherge

(1 peak is the peak voltage measured across the capacitor, expressed in volts (V);

(2peak IS the peak voltage across the 1 € measurement resistor as measured after 4 ys into the pulse,

expressed in volts (V);

R, is the set value of the series resistor, expressed in ohms (Q).
E.6.3.2 The voltage drop, V,, across the 1 Q measurement resistor shall be exponential [according to
FIgU EA4-as-verified-for-thefirstandHasttest pubce.
E.6.3.3 After application of current, the maximum force required to fully withdraw the test pin shall not
exceed 14 N.
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Annex F
(informative)

Rationale for Annex E

F.1 Rationale for performing a current-carrying test

An implanta
contact bet
to the patie
required, su
defibrillation

The Connec
resistance r
carrying test
evaluates th

This test is a

F.2 Test parameters

A capacitor ¢
and easy to
experience ¢

A 200 uF c3
manufacture

The number
far in excess

The number
severe but cl

A peak circu
severe but cl

A minimum

le defibrillator system relies on the ability of the connector cavity to make sufficient, éle
en the pin on the lead connector and the defibrillator generator to carry the defibrillation*c
with minimal resistive losses. If the contact is too resistive, or is unable to handle|/the ¢
ficient power might be dissipated in the connector assembly causing damagé’to it, g
utput might be reduced to the point where it is ineffective.

J

or Task Force agreed that passivated stainless 316L stainless steel, exhibiting higher cq
dings of the commonly used materials, would be the appropriate matérial to use for this cu
vehicle as the “worst-case” test pin. For the connector cavity the current-carrying test indi
high voltage contact resistance.

r
r

bplicable to ring 2 and ring 3 connections that are used for high*voltage therapies only.

ischarge test was selected to provide a means’,of delivering high peak currents in a repea
implement, fashion. It also represents the-waveform that the test assembly is expect
inically.

pacitor was selected to provide A00J of stored energy, which is far in excess of whg
's contemplated using.

of test cycles selected for the‘lead connector was a minimum of 500 because it was consid
of what is expected to be experienced clinically in any one patient.

of test cycles selected for connector cavity testing was a minimum of 200, based on a
nically possible sitaation.

it current of 60 A was selected based on a 20 Q defibrillation load in order to represent g

8 ms'capacitor discharge time was selected to ensure that the capacitor would be disch

99 % on a 2(

nically péssible situation.

&’Joad under normal conditions; 18 ms is intended to be a longer discharge time than the t

monophasic or biphasic defibrillation.

trical

rrent
rrent

r the

ntact

rent-
ectly

able,
ed to

t the

ered

very

very

rged
pical

Peak voltage drop is measured after 4 ys into the pulse to avoid transients. This results in minimal error since
the 4 us represents only 0,1 % of the capacitor discharge, which corresponds to approximately 0,05V for a

50 V measur

ement.

The 10 s nominal interval between capacitor discharges allows flexibility in testing and is being specified for
resolving potential disputes. The experts participating in the development of this International Standard agreed
that testing with smaller or longer time intervals would be adequate.

44

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=3d6bda34d8b99ad5365878fd5d38cf4f

F.3

ISO 27186:2010(E)

Voltage drop across contact for the connector cavity

The resistance between the connector cavity and lead connector pin should not exceed 1 Q during the
delivery of the high voltage defibrillation. For two connectors in series with a typical heart load of 40 Q, this
represents a 5 % loss in output voltage from the device. Any greater voltage loss was considered to be highly
undesirable.

Verification that the voltage drop during a pulse is exponential is to confirm acceptable electrical performance
over the duration of the pulse.

Measurement of the voltage drop across a fixed 1 Q measurement resistor, 75, is used as an indirect

meas
stabl¢
resis
ane
low V|

F.4

The

shoc
elect
as a

F.5

A wit

urement of the voltage drop across the connector assembly In order 10 simplify testing an

readings. A requirement that 75 seax > (V4 peak X 1 Q)/(R4 +2 Q) corresponds to a_cohn
ance of less than or equal to 1 Q. Likewise an exponentlal drop across the measurement re
ponential drop across the connector assembly. A 1 Q measurement resistor was selected
pltage reading.

Post-test requirements for the lead connector

ead connector should be capable of delivering 50 A minimum péak current during 500
s without functional or dimensional damage. A post-test verification of the dimensional
ical isolation and dielectric strength is to confirm that no functienal or dimensional damage
esult of the high current pulses.

Connector cavity post-test withdrawal force

hdrawal force requirement at the end of the test is included to check that the connector @

assembly have not become welded together.

obtain more
bctor system
sistor reflects
0 maintain a

defibrillation
equirements,
has occurred

avity/test pin
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Annex G
(informative)

Lead connector fatigue strength test

G.1 General

Since lead [flex fatigue strength requirements are defined in existing standards (EN 45502-2-1| and
EN 45502-2-R), there are no additional test requirements included in this International Standard. The, follpwing
information, however, is provided to facilitate implementation of the existing requirements and test|methqds to
four-pole leafl connectors.

Figure G.1 defines a holding fixture intended for use in conjunction with the procedures in 235 of
EN 45502-2-1:2003. The holding fixture of Figure G.1 should be made of a rigid material. It should have a
bore depth that is maximally set to the minimum allowed for the applicable connector cavity. The entfance
edge should|be rounded to a radius as shown, and the centre of rotation of flexing should be in the plane
where this rounded edge begins (as also described in EN 45502-2-1).

Dimensions in millimetres

<226
>58 <17,62
< _— = n
LN <.
o Y=
g +
+ ~N
© &
ey s
© v
Y ool
M M
mm
A S Sy
,% A
R
-7

Figure G.1 — Holding fixture

G.2 Rationale for flex fatigue strength testing

Flex fatigue strength testing is performed to ensure that leads can withstand the mechanical stresses that
normally occur after implantation. For the flex test described in EN 45502-2-1 and EN 45502-2-2, the leads
are evaluated at a critical location which is at the interface between the relatively stiff connector cavity and the
relatively flexible lead body.

The four-pole lead connectors defined in this International Standard might be relatively stiffer than similar 1S-1
and DF-1 lead connectors. The reason for this is because four-pole lead connectors have a sealing area that
is relatively rigid (i.e. made up of metal and hard plastic) since the softer sealing elements are incorporated in
the four-pole connector cavity. Additionally, the complexity of the electrical connections necessary for four
contacts places a higher demand on the mechanical and electrical integrity of the lead. Therefore, it is
important that lead connector designs be evaluated for flex fatigue performance to ensure that they will
maintain functional integrity under the flexural stresses that they might encounter in vivo.
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Annex H
(informative)

Lead connector seal zone materials

H.1 General

86:2010(E)

In ortller to allow for design flexibility, this International Standard specifies functional requireménts for the lead
conngctor seal zones, but does not include specific material requirements. However three recommendations

concerning lead connector seal zone material are provided in H.2, H.3 and H.5.

H.2 |Annealing

During the development of this International Standard, measurable seal zone creep exceeding (0,02 mm was
obsefved only when polyurethane test pins or lead connectors werenot properly annealed to remove

moulding stresses.

NOTEH Manufacturers should be aware of the potential for unacceptable creep performance if residugl stresses are

not prpoperly removed from their lead connectors.

H.3 |Hardness

It is fecommended that materials for lead connector seal zones have a minimum hardness o

70 Shore D

(nomjnally) for mechanical considerations. Forelectrical considerations refer to 4.2.1.4 and Clausk B.4.

H.4 |Rationale for hardness

The fecommended minimum hardness for the lead connector seal zone material is based on cohcerns that a
lead fonnector could potentially’become damaged when inserted past the contacts within a conpector cavity.

Because the details of contact design are not specified in this International Standard, it is ng
estaljlish a functional requirement for the lead connector. Since materials softer than 75 Shore
were|not evaluated during the development of this International Standard and might have a gre
for bgcoming damaged by contacts, a recommendation is given to use materials that are 70 Shor
for the seal zones™of the lead connector. Harder materials can also reduce the potential for dam4
durinpg handling-of the lead connector, such as during attachment of temporary electrical connect
implgnt. However, due to its unknown and unbounded nature, inappropriate handling was not 3
this International Standard and should be addressed separately by each manufacturer by th

t possible to
D (nominal)
hter potential
e D or harder
ge occurring
ons made at
ddressed by
eir individual

designsyin product literature  written instructions and/or adequate training

H.5 Use of silicone rubber compounds

It is recommended that the lead connector seal zone surface be of a material other than sil

icone rubber

compounds/composites unless the manufacturer demonstrates that silicone-to-silicone adhesion or bonding

will not occur.
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H.6 Rationale for reccommendation against using silicone rubber
compounds/composites

The recommendation for not using silicone rubber compounds/composites for the lead connector seal zone
surface is based on the fact it has been industry practice to use silicone rubber compounds to fabricate seal
components and it is expected this material will be used for seals in connector cavities. Some silicone rubber
compounds have been known to adhere to each other when in contact, especially under loading conditions. If
lead connector seal zone surfaces and connector cavity seals were both made from silicone rubber
compounds they could adhere to each other, making the lead difficult to remove and potentially damaging the
lead and/or pulse generator.
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Annex |
(informative)

Seal zone creep

.1 General

Sinceg leads might remain implanted for more than ten years and might be used with multiple puls
during the life of the lead, the lead connector should be designed and manufactured™o s
genefator change-outs and function with multiple pulse generators. Thus it is important to ensurg
and functional stability under expected use conditions. In particular, considerationcshould be
integfity of the lead connector seal zones under seal pressures, since compressive.creep or d
thesq areas could prevent proper sealing with a replacement pulse generator.

This |nternational Standard does not include an explicit requirement to control creep performang
bctor seal zone. During development of this International Standardy the experts in the Co
(CTF) evaluated a number of potential requirements intended to centrol creep performang
connector seal zone. Creep testing would ensure that the lead «conhnector seal zones would
deformed to an extent that sealing with a replacement pulse’ generator might be comprg

e generators
urvive pulse
dimensional
given to the
eformation in

e of the lead
hnector Task
e of the lead
not become
mised. After

considerable experimentation, no practical solution was found;\the CTF was unable to develop a satisfactory

and reproducible test method.

Howgver, the data generated in these studies confirmed that existing requirements in this
Stanglard are adequate under specified conditions. Specifically the requirement for maximum ir
indirgctly limits seal pressure by restricting the normal loads that can be applied by the seal

International
sertion force
5 to the lead

conngctor. No exact correlation between seal_insertion forces and seal pressures can be deterinined due to

the vpriation allowed in the seal designs. However, based on intercompany testing of actual lea
genefators, this condition is adequate as:long as sealing mechanisms are passive (i.e. they are
or enhanced after the lead connectors are inserted).

It is recommended that mianufacturers do not incorporate active sealing in their connector cg
tors unless it is demonstrated.that the resulting pressure on the lead connector seal zones do not e
passiye sealing mechanisms. Active sealing is where seals are activated or enhanced after the lead conned
Passije sealing does not have such activation or enhancement and therefore seal pressures are limited by
requirements.

NOTE 2 Itis alsoreecommended that manufacturers take effective measures to ensure their lead connegq
resistant. They should control both design elements and fabrication parameters (including adequate annea
the sqal zones are,robust enough to withstand anticipated seal zone pressures.

.2 [Summary of efforts to develop creep requirements

s and pulse
not activated

vities or pulse
ceed those of
tor is inserted.
insertion force

tors are creep
ing) to ensure

1.2.1 General

During development of this International Standard, several experiments were performed to identify and
quantify sources of variability in creep performance of lead connectors. The results of the two most salient
studies are summarised in this annex. For these studies, the specimens were soaked in saline at 37 °C £ 5 °C
for 30 d to 32 d. Even though creep can be a long-term phenomenon, experience during the development of
this International Standard indicated that when creep was observed on 75 Shore D polyurethane, it presented
within 30 d of soaking in 37 °C saline under loading conditions.
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.2.2 Interchangeability testing

In one study, leads and pulse generators manufactured by three different manufacturers were assembled in
all possible combinations (nine in total). The specimens were soaked in saline at 37 °C + 5 °C for 30 d to 32 d.
The leads were removed from the pulse generators and the depths of the impressions left by the seal rings
were measured using a precision optical measuring system. The depth of the impression was less than
0,02 mm for all specimens.

1.2.3 Design limit testing

The second study used standard test pins meant to simulate a typical lead connector and o-rings meant to
produce sejl pressure considerably greater than would be expected for a practical seal design~These

pressures afe considered greater than expected since they produced frictional drag that would™result in
unacceptable insertion forces in a connector system.

The study wpas performed using creep test pins manufactured in accordance with Figurejl.1) Three s¢ts of
creep test pins were fabricated by three different suppliers. The same grade of polyuréthane materia| was
used for all pins, Tecothane™ TT1075D"). Creep test pins were annealed at 60 °C to 80 °C for 4,0 h minimum.
Experience Has suggested that this annealing schedule is sufficient to fully anneal the'test pins.

1) Tecothane™ TT1075D is the trade name of a product supplied by The Lubrizol Corporation, Wickliffe, OH, USA. This
information is given for the convenience of users of this International Standard and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Dimensions in millimetres
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@  Fpr testing connector cavities that do not utilize the retention groove for fixation, these test pin dimgnsions are for
r¢ference only.

b Diameter and datum@®B-apply to the zone indicated.
¢ Bdy material: Tecethane™ TT1075D moulded polyurethane.
d  Core material:\316L stainless steel.

Figure 1.1 — Creep test pin

Three groups of o-ring were tested. The o-rings met the requirements of AS568-005 (Aerospace Standard 568
published by the Society of Automotive Engineers). Each group of o-rings was moulded with a different
compound of EPDM (ethylene-propylene-diene rubber). Two suppliers provided material with a Shore
hardness of 70A. One supplier provided material with a Shore hardness of 75A.

Four o-rings were placed on each test pin in the approximate location of seal rings in the pulse generator
header. A total of 54 test pins (18 from each supplier) and 216 o-rings (72 from each supplier) were tested in a
balanced design. The specimens were soaked in saline at 37 °C £ 5 °C for 30 d to 32 d. The depth of the
impression made by each seal ring was measured using a video measuring system.

Results are summarised in Figure 1.2.
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Figure 1.2 — Depth of o-ring impressions aftersspecimens were soaked in saline
at 37 °C £ 5 °C for30d to 32 d

statistically significant difference between the three creep test pin suppliers and also betwes
suppliers. These results show that differences in test pin fabrication (for example mould
ding parameters, anneal procedure or other unknown factors) can have a significant effg
mance, even when final dimensions, dimensions of the underlying support pin, and sp

greater than expected for_practical seal designs and testing was conducted using test ping
ht lead connectors could exhibit such variation if not properly processed. Actual lead conne
dditional variation due/to construction details beyond the homogeneous test pins.

ppment-of this International Standard, the CTF considered and rejected a proposed require
hector creep performance. The reason for rejection is described in Clause |.5. The prof

n the
gate
ct on
ecific
sures
,itis
ctors

ment
osed

had' the fnlln\A/ing elements:

a) acceptance limits: when tested in accordance with the method outlined in 1.2.2, creep in the lead
connector seal zone shall be less than 0,026 mm,;

b) statistical basis for acceptance:

X +KS

where

X [

52

< 0,026 mm

s the sample mean;

(1.1)
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K is the one-sided 95/99,9 normal tolerance limit factor;

N is the sample standard deviation.

1.4 Limits on connector cavity seal pressure

During development of this International Standard a proposed requirement for limiting the amount of seal
pressure that a connector cavity could place on a lead connector was considered and rejected. The reason for

rejection is described in Clause 1.5. The proposed requirement had the following elements.

est pin: use a test pin that conforms to Figure I.1. Test pins shall be fully annealed to se
tresses in the polyurethane prior to being used for the test. Anneal at 60 °C to 80 °C for 4,
llowed by cooling in air to ambient temperature.

est samples: connector cavities for the test shall be in the as-shipped condition.

rocedure: verify that the test pin dimensions comply with Figure I.1. Immefse the conne

ieve residual
D h minimum

ctor cavity in

g/l saline solution. Fully insert the test pin into the connector cavity and:fasten the securing mechanism

at the manufacturer has provided for clinical use (e.g. set screw, leaf\spring, collet). After
0 d soaking at 37 °C =+ 5 °C, remove the test pin and measure the(seal contact areas on th
ny deformation caused by the seals. Measure the maximum depth of the deformation usin
agnification.

¢ontact that exceeds 0,02 mm in depth at any location!

Rationale for rejecting proposed requirements for lead connector creef
rmance and connector cavity seal pressure

methpds. Variability in creep perfermance attributable to test pins, o-rings, apparatus and meth
greaff The test pin manufacturer;was the most significant source of variability identified through
testing. The o-ring supplierrwas the second most significant source of variability. The test labora
third most significant souree of variability.

It wopld be possible‘to refine the method by controlling o-ring material and dimensions more clo
be fgasible to perform additional, carefully controlled, designed experiments to better quantify
variapility in _dest specimens, apparatus and methods on creep performance, and to es
specificationtimits. However, the available evidence is insufficient to adequately characterize t
and dpegifieity of the proposed requirements.

minimum of
e test pin for
) appropriate

Acceptance limits: the outside diameter of the test pin shall not exhibit surface deformation due to seal

he proposed
b inadequate
beatable test
ods was too
experimental
tory was the

sely. It might
the effect of
tablish valid
he sensitivity

performance,

it is concluded that, for lead connector designs and processes developed by competent medical device
engineering organizations, potential hazards associated with lead connector creep are adequately controlled
by other provisions of the standard. Existing information in this International Standard is adequate under

specified conditions; specifically, the requirement for maximum insertion force indirectly limits sea

| pressure by

restricting the normal loads that can be applied by the seals to the lead connector. The results of tests

summarised in this annex, particularly the results in 1.2.2, confirm this conclusion.
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Annex J
(informative)

Contact resistance stability

J.1 General

This annex describes a test method for measuring the short-term static no-load contact resistancd
dynamic confact resistance stability of contacts in connector cavities. This test method defines thesmin

applied sid

load/moment, maximum excitation

frequency/regolution recommended for detecting contact resistance intermittencies. Alternative_test me
may be used. This is a characterization test and is not intended for use as a routine production-test.

J.2 Limits for contact resistance

Pulse generator manufacturers should demonstrate that the electrical contaets within their connector
make sufficignt electrical contact with lead connectors under static and dynamic loading conditions suc

and
mum

input (voltage or current)) and minimum, sanppling

hods

Cavity
h that

pulse genergtor function is not compromised. To do this, manufacturers_should first establish acceptable [limits
for (1) statiq no-load contact resistance, and (2) maximum contact resistance variability and a dymamic
threshold time, T, for proper functioning of their specific devices: Then they should perform testipg to
demonstrate(that the contacts in their connector cavities meet these limits.

J.3 Set-up

J.3.1 Spedgimens

The manufagturer should determine the test sample configuration for this test. Internal jumpers may be|used
to monitor c@ntact resistance of one or more contacts at a time. All non-set screw contacts should be tgsted.
Samples under test should be representative of product processed in accordance with typical manufacjuring
operations including test pin insertions.and sterilization cycles.

J.3.2 Test|pin

The test pin Jor contact resistance testing should be made of 35Cobalt-35Nickel-20Chromium-10Molybdgnum
alloy specifigd in ASTM)F562 and should meet the dimensional requirements of the current-carrying tegt pin
specified in Higure E-T: Test pin hardness should be 45 HRC (Rockwell C scale) minimum.

J.3.3 Currenticarrying test equipment

For the current-carrying test used for preconditioning, refer to the equipment and set-up specified in

Figure E.2.

J.3.4 Contact resistance test equipment

The test equipment comprises a mechanical fixture and an electrical tester which can do the following.

a) Apply a minimum moment equivalent to the moment supplied by a 1 N side load at the bore entrance. A
fixture is required to hold and stabilize the connector cavity while applying a rotating side load to the test
pin. One example is a fixture with a rotating handle with spring load applied perpendicular to the test pin
as shown in Figure J.1.
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b) Measure the manufacturer's specified contact resistance and dynamic contact resistance variability above
the manufacturer's specified threshold time. The sampling frequency of the equipment should be
> 1 sample per degree of rotation of the side load or > 2/T, where T is the threshold time requirement
defined in J.2. The equipment excitation input should not exceed 100 mV or 100 mA.

a

A A

e
O

1 2
Key
1 cpnnector under test
2 tgstpin
2  Lpad.
b 3B0° rotation of side load.

Figure J.1 — 360° rotation contact resistance fixture

J.4 [Procedure

J.4.1 General

The test procedure consists-of three steps in the following sequence:
— preconditioning;

— gtatic no-load, contact resistance;

— dynamic;contact resistance stability.

J.4.2 Preconditioning

The object of preconditioning is to appropriately precondition the connector cavity under test by simulating
multiple lead insertion/withdrawal cycles and other appropriate known stresses that the contacts might
encounter during service. To precondition, fully insert and withdraw the maximum connector cavity gauge pin
(Figure 9) from the connector cavity one time. Then expose the high voltage contacts of high voltage cavities
to the current-carrying test in Annex E for a minimum of 20 pulses.
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J.4.3 Static no-load contact resistance

J.4.3.1

Objective

To measure the short-term static no-load contact resistance between each connector non-set screw contact
and the test pin.

J.4.3.2 Method

Perform the test dry in air at room temperature as follows.

load comtact resistance. It is recommended that the static no-load contact resistance for each {

a) Clean th
connect
b) Fully in
mechan
c) With no
contact
contact
J.4.3.3 Ac

The static nq
proper functi

J.4.4 Dyng

J.4.41

To evaluate
pin with a radg

J4.42 Me

NOTE
testin J.4.3.

It

Perform the fest dry in air@t-room temperature as follows.

Ohjective

e contact resistance test pin with isopropyl alcohol and allowed to dry before insertion cint
br cavity. Wear clean laboratory gloves when handling the clean test pin to avoid contaminat

sert the contact resistance test pin into the connector cavity. Do not actiyate ‘the fi
sm (e.g. do not tighten the set screw). Mount the connector cavity in the fixture idéscribed.

load or motion applied to the test pin, use a four-wire (or equivalent) method to measun
esistance between the test pin and each intended contact. This measudred value is the stat

be determined from an average of at least 100 data points.

ceptance criterion

-load contact resistance should not exceed the manufacturer's predetermined requiremen
bn of the device.

mic contact resistance stability

he dynamic contact resistance stability of the connector cavity contacts using a fully inserte
ially applied side load.

thod

s not necessary to repeat-steps a) to c) if already performed as part of the static no-load contact resis

e contactresistance test pin with isopropyl alcohol and allow to dry before inserting inf]
br cavity: Wear clean laboratory gloves when handling the clean test pin to avoid contaminat

o the
ng it.

ation

e the
C no-

pring

ts for

i test

tance

D the
ng it.

Do _no activate the fi

ation

tert’ the cantact resistance test pin inta _the caonnector r‘nvity

mechanism such as by tightening the set screw. Mount the connector cavity in the fixture described

applied moment should be equivalent to a 1 N side load applied at the bore entrance.

Apply a side load to the test pin relative to the connector cavity as shown in Figure J.1. The minimum

With the side load applied, monitor the resistance on the contact(s) of interest while completing a

minimum of three full clockwise handle rotations then reversing direction and completing a minimum of
three full anticlockwise handle rotations. The duration of each full rotation should be between 2 s and 5 s.

a) Clean fth
connect

b) Fully in
in J.3.4.

c)

d)
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J.4.4.3 Acceptance criteria

The maximum dynamic contact resistance and contact resistance fluctuations should not exceed the
manufacturer's predetermined requirements of threshold time, 7, (in seconds) and contact resistance
variability, £2, for proper function of the device.
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Annex K
(informative)

Rationale for Annex J

K.1 General

Annex J des
test method
in selecting
parameters (

The commo|
defibrillation
in 4.5.8 and
and measure
all contacts i

K.2 Limits for contact resistance

A contact res
surfaces hay
contact resis
Standard wil
during the de
of the same
design, whid|
contact perfq
test to ensur

K.3 Ratio

K.3.1 Prec

Contact resi

insertions aré expectedvin normal use. The test pin is being used to simulate a lead.

K.3.2 Stati

cribes a test method for evaluating connector cavity contacts used in four-pole connectors
has been used to identify contact design performance differences that were deemed mean
an appropriate contact for use in a particular system. This annex lists the rationale fg

h feature that is mandated by this International Standard is the delivery of high vg
therapy on the high voltage leads. The contact performance for this therapy'is tested as de
Annex E. The testing described in Annex J is intended for low voltagetsignals of various th

5 required.

f the test method described in Annex J.

ment features, some of which might reside on high voltage designated contacts, thus test

istance test method is specified in Annex J. The material properties and geometry of lead cqg
e been specified elsewhere in this International\Standard in terms of the attributes that
tance, so that a device manufacturer can bgzsure that leads conforming to this Interna
have a minimum level of performance in terms of the lead-to-device contact interface. How
velopment of this International Standardyxit-was recognised that individual spring contact de
material can have different contact resistance and intermittency performances specific to
h is not tested elsewhere in this International Standard. Since the device features and s
rmance both reside in the device-it is recommended that each device manufacturer perfq
e that the contact resistance and stability are acceptable for the performance of their device.

hale for method

pnditioning

stance requifements should be met after simulation of typical stress conditions. Multiple

cno-load contact resistance

This
ngful
r the

ltage
fined
Brapy
ng of

ntact
bffect

fional

ever,
Signs
their
pring
rm a

lead

A 35Cobalt-35Nickel-20Chromium-10Molybdenum alloy test pin meeting the dimensional requirements of
Figure E.1 is recommended. The test pin material was chosen to represent lead connector materials that meet
the other requirements of this International Standard and provide consistent contact resistance results. If
individual manufacturers plan to use other lead connector materials, they are advised to perform a similar test
with those lead connector materials in addition to the 35Cobalt-35Nickel-20Chromium-10Molybdenum alloy.
The minimum hardness of the test pin was chosen to ensure that it is a worst-case representative of the
acceptable lead connector material. Test pins greater than 45 HRC have been shown to cause increasing
variation in contact resistance after multiple insertion cycles.
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K.3.3 Short-term dynamic contact resistance stability

K.3.3.1 General

The set screw (or other active retention mechanism) is not tightened, to allow for movement that can occur
with passive retention mechanisms or with lead connectors that have a rotating pin. This test is based on the
expectation that some level of motion between the spring contact interface and the lead contact surface can
occur. The actual magnitude of this motion is a function of many factors including but not limited to: applied
external load, lead design/stifiness in the strain-relief zone, connector cavity seal design, spring contact
design, and overall structural integrity of the connector cavity. The impact of this motion on electrical stability
might be a critical factor for some features and might be highly dependent on the spring contact design. This
test i§ defined 1o evaluate the performance of candidate contact designs Tor sensitivity To refafive inotion.

K.3.3.2 Minimum applied load

The 1 N minimum side load applied at the bore entrance was chosen based on reported physiglogic loading
and tp be consistent with the electrical isolation testing. See Annex D for rationale.

K.3.3.3 Maximum applied voltage

The maximum applied voltage of 100 mV nominal was chosen to_enable detection of contaft resistance
intermittencies, based on experience gained during the developmentof this International Standarg.

K.3.3.4 Maximum applied current

The maximum input current of 100 mA was chosen to emable detection of contact resistance infermittencies,
basefl on experience gained during the development ofithis International Standard.

K.3.3.5 Sampling resolution

The $ampling resolution of at least one sample per degree of rotation, or at least 2/T (where T is the threshold
time fequirement), was chosen to enable detection of intermittencies.

K.3.3.6 Equipment

The ¢quipment recommendation includes a simple fixture and equipment that is commercially gvailable at a
reasgnable cost. Experience gained during the development of this International Standaﬂ: led to the
development of a manually’rotated fixture to avoid electrical noise that might be introduced by a motor.

Several commercially‘available digital multi-meter (DMM) units are suitable for this test. Two examples of units
used|during the-development of this International Standard are the following:

pproximately 13 Hz sampling rate;

a) % DMM-used in a dry circuit mode with 20 mV open circuit voltage and 100 mA maximun current with

b) a DMM used in a dry circuit mode with 100 mV open circuit voltage and 10 mA maximum current with
approximately 360 Hz sampling rate.

Experience gained during the development of this International Standard indicated that lower voltages
enabled detection of contact resistance intermittencies and that the voltage should not be greater than
100 mV nominal. A four-wire measurement method (or equivalent) should be used to measure contact
resistance between the test pin and spring contact, subtracting test cable resistances which might be of the
same order of magnitude.

The sampling rate and handle rotation rate should be coordinated for a minimum sampling resolution of one
sample per degree of rotation, or at least 2/T (where T is the threshold time requirement). Examples include
rotating the handle at a rate of 1 cycle/min with a sampling rate of 13 Hz, or rotating the handle at a rate of
0,8 cycles/s with a sampling rate of 360 Hz.
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Annex L
(informative)

Selection of contact materials

L.1 General

Careful cons
within the cq
connector ¢
consideratior
and Annex N
interfaces in
performance

L.2 Poten
Several factq
connector sy

contacts of tH

Material
applicab

Contam

Interface
should b

Interface
inapprog

Device ¢
Fluid ingd
device-t

charactd

Electrics

nnector cavity and for the lead connector, e.g. lead connector rings, lead connector pir
pvity contacts. At a minimum, materials for electrical contacts should be _selected
for electrical performance and corrosion resistance as described in Annex J, Apnex K, Anr
. Manufacturers should also consider possible system level interactions of electrical contact
cluding mechanical, electrical and electrochemical variables that could ‘affect the ¢
of the mated connector system.

tial system level considerations

rs are believed to affect the electrochemical performance.ofielectrical contacts within the 1
stem, particularly that of metal spring contacts in the .cohhector cavity and their interfacs
e lead connector. These factors, at a minimum and inno particular order, are as follows.

selection: including the connector cavity contacts, mating lead connector contacts a
le, the connector blocks within which the conngetor cavity contacts reside.

nation: either in the material and/or on the.surface of the material at the contact site.

geometry: multiple contact pointscate preferred, the normal force should be considered and
e taken to minimize asymmetric loading.

surface morphology: surface roughness on either side of the interface might gen
riate particulates that could potentially become entrapped between the mating surfaces.

ress: system{lével testing of the interface should involve some controlled ingress of fluid in
b-lead connector cavity area. Neither a zero fluid or open fluid situation is sufficient to adequ
rize the performance.

device

onnector cavity geometry: lead bore should sufficiently constrain/stabilize the lead connectoy.

ideration should be made when selecting the conductive materials for the electrical corltacts

and
with
ex M
5 and
inical

hated
with

nd, if

care

erate

o the

ately

each

| parameters: pacing, shocking, polarity and/or the unique electrical characteristics of

4

Imple,

reversing the polarity of the shocking pulse might drive corrosion preferentially to one side of the interface,
i.e. the lead connector conductor versus the device connector cavity contact.

It is for these reasons that the Connector Task Force recommends that manufacturers perform system level
testing relative to mechanical, electrical and electrochemical variables to assess short- and long-term

performance
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L.3 Additional considerations

During the development of this International Standard, several observations were made regarding the
performance of lead connector materials. Lead connector contact material selection should consider

35Cobalt-35Nickel-20Chromium-10Molybdenum alloy specified in ASTM F562, which, during the

development

of this International Standard, was evaluated to have acceptable performance by multiple manufacturers.

Regardless of any references here, the materials used should meet all requirements of this
Standard, including the requirements of Annex M.

During the development of this International Standard various grades of titanium specified in
were evaluated to a limited degree without conclusive results.

International

ASTM B348

Gradg 316L stainless steel material specified in ASTM A276 was also evaluated as a lead conn
matefial. Contact resistance testing specified in Annex M resulted in contact resistance (levels
above the requirement limits. Crevice corrosion testing specified in M.3.2 resulted in-pitting p
than [200 mV against a saturated calomel reference electrode, SCE. 316L stainlesssteel is
recornmended based on these test results.

ector contact
significantly
ptentials less
herefore not

During the development of this International Standard, connector cavity spring ¢ontact assembli¢s composed

of 316L stainless steel external housings and 35Cobalt-35Nickel-20Chromium-10Molybdenum
coil gpring contacts also exhibited higher contact resistance variability‘than similar-design s
assemblies which used 35Cobalt-35Nickel-20Chromium-10Molybdenum-alloy for both the exte
and $pring contact. However, previous industry experience shows that some applications with
lead gonnectors and connector cavities exhibited acceptable performance.

alloy canted
bring contact
rnal housing
low voltage
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M.1 Gene

Annex M
(normative)

Lead connector contact material requirements

ral

This annex cliescribes the requirements and test method for evaluating contact materials used on _thg lead

connector. It

a) surface

covers three separate but related material requirements:

to a reference electrode; this requirement is described in M.2;

b) corrosio
COrrosio

c) hardnes

M.2 Contact resistance

M.2.1 Requirement

The average

tested in acc

brdance with M.2.3 and the associated references.

5: maximum hardness for materials used for the lead connector contacts is defined in M.4.

contact resistance: contact resistance properties of the conditioned surface when-contact is made

N: corrosion resistance of the material surface when tested in multiple tests to ensure accegtable
n resistance of the lead connector surface; this series of requirements.is-described in M.3;

values of the surface contact resistance shalt'be below the curve shown in Figure M.1 when
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Figure M.1 — Cross-rod resistance requirement — Force versus resistance

M.2.2 Test samples and preconditioning

Preconditioning of\4€st samples shall include simulation of manufacturing processes including| sterilization.

Contfct resistance-fequirements shall be met by the lead connector in the condition intended for implant.
Preconditioning shall also to include an additional soak in 60 °C aerated de-ionized water for 10 d minimum.

The gurfacereondition of the lead connector test sample shall represent normal manufacturing prqcessing, e.g.
macHining; chemical cleaning, etc., and shall include sterilization cycles. Actual lead assembligs should be
usedorthistest

M.2.3 Test method

This test is based on a method in ASTM B896. The reference cross wire shall be wrought 35Cobalt-35Nickel-
20Chromium-10Molybdenum alloy specified in ASTM F562 and is considered part of the test fixture. The
cross rod shall have a nominal diameter of 1 mm £ 0,1 mm and shall have a surface finish no rougher than
0,4 ym Ra.

Orientate specimens perpendicular to each other in a “cross” with the contact point of the mating electrode in
the appropriate contact zone of the lead connector.

Support specimens in a V-groove support block to prevent bending due to applied contact load.

© ISO 2010 — Al rights reserved 63


https://standardsiso.com/api/?name=3d6bda34d8b99ad5365878fd5d38cf4f

ISO 27186:2010(E)

Make electrical connections to the test specimens using flexible leads to ensure no stiffening effects of the
lead connections are contributing to the force measured.

Use instrumentation that provides a means for measurement of contact force, contact current, contact voltage
and correlation of the resistance measurement to the force measurement. The maximum open circuit voltage

should be 10

mV and the maximum current should be 100 mA.

This test may be performed using either of the following methods.

a) Automated force/displacement method: bring the electrical contacts together at a rate of 1 mm/min or less
until contact is established. After contact is established, increase the force at a rate of 0,5 N/min until a
load of ;5 N-minimum-isreached:

b) Discrete| loading point method: data should be taken at a minimum of three (3) force values™~"0,10 N,
0,25 N, and 0,50 N (maximum at each level). Data should be taken at the lowest force value fitst anq then
at increasing load values. Resistance measurements should be taken within 10 s of the\applicatijon of
each logd value.

NOTE When using a weight scale for testing, the three force values should be converted pfior to testing.

M.3 Corrosion

M.3.1 General

The corrosiop requirements herein are for the selection of materials, for lead connector contacts. All matgrials

utilized for tgsting should represent the bulk and surface chemical and metallurgical conditions of the actual

components ffo be used in the final device.

M.3.2 Corrpsion resistance to localized or creyvice corrosion

M.3.2.1 General

This requirement applies to all metals and._alloys considered for use as lead connector contacts conform|ng to

this Internatipnal Standard. It involves testing based on methods in ASTM F746 for the determination of pitting

and crevice (

All materials
components

Test description: all applicable test equipment, sample fabrication, test electrolytes and test procedures s

be made in 4

orrosion of metallic implantymaterials.

to be used in the final device.

ccordange with ASTM F746. The following modifications may be made.

ele¢trolyte should be nominally 9 g/l saline at 37 °C £ 2 °C.

utilized should représent the bulk and surface chemical and metallurgical conditions of the actual

hould

FE collar dimensions and collar material can be changed to represent actual components'

chemistry and crevice geometry. The collar crevice should face upwards in order to account for gravity

a) The test
b) The PT

effects.
M.3.22 Ac

ceptance criterion 1

Critical potentials for pitting or crevice corrosion shall be equal to or higher than 200 mV against an SCE
(saturated calomel electrode).
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