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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting- -Publication as

| Standard requires approval by at least 75 % of the member bodies casting avote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 150, Implaats for surgery, Subcommittee S
Lilar implants and extracorporeal systems.
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Introduction

This part of ISO 25539 has been prepared in order to provide minimum requirements for endovascular
devices and the methods of test that will enable their evaluation. It is the second part of a proposed three-part
standard. ISO 25539-1 addresses endovascular prostheses and ISO 25539-3 will address vena cava filters.
ISO/TS 15539, from which this part of ISO 25539 is derived, serves as a rationale for the requirements of this

- i ificati W v y i i ifyi
reqlirements for these devices and listing the potential device and clinical failure modes. Tests

the design

were then

identified to address each of the failure modes. The requirements provided in this part of ISO\2553P are based

on that assessment.
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Cardiovascular implants — Endovascular devices —

Part 2:
Vascular stents

1

11

kno
des
sho
perf

NOT
relaf
stan
avai

1.2
or g
ster

pereability of the uncovered stent are within-the scope of 1ISO 25539-1. The stent design migh

nee

1.3
dep

1.4
dev

1.5
doc

1.6
not

1.7
eva

Scope

vledge. With regard to safety, it gives requirements for intended performance, design attributes
gn evaluation, manufacturing, sterilization, packaging and information Supplied by the man
ild be considered as a supplement to I1SO 14630, which specifies general requireme
prmance of non-active surgical implants.

E Due to the variations in the design of implants covered by this'part of ISO 25539 and in some cas
ively recent development of some of these implants (e.g. bioabsorbable stents, polymeric stents
dardized in vitro tests and clinical results are not always available. As further scientific and clinical
able, appropriate revision of this document will be necessary.

The scope of this part of ISO 25539 includes vascular stents used to treat vascular lesions ¢
t such as drug and/or other coatings. Stents covered with materials that significantly
H to address functional requirements identified in both ISO 25539-1 and this part of ISO 25539.

Delivery systems are included in this part of ISO 25539 if they comprise an integral compg
oyment of the vascular stent.

Procedures and devices used prior to the introduction of the vascular stent, such as balloon
ces, are excluded from the/scope of this part of ISO 25539.

Some pharmacological aspects of drug eluting stents are addressed in this part of ISO 255
Ument is not comprehensive with respect to the pharmacological evaluation of drug eluting sten

Degradation and other time-dependent aspects of bioabsorbable and polymeric stents and ¢
hddressed by this part of ISO 25539.

With the exception of sterilization, this part of ISO 25539 does not address requireme

This part of 1SO 25539 specifies requirements for vascular stents, baséd” upon currgnt medical

5, materials,
ufacturer. It
nts for the

es due to the
, acceptable
lata become

r stenoses,

ther vascular abnormalities. These devices might or might not incorporate surface modifications of the

modify the
dictate the

nent of the
angioplasty
39, but this
ts.

oatings are

nts for the

uation of animal tissue products.

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

10993 (all parts), Biological evaluation of medical devices

ISO 11135-1, Sterilization of health care products — Ethylene oxide — Part 1: Requirements for development,
validation and routine control of a sterilization process for medical devices

© 1SO 2008 — All rights reserved
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ISO 11137-1, Sterilization of health care products — Radiation — Part 1: Requirements for development,
validation and routine control of a sterilization process for medical devices

ISO 11607 (both parts), Packaging for terminally sterilized medical devices

ISO 14155 (both parts), Clinical investigation of medical devices for human subjects

ISO 14160, Sterilization of single-use medical devices incorporating materials of animal origin — Validation

and routine

ISO 14630,

control of sterilization by liquid chemical sterilants

Non-active surgical implants — General requirements

ISO 14937,
agent and t

ISO 14971,

ISO 17665-
validation a

3 Terms and definitions

For the purposes of this document, the terms and definitions in ISO 14630 and the following apply.

NOTE b

3.1

balloon-assisted deployment

use of a ba

3.2
balloon wi
cross-sectig

NOTE [

3.3
delivery s
system or

NOTE 1

or mechanically activated 'systems.

3.4
determine

Sterilization of health care products — General requirements for characterization of a_ steril
he development, validation and routine control of a sterilization process

Medical devices — Application of risk management to medical devices

1, Sterilization of health care products — Moist heat — Part 1: Requirements'\for the developm
nd routine control of a sterilization process for medical devices

ench and analytical tests are described in Annex B. Reportable clinical events are defined in Annex C.

loon to facilitate the complete deployment (or'expansion) of a self-expanding stent

nging

nal shape of the balloon when deflated which can cause problems during withdrawal

Examples include stent migration,"damage to host vessel or balloon, and inability to remove the balloon.
tem

echanism used to-deliver the stent to the targeted position and to deploy the stent

'he delivery system is removed after stent placement. Examples of delivery systems include balloon cath

zing

ent,

bters

to quantitati

\vely appraise or analyse

NOTE

3.5
dogboning

Also see evaluate (3.8).

dumbbell-shaped balloon observed during stent deployment when the unconstrained ends of the balloon
expand beyond the dilated stent outer diameter

© 1SO 2008 — All rights reserved
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3.6
coating
organic or inorganic material, other than living cells, intentionally applied by a manufacturer to a substrate

NOTE This coating can be intended to be permanent or temporary, and can be applied to the external and/or internal
surface.

3.7
drug content
amount of drug present on the surface(s) of a coating, as part of a coating or within the stent

3.8
evajuate
to gpalitatively appraise or analyse

NOTE Also see determine (3.4).

3.9
lumen reduction
redyiction of diameter or cross sectional area as observed by imaging

3.1¢
repprtable clinical events
conplications, failures or device-related observations, including all.adverse events and adverse dgvice effects,
that|might be observed with clinical use of the stent system

NOTE Examples are listed in Annex C. These events might not have clinical significance and might not be
attriputable to the device.

3.11
stent configuration
sterjt shape (e.g. cylindrical, tapered, flared, cdiled, segmented, bifurcated)

3.12
stent outer surface area
contact area between the stent and.the vessel

3.13
stent-free surface area
per¢entage of surface afeaof cylinder formed by the implant frame, which is not covered by implant material

3.14
stent system
vasgular stentand its delivery system or a vascular stent mounted on the delivery balloon as spegified in the
instfuctions-for'use (IFU)

3.15
vascutar-stent
stent

implant
transluminally placed balloon-expandable or self-expanding implant, which is used to treat vascular lesions by
providing a mechanical support after deployment to maintain or restore vessel integrity

NOTE 1 Stents can or cannot incorporate surface modifications of the stent such as drug and/or other coatings.
NOTE 2  The following stent types are within the Scope of this part of ISO 25539.
3.15.1

articulated stent
stent constructed of segments with distinct connections

© 1SO 2008 — All rights reserved 3


https://standardsiso.com/api/?name=0895da1d326ebd17e1c3f3ce68251986

ISO 25539-2:2008(E)

3.15.2
bare stent

stent without a coating or covering

NOTE

3.16.3

Bare stents can be constructed of single or multiple materials.

bioabsorbable stent

stent that is

3.15.4

designed to be a temporary structure without requiring explantation

balloon-expandable stent

stent wher

balloon cat{eter

3.15.5
coated ste
stent with 3

structural slipport or appreciably reduce the permeability or stent-free surface area of the.bare stent

3.15.6

composite
stent consig
overall stru

3.15.7

covered st
stent cover;
stent-free s

NOTE (

functional requirements identified in both parts 1 and 2 of 1IS©/25539.

3.15.8

drug eluting stent

DES
stent that d

3.15.9

self-expan
stent where
the delivery]

g
N

NOTE
address fung

the diameter is increased from its pre-deployed size to its post-deployed size with the(aid

nt
surface layer of an additional material(s) that does not provide significant {e,g. more than !

stent
ting of more than one material or material compound that provides significant (e.g. more than §
tural support upon deployment

ent
bd with an additional material(s) that appreciably réduces the permeability and/or eliminates
Lrface area of the bare stent

Covered stents are within the Scope of ISO 25539-1. The stent design might dictate the need to adg

plivers a drug(s) over time

ling stent
mechanism in;absence of balloon inflation or other mechanical assistance

elf-expanding stents are within the scope of 1SO 25539-1. The stent design might dictate the nee
tional reguirements identified in both parts 1 and 2 of ISO 25539.

of a

5 %)

b %)

the

ress

the diameter increases from its pre-deployed size to its post-deployed size when released from

d to

4 Gene

41

ral requirements

Classification

A stent shall be designated by its configuration (see 3.11), type (see 3.15), materials of construction, and any
surface modifications, coatings, and/or drugs.

© 1SO 2008 — All rights reserved
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4.2 Size
The size of a stent shall be designated by the following characteristics:
a) external diameter;
1) self-expanding:
i) unconstrained external diameter of the device, expressed in millimetres;

i) intended vessel lumen diameter range, expressed in millimetres;

2) balloon expandable: range of intended expanded internal diameters;

b) |minimum and maximum usable length, expressed in millimetres or centimetres.
4.3| Intended clinical use designation

Theintended clinical use shall be designated by one or more of the following:

a) |abdominal aorta;

b) |arterio-venous shunt for vascular access;

c) |carotid;

d) |coronary;

e) |femoral;
f) [iliac;
g) |popliteal;
h) |renal;

i) [thoracic aorta;

j) |thoraco-abdominal aorta;

k) |tibial;

[) [other arterial vessSels to be specified;

m) |other venouswessels to be specified.

5 [Intended performance

4090 L LL 1
FooUsnarappry:

Th H b Hy ] ] . £
ITCSYUITCTTITTILS TUT TTICTIUTU PeTTulTiiarive Ul

6 Design attributes
6.1 General

The requirements for design attributes of 1ISO 14630 apply. In addition, the following shall be taken into
account:

a) oxidation-potential, the possibility of crevice corrosion, passivation over the relevant parts;

b) fretting, galvanic and pitting corrosion;

© 1SO 2008 — All rights reserved 5
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interface between implant and body:

fixation hooks if present;

relative movement between stent and tissue;

forces exerted by the stent on the surrounding tissue;

forces required to deform the stent if the deformation is permanent;

d) expected ingrowth, penetration, perforation, tilting and migration; introduction and delivery systems.

NOTE These additional items are adapted from Clause 5 of EN 12006-3:1998[5l.

The design|attributes for vascular stents (with or without delivery system) are listed in Table A.2 with refergnce

to the test qections for the evaluation of the design (Clause 8). It is recognised that not all tests identified|in a

category will be necessary or practical for any given stent and/or delivery system. The tests:-Considered [and

the rationalg for selection and/or waiving of tests shall be recorded.

6.2 Deliyery system and stent system

The design| attributes to meet the intended performance of the delivery system shall additionally take |into

account at least the following:

a) the ability of the system to permit consistent, accurate and safe agcéss to the intended location;

b) the abi|ity of the system to permit consistent, accurate and safe deployment of the stent;

c) the ability of the system to permit consistent and safe withdrawal of the delivery system;

d) the compliance of the system with the requirements of ISO 10993-1 and appropriate other parts of| the
ISO 10P93 series of International Standards (biocompatibility);

e) the ability of the system to minimise blood-0ss (haemostasis);

f)  the visipility of the system under fluoroscopy or other technologies.

6.3 Implant

6.3.1 Stent

The design| attributes tomeet the intended performance of the stent shall additionally take into account at

least the following:

a) the ability of the stent to be consistently, accurately and safely deployed;

b) the abltiity ofthe—stenttoensure—effectivefixatiomand—appositiommthe—nternded—tocatiom—wittim the
vasculature;

c) the ability of the stent to maintain adequate integrity;

d) the consistency of the stent dimensions and its design for compatibility for use in specified vessel
diameters;

e) the ability of the stent to maintain adequate blood flow through the lumen (patency);

f) the compatibility of the stent with exposure to magnetic resonance imaging (MRI) fields;

6 © 1SO 2008 — All rights reserved
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g) the compliance of the stent with the requirements of ISO 10993-1 and appropriate other parts of the
ISO 10993 series of International Standards (biocompatibility);

h) the visibility of the stent under fluoroscopy or other technologies.

6.3.2 Coating

The design attributes to meet the intended performance of the coating shall additionally take into account at
least the following:

a)

the thlify of the r‘nnfing to_maintain ndpnllmfn infngrify over time nr‘r‘nrding to dpcign Sy

ecifications

6.3.

The]
incd

The)

(e.g. freedom from significant delamination, flaps and bare spots);

the appropriate interaction between the coating and the stent (e.g. coating influenced, corrg
substrate);

the ability of the coating to maintain adequate resistance to unintended particulate’ generation;

the conformance of the coating dimensions and other coating parameters (e.g. poros
distribution) to the design requirements;

the effect of MRI on the coating of a coated stent (e.g. heating).

3 Drug

design attributes to meet the intended performance_of-the stent if the coating is a drug or
rporated into the stent or coating shall additionally take’into account at least the following:

the ability to reproducibly apply the desired drug,type and amount to the stent;
the ability to release the desired amount:of.drug over the specified amount of time;
the conformance of the residual drug quantity to design specifications;

the freedom of the drug(s)._from deleterious impurity and degradant levels at manufactu
storage;

the appropriate interaction between the drug and the coating and/or the stent to which the drug

the effect of MRI‘on the drug of a drug-eluting stent (e.g. heating).

Materials

requirements for materials of ISO 14630 apply. Additional testing specific to certain materials

polymers. drugs) shall be performed to determine the appropriateness of the material for use in

sion of the

ty, density,

if a drug is

e and with

) is applied;

€.g. metals,

the design.

For example, Nitinol materials dependent on shape memory properties shall be subjected to testing in order to
assess transformation properties. In addition, for drug-eluting stents drug identity testing shall be performed,
including the identification of impurities and degradants. Electro-chemical potentials of differing metals (stents,
guidewires, other accessory devices) might require additional types of testing.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=0895da1d326ebd17e1c3f3ce68251986

ISO 25539

8 Desig

8.1

-2:2008(E)

n evaluation

General

The requirements for design evaluation of 1ISO 14630 apply. A risk assessment shall be carried out and the
requirements of ISO 14971 shall apply.

Justification

NOTE 1

shall be provided for the properties not measured.

All testing might not be appropriate for all stent system designs.

It is imposs
these new

Testing bey
stent syster
performanc

Whenever
appropriate
system sha

The use of
If overlappi

the stent u
for testing

include eva

Testing to
the selecti
should be

NOTE 2
ICH Q1DI7]

8.2 Sampling

A sampling
for each p

delivery system and stent syStem shall be verified to be representative of the devices to be releaseg

distribution

The sampli
each size.
length for

assessment ta’identify the size(s) of the device with the greatest potential for failure.

hs. Consideration shall be given to the failure modes of the stent systems and their effects on
b of the implant in identifying the appropriate testing.

ible to take into consideration all future and emerging technologies. The stent systems basetli on

echnologies will need to be evaluated following the basic requirements of this part of [SO-25
ond the scope of this part of ISO 25539 might also be necessary in order to characterize tH

hanges are made in materials, construction, configuration, application or processing methods
analysis of the potential impact of the change on the failure modes and performance of the 3
| be performed. Appropriate testing shall be conducted as deemed necessary.

h control device for comparison should be considered in the evaluation of certain design attribu

ng of stents can be anticipated in clinical use (e.g. superficialfemoral artery, coronary), integri
mder study in overlapping configurations should be evaluated, unless justification can be prov
pf individual stents. If overlapping with a different device’ is specifically indicated, testing sh
uation with the indicated device.

stablish the labelled shelf-life shall be conducted by repeating appropriate tests. Justification
n of tests shall be provided. For drug eluting\stents, real time and accelerated testing condit
ed to define drug attributes for product shélf life.

dditional guidance for stability testing of driig products can be found in ICH!) Q1ABS! (R2), ICH Q1BI38],

plan shall be utilized which will ensure that adequate representation of the data has been obta
rameter measured: The design characteristics of the stent (including any drugs and/or coatin

J|including all sizes, configurations and components.
g shall fully represent the range of device designs and might not necessarily require the testin

he stent sizes selected for testing shall represent the worst case combination(s) of diameter
chitest. A rationale shall be provided for sample selection. It might be necessary to condud

539.
ese
the

, an
tent

tes.

y of
ded
buld

for
ons

and

ned

gs),
for

g of
and
t an

Sampling shall ensure adequate representation of the expected variability in the manufacture of devices.

For those tests with specified confidence and reliability parameters, the sample size shall have a statistical
basis. For all tests, the number of samples shall be justified.

Internat

1)

ional Conference on Harmonisation guidelines.

© 1SO 2008 — All rights reserved
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All samples shall be subjected to sterilization, including multiple sterilizations, if appropriate, unless
justification is provided for use of nonsterilized products.

Samples shall be subjected to conditions that are normally encountered which might affect the test results.
Conditioning might include loading the stent on or inside the delivery catheter, preconditioning of the stent
system as recommended in the instructions for use (IFU), single or multiple passes through an anatomical
model, and deployment of the stent.

A simulated physiological environment (e.qg. a temperature-controlled water bath) shall be used when

app

8.4

For

fronmp a body responsible for assessing conformity.

ropriate.

Reporting

the purposes of this part of ISO 25539, reporting relates to requests from a national’regulatory

authority or

bsting. This
dentified in
d be based

, should be
ogical, and
and clinical
rovided and

means of

selection of

ely defined

d;

The| test report for the preclinical in vitro testing shall include an executive summary of all t

summary should include identification of tests, with the rationale for the“omission of any tests

Annex B or the selection of alternative tests. The information providedxin®each test report shoul

upoh a prospectively defined test protocol.

A s:l:mmary of results, with acceptance criteria and any potential/clinical significance of the results

inclided and can be in tabular form. Consideration shall be. given to the anatomical, physio

morphological conditions of the intended use in establishing.the acceptance criteria. Justification

applicability of acceptance criteria for each test shall be provided. A table of contents should be p

pages should be numbered sequentially.

Indiyidual test reports should include the following,information:

a) |purpose: state the purpose of the test-as it corresponds to this part of ISO 25539;

b) |materials: list all materials (e.g\tést articles with lot/serial numbers or other appropriate
traceability, equipment) used in performing the test, using figures and diagrams as appropriatg;

c) |sampling: state the sampling plan, including the basis for and the number of samples tested;
test article shall be justified (e.g. sizes, conditioning);

d) |acceptance criteria;\state the acceptance criteria for the test results;

e) |test method:\describe in detail the method used to perform the test, including any prospecti
inspectiomprocedures, and provide a justification for critical test parameters;

f) |protoeol deviations: describe any deviations and their potential significance on the interpretation of the
results;

g) expression of results: describe testing results expressed in units as indicated in the test metho

h) conclusion: state conclusions, based on comparing results to acceptance criteria, including a

clinical significance of these results.

© 1SO 2008 — All rights reserved
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8.5 Delivery system and stent system
8.5.1 Ability to access

8.5.1.1 General
This covers the ability of the system to permit safe, consistent and accurate access to the intended location.

For estimating risks, the hazards to be considered include, but are not limited to, the following:

a) guidewfrenotcrossing the fesiom;

b) introdurer and delivery system not matching the access site (i.e., size mismatch);
c) delivery system not advancing to target site;

d) emboligm and air embolization;

e) stent d|slodgement.

These hazgrds might result in reportable clinical events, including but not limited. to\the following:
— accesg|failure;

— vascular trauma;

— neurolqgical deficit;

— ischema;

— spinal peurological deficit;

— emboliration;

— procedpral bleeding.

Testing shdll include the following items.listed in 8.5.1.2 to 8.5.1.13, as appropriate to the design of the gtent
system.

8.5.1.2 Bond strength

Determine the longitudinal*bond strength between parts of the delivery system. All bonds shall remain intact
under recommended conditions of use. The results shall be evaluated in relation to the force(s) necessary to
access the |ntendeddogation.

8.5.1.3 CGomponent dimension compatibility

Evaluate the dimensions of the stent system for compatibility with the dimensions of recommended
accessories. All components shall be dimensionally compatible. The need for contrast to be able to pass
through the lumen of the guide catheter or introducer with the stent system in place should be considered.

8.5.1.4 Dimensional verification
Determine the appropriate dimensions for conformance with design specifications.

8.5.1.5 Dislodgement force (pre-mounted balloon expandable stents)

Determine the force required to dislodge the premounted stent from the crimped position on the non-
expanded balloon and to completely separate the stent from the non-expanded balloon during clinical use.

10 © ISO 2008 — All rights reserved
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8.5.1.6  Flex/kink

Evaluate the ability of the stent system to bend in order to accommodate the predetermined clinically relevant
radius or angle it will be required to negotiate during access and delivery.

8.5.1.7 Profile/diameter test

Determine the maximum diameter along sections of the stent system.

8.5.1.8  Pushability

Eval
or b

8.5.

Eval

8.5.

Eval
sten

8.5.

Det
conm
nec

8.5.

Eval
recq
duri

bramch access during stenting);

8.5.

Eval
use

8.5.

8.5.

uate the ability of the stent system to be pushed or positioned by an operator without undesita
Lckling.

1.9  Simulated use
uate the performance of the stent system using a model(s) that simulate(s) theyintended use ¢

1.10 Torquability

uate the ability of the stent system to provide sufficient rotation té_the distal (leading) end td
t within the anatomy, if appropriate for the intended clinical use-

1.11 Torsional bond strength
prmine the torque/rotation required to break joints and/or materials in the appropriate deliy

ponents, if appropriate for the intended clinical use.*The results shall be evaluated in relation t
bssary to access the system.

1.12 Trackability
uate the ability of the stent systém to advance through the vessel to the target sitg

ng the advancement of the steht system, as appropriate for the intended use of the stent (e.g.

1.13 Visibility

uate the ability te visualize the delivery system and/ or stent system during access using fluorg
of other technologies for visualization shall be justified.

R Ability-to deploy

P A General

ble bending

pnditions.

deliver the

ery system
b the torque

using the

mmended accessories. Evaluate the potential for displacement of the guidewire from its intendled position

oss of side-

scopy. The

This covers the ability of the system to permit safe, consistent and accurate deployment of the stent.

For
a)
b)
c)

d)

estimating risks, the hazards to be considered include, but are not limited to, the following:

inability to fully and properly deploy the stent;
stent dislodgement;
balloon failure (if applicable);

stent or delivery system damage;

© 1SO 2008 — All rights reserved
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e) inadequate visualization;

f)  embolism and air embolization.

These hazards might result in reportable clinical events, including, but not limited to, the following:
— delivery system failure;

— deployment failure;

— spinal neurological deficit;

— neurolqgical deficit;
— vascular trauma;

— ischemjia;

— embolization;

— damagg to stent;
— procedpral bleeding.

Testing shdll include the following items listed in 8.5.2.2 to 8.5.2.13, aslappropriate to the design of the gtent
system.

8.5.2.2 Bond strength

Determine the longitudinal bond strength between parts.of’the delivery system. All bonds shall remain intact
under recommended conditions of use. The results shall\be evaluated in relation to the force(s) necessary to
deploy the stent.

8.5.2.3 Balloon inflation time (balloon expandable or balloon assisted stents)
Determine the time required to expand the balloon to the maximum recommended inflation pressure, volume
or diameter} The stent system should be used for this test if the stent is intended to be mounted on the balfoon
during inflation.

8.5.2.4 Balloon deflation time (balloon expandable or balloon assisted stents)

Determine the time requited'to deflate the balloon and evaluate the ability to remove the deflated balloon from
within the stent.

8.5.2.5 Balloonrated burst pressure (RBP) (balloon expandable or balloon assisted stents)

Determine the+ dre-with-an-appropriate y s test
if the stent is intended to be mounted on the balloon during

inflation.

Designate the maximum recommended inflation pressure. This pressure should not exceed the RBP.

8.5.2.6 Balloon rated fatigue (balloon expandable stents)

Evaluate the ability of the balloon to withstand a clinically justified number of repeated inflation cycles to the
rated burst pressure. The stent system should be used for this test if the stent is intended to be mounted on
the balloon during inflation.

Designate the maximum recommended number of inflation cycles.

12 © ISO 2008 — All rights reserved
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2.7 Component dimension compatibility

Evaluate the dimensions of the stent delivery system for compatibility with the dimensions of recommended
accessories. All components shall be dimensionally compatible. The need for contrast to be able to pass

thro

ugh the lumen of the guide catheter with the stent system in place should be considered.

8.5.2.8 Dimensional verification

Determine the appropriate dimensions for conformance with design specifications.

8.5.

Det
exp

8.5.

Det
ster

8.5.

Det

8.5.

Eval

8.5.

Eval
fluo

8.5.

8.5.

Thig

2-9—Distodgement-force(pre-motunted-baltoonrexpancdable-stents)

2.10 Dogboning (balloon expandable stents)

t outer diameter(s) at the maximum recommended inflation pressure.

2.11 Force to deploy (self-expanding stents)

brmine the force to deploy the stent from the delivery system

.12 Simulated use

uate the performance of the stent-system using a,medel that simulates the intended use condi

.13 Visibility

foscopy. The use of other technologies for visualization shall be justified.
3 Ability to withdraw

3.1 General

estimating risks; the hazards to be considered include, but are not limited to, the following:
impropér-balloon deflation (balloon expandable);

balleon winging (balloon expandable);

lack of structural integrity;

embolism;

diameter mismatch;

stent dislodgement;

stent or delivery system damage;

delivery system snags on, or adheres to the stent;

inadequate visualization.

© 1SO 2008 — All rights reserved

covers the ability-of.the system to permit safe and consistent withdrawal of the delivery system.

ions.

prmine the force required to dislodge the premounted stent from the crimped position’ dn the non-
anded balloon and to completely separate the stent from the non-expanded balloon during clinical use.

brmine the diameter(s) of the balloon extending beyond the ends of the_stent that are greater than the

uate the ability to visualize the stent-and delivery system during placement and deployment using
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These hazards might result in reportable clinical events, including, but not limited to, the following:

emboli
damag
proced

Testing sha

8.5.3.2 B

Determine
under reco

withdraw the system.

8.5.3.3

Evaluate the dimensions of the stent delivery system for compatibility with the dimensions of recommer
accessorie§. All components shall be dimensionally..compatible. The need for contrast to be able to [
through the[lumen of the guide catheter with the stent system in place should be considered.

8.5.34

Determine

8.53.5 H

Evaluate th
radius or arj

q

L

8.5.3.6

Evaluate th

spinal vl\eurological deficit;

delivery system failure;
deployment failure
neurological deficit;
vascular trauma;

ischemia;

ration;
b to stent;

Liral bleeding.

Il include the following items in 8.5.3.2 to 8.5.3.9, as appropriate to the design of the stent syste

Bond strength

he longitudinal bond strength between parts of the delivery system. All bonds shall remain i
mended conditions of use. The results shall be evaluated.in relation to the force(s) necessa

omponent dimension compatibility

imensional verification
he appropriate dimensions for conformance with design specifications.
lex/kink

b ability of the stent system to bend in order to accommodate the predetermined clinically rele
gle it will be_required to negotiate during access and delivery.

imulated use

b (performance of the delivery system using a model that simulates the intended use conditions

m.

tact
y to

ded
ass

vant

8.5.3.7

Torsional bond strength

Determine the torque/rotation required to break joints and/or materials in the appropriate delivery system
components, if appropriate for the intended clinical use. The results shall be evaluated in relation to the torque

necessary t

o withdraw the system.

8.5.3.8  Tubing tensile strength
Determine the strength of the tubing used in the delivery system as appropriate to the material.
14 © ISO 2008 — All rights reserved
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8.5.3.9  Visibility

Evaluate the ability to visualize the delivery system during withdrawal using fluoroscopy. The use of other
technologies for visualization shall be justified.

8.5.4 Biocompatibility

Biocompatibility shall be tested in accordance with ISO 10993-1 and appropriate other parts of the ISO 10993
series of International Standards. For extraction tests, the stent should be tested separately from the delivery
system.

8.5.p Haemostasis

8.5.p.1 General
Thig covers the ability of the system to minimise blood loss.
For [estimating risks, the hazards to be considered include, but are not limited to, the following:

a) |component dimensional incompatibility (size mismatch);
b) |seal incompetence;

c) |other leakage.

These hazards might result in reportable clinical events, including, but not limited to, the following:
— | procedural bleeding;

— |haematoma.

Testing shall include the following items listed in 8.5.5.2 to 8.5.5.4, as appropriate to the design [of the stent
system.

8.5.5.2 Component dimension'compatibility

Evaluate the dimensions of the stent delivery system for compatibility with the dimensions of regommended
accessories. All components shall be dimensionally compatible.

8.5.5.3 Dimensional verification

Detérmine the-appropriate dimensions for conformance with design specifications.

8.5.p.4 , \'/Assessment of haemostasis

when used with appropriate accessory devices.
8.6 Stent
8.6.1 Ability to accurately deploy

8.6.1.1 General

This covers the ability to permit safe, consistent and accurate deployment of the stent at the intended lesion
location.

© 1SO 2008 — All rights reserved 15
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For estimating risks, the hazards to be considered include, but are not limited to, the following:

a)
b)
c)

d)

inaccurate positioning or orientation;
improper deployment configuration;
incomplete deployment;

inadequate visualization.

These hazards might result in reportable clinical events, including, but not limited to, the following:

branch
deliver
deploy
stent m
intraprg

ischem

Testing shg

q

L

8.6.1.2

vessel occlusion;
system failure;
ment failure;
igration;
cedural vessel occlusion;

ia;

vascular trauma.

Il include the following items listed in 8.6.1.2 to 8.6.1.5, as.appropriate to the design of the sten

tent length-to-diameter relationship

Determine the relationship between stent length and expanded stent diameter.

8.6.1.3 H

Determine f{
balloon aftg

g

\

8.6.1.4

Evaluate th

8.6.1.5 \

Evaluate th
fluoroscopyj

rofile effect/flaring (balloon expandable stents)

he change in distance between the-external diameter of the stent and the external diameter of
r tracking through a tortuous path.

imulated use
e performance of the’stent using a model that simulates the intended use conditions.
lisibility

b ability towisualize the stent during deployment and after withdrawal of the delivery system u
The'use of other technologies for visualization shall be justified.

8.6.2 Fixationeffectiveness

8.6.2.1

This covers

the

sing

General

the ability of the stent to remain in its deployed position.

For estimating risks, the hazards to be considered include, but are not limited to, the following:

a)

b) excessi
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incomplete apposition to vessel wall;

ve or inadequate radial outward force.
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se hazards might result in reportable clinical events, including, but not limited to, the following:
stent migration;

intraprocedural vessel occlusion;

vascular trauma;

trauma to adjacent structures;

branch vaessel occlusion
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ling shall include the following items in 8.6.2.2 to 8.6.2.8, as appropriate to the design of the-stqg

E Four tests are listed below, which determine forces related to the deformation of the stent. Alth
h resistance with a radially applied load, crush resistance using parallel plates, local compression an
measure different attributes of the stent, as follows:

the crush resistance test with a radially applied load measures the ability of a balloon-expandable
permanent deformation when subjected to a circumferentially uniform radial load;

the crush resistance test using parallel plates measures the ability of a stént\o resist permanent defor]
the entire length of the device when subjected to a load uniformly applied @ver the length of the device;

the local compression test measures the ability of a stent to resist permanent deformation unde
(e.g. point) load;

the radial force test measures the force exerted by a self-expanding stent on the vessel in the deployeq
expansion and compression.

.2 Conformability to vessel wall

uate the ability of the stent to adequately.contact the vessel wall upon deployment.

.3  Crush resistance with a radially applied load (balloon expandable stents)

prmine the load/deformation .characteristics of the stent while a circumferentially uniform rg
ied.

2.4  Crush resistance with parallel plates
prmine the load-required to cause clinically relevant buckling or a deflection reduction of at I

original distance”between the plates and the load required to permanently deform or fully ¢
t. This test.isrequired for stents that can experience direct compression in a clinical setting.

.5 , \bocal compression
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perpendicularly applied to the longitudinal axis of the device, and its ability to recover to its original geometry.
The plate deflection should be reduced by at least 50 % at the point of contact. This test is required for stents
of a design with the potential for a different response to local compression as compared to a radial or flat plate
compressive force and for which this test is clinically relevant.

8.6.

2.6 Radial force

Determine the force (expansion and compression) exerted by a self-expanding stent as a function of the stent
outer diameter.

© 1SO 2008 — All rights reserved
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8.6.2.7 Recoil (balloon expandable stents)
Determine the percent change of the stent outer diameter from the maximum outer diameter obtained with

balloon inflation, to the final outer diameter after balloon removal. The sizing scheme recommended for the
stent in the IFU should take into consideration this recoil.

8.6.2.8 Simulated use

Evaluate the performance of the stent using a model that simulates the intended use conditions.

8.6.3 Stent ;Iltcglity

8.6.3.1  General

This covers|the ability of the stent to resist structural failure.

For estimat|ng risks, the hazards to be considered include, but are not limited to, the following:

a) structufal failure of the stent, including the coating, if applicable;

b) loss of|lcomplete apposition to vessel wall;

c) excessjve, unintended stent expansion non-uniformity.

These hazgrds might result in reportable clinical events, including, butynot limited to, the following:

— stent frpcture;

— residudl stenosis;

— in-segrent restenosis;

— in-stent restenosis;

— restengsis;

— vessel pcclusion, intraproceduraf;
— vessel pcclusion, periprocedural;
— vessel pcclusion, late;

— stent njigration;

— vascular trauma;

— ischemlia’due to emboli or in-stent thrombosis;

— trauma to adjacent structures.

Testing shall include the following items listed in 8.6.3.2 to 8.6.3.6, as appropriate to the design of the stent.

8.6.3.2  Acute coating integrity

Evaluate any damage to the coating due to loading, tracking, deployment and delivery system withdrawal.

8.6.3.3 Coating dimensions and other coating parameters (e.g. porosity, density distribution)

Determine the appropriate dimensions of the stent coating for conformance with design specifications.

18 © ISO 2008 — All rights reserved
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8.6.3.4 Corrosion

Evaluate the susceptibility of the stent to corrosion in an actual or simulated environment. These corrosion
mechanisms can include pitting, fretting, crevice and galvanic corrosion.

Coating artefacts and coating manufacturing processes might affect corrosion potential of final product and
should be considered.

8.6.3.5  Durability

8.6.3-5-+—General

Thel evaluation of long-term durability under anticipated physiological conditions shall be performed. If not all
stert sizes and configurations are evaluated, the size(s) and configurations to be evaluated,shall pe selected
to rgpresent the greatest potential for fatigue failure, so that conclusions regarding the, acceptable durability
can| be reasonably applied to other sizes and configurations not tested. Results (from the testing and the
analyses to evaluate the durability of the stent are complementary and should be interpreted both
indgpendently and in combination.

Thelfollowing items shall be considered in evaluating stent durability:
— |overlapping stents, as appropriate;

— | potential failure modes, such as, strut or bridge fracture, weaf, permanent deformation, los$ of coating
integrity (e.g. delamination, particle shedding or dehiscence);

— |in vivo loads, as appropriate to the specific intended site of implantation (e.g. bending, radial, axial,
torsion, crush);

— |limitations of the test and associated potentiahartefacts.

Testing has not yet been standardized for the evaluation of the effects of physiological loads bgyond radial
loading. Testing and/or analyses in addition to those listed below might be necessary to fully pvaluate all
physiologic loading and potential failure;modes. Anatomic variability and post-implant morphologic changes
shopld be considered in establishing-appropriate boundary conditions for test and/or analysis.

8.6.8.5.2 Stress/strain analyses

Detérmine the critical stresses and/or strains in the stent due to manufacturing, catheter loading, delivery,
deployment and in vivoNoading, using appropriate tools such as finite element analysis (FEA). Tlhe material
properties shall be &elected as those appropriate to the specific stage of manufacturing and deployment being
analysed. The results of this stress/strain analysis can be used to determine appropriate dgsign safety
margins and ean be used to establish the appropriate test conditions and to select the appropriate |test articles
(e.gl stent sizes) for durability testing.

8.6.35.3 Fatigue safety factor determination

Conduct an appropriate fatigue analysis. Evaluation of the stent fatigue safety factor requires an engineering
approach such as stress-life, and/or strain-life. In general, all sizes and configurations shall be analysed,
unless it can be reasonably demonstrated that a worst-case exists. Stress-life or strain-life fatigue safety
analysis requires that the mean and cyclic stresses or strains be determined by stress/strain analysis, and
compared to the appropriate material properties (e.g. ultimate and endurance strength or strain). Safety factor
can be expressed based on stress, strain or fatigue life.

8.6.3.5.4 Fatigue durability testing
Evaluate the long-term structural integrity of the stent when subjected to simulated worst-case physiologic

loads. Durability shall be evaluated for all relevant fatigue loading modes, which shall be justified based on the
intended clinical use (implant location) and conditions (e.g. oversizing, overlap). Fatigue testing of the stent
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shall include in vitro testing until ten-year equivalent cycles have been applied to each stent under test. If the
intended stent life is less than ten years, shorter duration fatigue testing might be appropriate and shall be
justified. The frequency of the test shall be such that the deformation of the stent under test is no less than the
deformation of the stent under the determined physiological conditions. The testing shall be conducted in an
appropriate test solution, such as phosphate buffered saline, unless testing in a different environment, such as
distilled water, can be justified. The testing shall be conducted at physiological temperature, unless otherwise

justified.

Test conditions shall be documented and justified, and shall include the number of samples, stent sizes tested,
test frequency, and other parameters used in simulating the physiological conditions. Loading/deformation
modes and magnitudes and the requisite number of test cycles shall be justified by appropriate physiological
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Coating durability
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inappropriate sizing.

These hazards might result in reportable clinical events, including, but not limited to, the following:

branch

20

stent migration;

stent thrombosis;

vessel occlusion;

vascular trauma;
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— trauma to adjacent structures;
— residual stenosis;

— in-segment restenosis;

— in-stent restenosis;

— restenosis;

— vessel occlusion, intraprocedural;

— | vessel occlusion, periprocedural;
— | vessel occlusion, late;

— |ischemia.

Testing shall include the following items listed in 8.6.4.2 to 8.6.4.6, as appropriate{to-the design of {he stent.

8.6.4.2 Dimensional verification

Detérmine the appropriate dimensions for conformance with design specifications.

8.6.4.3  Stent diameter to balloon inflation pressure (balloon expandable stents)

Determine the relationship between the stent diameter®and the balloon inflation pressure |for balloon
exppandable stents.

8.6.4.4 Recoil (balloon expandable stents)
Determine the percent change of the stent euter diameter from the maximum outer diameter obtained with

ballpon inflation to the final outer diameter-after balloon removal. The sizing scheme recommerded for the
stent in the IFU should take into consideration this recoil.

8.6.4.5 Simulated use
Evaluate the performance of the stent using a model that simulates the intended use conditions.

8.6.4.6  Stent length'to diameter relationship
Determine the relationship between stent length and its expanded diameter.

8.6.p Patency

8.6.F.1 General

This covers the ability of the stent to maintain an open lumen.

For estimating risks, the hazards to be considered include, but are not limited to, the following:
a) kinking;

b) twisting;

c) inaccurate deployment;

d) deformation, including stent closure;

e) thrombogenicity.
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These hazards might result in reportable clinical events, including, but not limited to, the following:
— stent thrombosis;

— residual stenosis;

— in-segment restenosis;

— in-stent restenosis;

— restenosis;

— vessel pcclusion, intraprocedural;
— vessel pcclusion, periprocedural;
— vessel pcclusion, late;

— angina
— recurrgnce of portal hypertension (for TIPS);
— myocardial infarction;

— ischemjia;

— emboligm;

— neurolqggical deficit.
Testing shdll include the following items listed in 8.6.5.2 to 8.6:5.8, as appropriate to the design of the sten}.

NOTE There are four tests listed below that determine forces related to the deformation of the stent. Although sinilar,
crush resistgnce with a radially applied load, crush resistance using parallel plates, local compression and radial force
tests measure different attributes of the stent, as follows:

— the crugh resistance test with a radially applied_load measures the ability of the stent to resist permanent deformation
along tHe entire length of the device whenysubjected to a radially applied load;

— the crugh resistance test using parallel plates measures the ability of the stent to resist permanent deformation glong
the entife length of the device when'subjected to a load uniformly applied over the length of the device;

— the locdl compression test méasures the ability of the stent to resist permanent deformation under a localized [e.g.
point) Idad;

— the radifil force test meéasures the force exerted by the stent on the vessel in the deployed state.

8.6.5.2  Crush resistance test with a radially applied load (balloon expandable stents)

Determine llhe load required to cause clinically relevant buckling or a diameter reduction of at least 50 %.

8.6.5.3  Crush resistance with parallel plates
Determine the load required to cause clinically relevant buckling or a deflection equivalent to a diameter

reduction (lumen reduction) of at least 50 % and the load required to permanently deform or fully collapse the
stent. This test is required for stents that can experience direct compression in a clinical setting.

8.6.5.4  Flex/Kink

Determine the minimum radius of curvature that the stent can accommodate without kinking or exhibiting a
diameter reduction (lumen reduction) of greater than 50 % and if the stent recovers its original geometry after
testing.
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8.6.5.5 Local compression
Determine the deformation of the stent in response to a localized compressive force, perpendicularly applied
to the longitudinal axis of the device. This test is required for stents of a design with the potential for a different

response to local compression as compared to a radial or flat plate compressive force and for which this test
is clinically relevant.

8.6.5.6 Radial force

Determine the force exerted by a self-expanding stent as a function of the stent diameter.

8.6.5.7 Simulated use

Evaluate the performance of the stent using a model that simulates the intended use conditions.

8.6.5.8 Stent-free surface area and stent outer surface area

Determine the free or open surface area of the stent as a function of stent diameter and the gontact area
between the stent and the vessel.

8.6.p Magnetic resonance imaging (MRI) safety and compatibility

Evaluate the safety and compatibility of the implant using MRI.

For [estimating risks, the hazards to be considered include, but’are not limited to, the following:
a) |magnetically induced displacement force and torque; and radial force (RF) induced heating of the stent;
b) |lack of quality imaging (image artefact).

NOTE 1 Additional guidance for evaluating /magnetically induced displacement, torque, RF heating, jand imaging
artefact can be found in ASTM F205212"], ASTM,F2213[27], ASTM F2182[26] and ASTM F2119[?4],

These hazards might result in repartable clinical events, including, but not limited to, the following:
— |vascular trauma;
— | stent migration.

NOTE 2 The MRI¢(antefact caused by some stents might compromise the effectiveness and limit the uge of MRI in
pati¢nts with thesedmplants.

8.6.f Biocompatibility

Bio¢ompatibility shall be tested in accordance with ISO 10993-1 and appropriate other parts of thg ISO 10993

aBAflntarnaticonal Qi darde oy A Al it ottt (MECOY e ot At Al eibvtactina fth d
Ser. oo O e atoTaT ot o TS T O arog- oot g Sttt (OO PIUUUUL\J, aoaroroTTar Lu/\l\.rll._y oty (0] e rUg

and coating components might be necessary. For extraction tests, the stent should be tested separately from
the delivery system.

8.6.8 Drug elution

8.6.8.1 General

This covers the ability of the stent to elute the drug per design specifications, both on manufacture and with
storage.
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For estimating risks, the hazards to be considered include, but are not limited to, the following:

a) excessive drug delivery;

b) inadequate drug delivery;

¢) unintended variability in localized drug delivery.

These hazards might result in reportable clinical events, including, but not limited to, the following:

— adverse biological reaction (toxicity);

— aneurypm of vessel wall or necrosis (mal-apposition of stent);
— residudl stenosis;

— in-segrhent restenosis;

— in-sten restenosis;

— restengsis;

— vessel pcclusion, intraprocedural;
— vessel pcclusion, periprocedural;
— vessel pcclusion, late;

— emboligation;

— ischemjia;

— stent tfrombosis.

Testing shdll include the following items listed in.8:6.8.2 to 8.6.8.4, as appropriate to the design of the sten}.

8.6.8.2 Drug content/amount

Determine the amount of drug on the stent.

8.6.8.3  Elution profile

Determine the amount of/driyg that elutes over the desired time period.

8.6.8.4 rug identity

Identify the [type ‘and determine the purity of the drug and characterize the type and amount of degradants.

8.7 Preclinical in vivo evaluation

8.7.1 Purpose

The purpose of preclinical in vivo testing is to evaluate the delivery and deployment of the stent and
withdrawal of the delivery system in accordance with the instructions for use (IFU) and to determine the
response of both the host and the stent. In particular, preclinical testing should provide data pertaining to
safety. The testing shall evaluate the suitability of the stent for its intended use in clinical investigation.
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8.7.2 Specific aims

Specific aims of the study shall be stated and can include the following, as appropriate:

a) evaluate the ability to access the target location with the delivery system;

b) evaluate the handling and visualization of the delivery system and visualization of the stent;

c) verify the accuracy and efficacy of deployment;

d) characterize the ability to withdraw the delivery system:;

e) |evaluate the appropriateness of stent sizing;

f) |evaluate the functional haemostasis of the delivery system;

g) |assess the position, integrity, and functionality of the stent;

h) |for drug eluting stents, evaluate the presence of the drug in blood, in-the”treated vessel gnd in other
relevant tissues over time;

i) |assess local biological responses (e.g. thrombus deposition, inflammation, endothelializatioh, necrosis,
aneurysm formation) and downstream and systemic effects{(e.g. embolism, infarction) fthrough an
evaluation of histology and pathology of explants and pertinenttissues/organs;

j) |record adverse events and potential contributing factors(e.g. stent vs. delivery system).
NOTE More than one study can be used to address the*specific aims.
8.7. Protocol
Each stent system shall be tested by implantation of the stent at the intended, or at an analogous Vascular site
in aljustified number of animals for at least 26 weeks in each animal, unless a justification for a ghorter-term
study is provided. Type and intervals jof interim assessments shall be specified and justifiedl For novel
technologies, interim sacrifices and longer implant durations might be indicated. For drug-eluting|stent trials,
drug delivery kinetics and residence time in the tissue should be considered in establishing fthe implant
duration. As far as permitted by-the limitations of the animal model, all devices used shall be of clipical quality
and|size, and of the design-intended for clinical use.

Safety studies of drug.eluting stents should include assessment of dose dependant effects, including the

effert of overdosing (€7g. no drug, nominal drug dose, and 3x overdose), unless justification can pe provided

for dmission of thistype of testing. Local, regional (down-stream), and systemic toxicities should bg assessed.

For|drug eluting stents (DES), at least one study should measure drug plasma levels as well as eyaluate drug

tisslie levels, over time.

|nte ato-or—atiia Hey-FeSd af-De-ehrahRceaoYy-threuSe-ora ea o RemrHRuoero trOIdeViceS

for comparison purposes. A rationale should be provided if a control device is not used in the study. For drug

eluting stent (DES) studies, both bare metal and coated stents (without the drug), if applicable, should be used
as control articles.

All animals in the study shall be regularly examined. All animals shall undergo post-mortem examination,
including those that expire prior to scheduled termination. The cause of death or illness, and the extent to
which the implant was implicated shall be documented. Histological and pathological assessment of explants
and appropriate tissues/organs shall be provided.

The design of the preclinical in vivo testing including the experimental protocol, measurement methods and
data analysis shall be specified. In addition, the choice of animal model such as species, gender, age and
whether or not a lesion is created, shall be justified and shall be consistent with the study objectives.
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Implantation shall be consistent with the recommended instructions for clinical use, as far as permitted by the
limitations of the animal model, including overlap of stents, if applicable.

NOTE

See ISO/IEC 17025!'3] for guidance on appropriate laboratory practices.

8.7.4 Data acquisition

The following minimum data shall be recorded for each animal receiving a stent:

a)

b)

26

identification data:

1) so
2) an
3) se
4) ag
5) wsg

pre-opérative data:

1) ve

2) medications (e.g. prophylactic antibiotics);

operati

1) date of procedure;

2) na
3) de

vii

Lrce of animals;
mal identification;
K,

=2

ight;

fification of health status, including appropriate blood testing;

ve data:

e of person performing procedure;

scription of the implant procedure, including:
identification of stent system and.accessory devices;
stent identification number;

in situ length and diaméter of stent;

diameter(s) of recipient vessel(s);

use of antithrembotic therapy;

surgical approach;

implantlocation;

5essment of parameters specified in the protocol, such as:

accuracy and efficacy of insertion of delivery system and deployment of the stent;
handling and visualization of the delivery system and visualization of the stent;
efficacy of withdrawal of delivery system;

appropriateness of sizing and sizing scheme;

blood loss, including the location;

position, integrity and functionality of the implant;

vii) adverse perioperative events;
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d) post-operative and follow-up data:

1) post-operative duration at the time of follow-up;

2) medications, including those that affect coagulation;

3) the methods used and results of the assessments specified in the protocol, such as:
i) observation of integrity, functionality and position of implant;
i) adverse events, date of occurrence, therapy and outcome;

— i) for DESthetevetof drugimbtood; if required by theprotocot;

4) any maijor deviation from protocol;

e) |termination data:
1) date of death;
2) reason for early termination or death, if applicable;

3) assessments specified in the protocol (e.g. observation of integrity, functionality, pptency and
position of implant);

4) gross observation of the explanted stent and surroundingtissue;
5) pathological assessment of appropriate tissues and/otorgans, if required per the protocol

6) for DES, the level of drug in tissue, if required bythe protocol.

8.7.p Test report and additional information

Results of all animals enrolled in the protocolrshall be recorded and reported even if excluded fiom the final
analysis.

Theytest report shall include the following:
a) |study protocol;

b) |rationale for selection,ef the following:
1) animal species,

2) implantation/site;

3) implantation durations;

4) , methods of assessment;

5}~ type and intervals of interim assessments;

6) sample size (i.e. number of animals and implants);

7) control, if applicable;
c) rationale for not using a control group, if applicable;

d) results:
1) animal accountability, including rationale for exclusion of data;

2) summary of adverse events;
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summary of early deaths or sacrifices for cause;
significant and/or relevant deviations from protocol;

summary of results, discussion and conclusions for each specific aim of the study;

photographs and micrographs, if required per the protocol;

compliance with appropriate standards.

pathological assessment of appropriate tissues and/or organs, including representative gross

summary of quality assurance and data auditing procedures, including a statement relative to

8.8 Clini

8.8.1 Pur
The purpo
stent syst
characteri
shall be ca
stents listeq
requiremen

NOTE 1
following sul

8.8.2 Spegific aims

Specific ainjs of the study shall be stated and can include the following, as appropriate:

Ical evaluation

m
3?03 for which the safety and effectiveness has not been previously demonstrateéd. The investigs

evaluale the ability to access the target location with-the delivery system;

evaluale the handling and visualization of the.delivery system and visualization of the stent;

evaluale the appropriateness(of stent sizing;

evaluate the acute and.chronic position, structural integrity and effectiveness of the stent;

evaluate any-explants;

DOse

of clinical evaluation is to provide reasonable assurance of the safety and effectiveness of
. A clinical investigation shall be carried out for any stent system dncorporating de

ried out using 1SO 14155-1 and I1SO 14155-2, taking account of the specific aspects of vasd
below in the following subclauses. The stent shall have satisfied appropriate preclinical teg
s of this part of ISO 25539 before starting the clinical investigation.

[he ISO 14155 series of International Standards provides requiremefts regarding clinical investigations.
clauses provide specific details regarding the clinical investigation 6f vascular stents.

ne accuracy and efficacy of deployment;

erize the ability to withdrawthe delivery system;

" lesion characteristics and stent positioning (over time);

evaluafepathology of any pertinent tissues/organs;

the
s5ign
tion
ular
ting

The

a)
b)
c) verifyt
d) charac
e)
f)
g) monito
h)
i)
j)  record
8.8.3 Clin

reportable clinical events.

ical investigation plan

A multicentre study (at a minimum of three investigational sites) shall be performed. A justification for the
number of investigational sites shall be provided. A statistical justification for the number of patients studied
shall also be provided based upon the clinical hypotheses. The calculation of the number of patients to be
enrolled shall take account of the effect of comorbidities on the life expectancy of the patient population.

The duration of patient follow-up shall be determined in relation to the objectives of the clinical investigation.
All patients implanted with either a test or control stent, including those excluded from the final analysis, shall

28
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be recorded and reported. The final report shall include current follow-up data on all patients with follow-up as
specified by the clinical investigation plan for the last patient enrolled. Patient follow-up intervals shall include
a minimum of a baseline assessment at discharge and at the end of the clinical evaluation. A justification will
be required for follow-up intervals.

If an appropriate control is not or cannot be identified or a concurrent control is unnecessary, a method for
evaluating the clinical outcomes shall be prospectively defined and justified. The control should be appropriate
to the questions being addressed in the study.

A specific question or set of questions shall be defined prospectively. These questions shall delineate the
appropriate endpoints to be measured and include definitions of success and failure for each endpoint. The

defi

modalities or other evaluation techniques to be used in the study.

For

human use, prior to initiation of the clinical investigation.

Pati
pop

participate fully in the study). An appropriate epidemiological approach shall\be utilized for recruit
to minimise bias.

8.8.

At g minimum, the following data shall be recorded for each. patient in the study. Exceptions fo

pop

a)

hitions of success and failure shall incorporate quantitative values specifically applicable for

DES clinical investigations, preliminary studies might be necessary to determine thersaféety of

ent selection and exclusion criteria shall be clearly established. The criteria” shall specify
Lilation (i.e., those for whom the stent is intended) and the accessible population (i.e., those w

# Data acquisition during clinical investigations

Lilation are noted below:

identification data:

1) patient identification;

2) sex;

3) date of birth;

4) name of investigator;

5) name of institution;

pre-operative data:

1) risk factors, )such as hypertension, diabetes, hyperlipidemia, tobacco use, obesity, anae

2) summary of previous cardio-vascular interventions, including non-surgical interventions,
Vascular implants;

he imaging

the drug for

the target
ho agree to
ng subjects

r the control

sthesia risk

and any other cardiovascular risk factors, with some measure of severity and current treaiment;

and cardio-

3).) urgency of intervention (i.e., emergent, urgent, or elective);

4) diagnostic criteria:

i) clinical assessment;

i) objective assessment of lesion and access vessel characteristics and other relevant factors

(such as sizes, degree of calcification, tortuosity, and angle of attachment sites);
operative data:

1) name of implanting physician;

2) date of procedure;
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d)

30

identification data for the stent(s) including model number, stent traceability, size and configuration;

details of procedure, including any adjunctive vascular procedures performed;

relevant medications;

assessment of handling, visualization, deployment and withdrawal;

assessment of patency, positioning, and integrity of the stent;

reportable clinical events (see Annex C);

sk & 4
STVTTIlY, TTIdTTaytTITIcTI, UUTLUITIT,

documentation of stent system involvement (i.e., does the complication involve (the g
system?);

documentation of probable causative factors (i.e., is the complication caused by thé stent syg
patient factors, technical factors, or other);

mparison of intended and actual stent location;
ninal diameter of stent;
hfirmation of stent placement and conformity to vessel;

te of hospital discharge;

erative data:

date of each follow-up visit;

3)

4)

5)

6)

7)

8)
i)
ii)
ii)

9) co

10) lur

11) co

12) da

post-of

1)

2) su

3) cli
gr
i)
ii)
ii)
iv)

4) ste

5)

mmary of cardio-vascular interventions since last follow-up;

hical evaluation (assessment protocol might differ between the control group and the treatn
Up);

clinical assessment;

objective assessment of stent\performance (migration, patency, percentage of diameter sten
stent integrity);

objective assessmentof targeted lesion characteristics and stent positioning;

for DES ftrials, a_stibset of patients should be assessed for drug levels in blood over time;

nt relevant medications, such as antithrombotic or antibiotics;

reportable-clinical events;

i)

event, date of occurrence, severity, management, outcome;

tent

tem,

hent

0sis,

i)
ii)

documentation of stent involvement;

documentation of probable causative factors (i.e., is the complication caused by stent, patient

factors, technical factors or other);

patient withdrawal:

1)
2)
3)

date;

months of study completed;

reason for withdrawal (lost to follow-up, death).
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8.8.5 Final report

The final report shall include the following:

a) study protocol;

b) definitions of reportable clinical events;

c) rationale for selection of the following:

1)

study size;

2)
3)
4)

5)

choice of control;
measurement methods;
statistical analyses employed;

patient follow-up intervals;

d) |procedural data and, peri-procedural (less than or equal to 30 d following procedure) and |

than 30 d following procedure) follow-up data:

patient accountability, including rationale for exclusion gfdata;

significant and/or relevant deviations from protocol;

summary of patients not completing study (e.g:dost to follow-up or death);
summary of reportable clinical events;

i) by type of event, including timing-of event relative to procedure (i.e., procedural, per
and for each follow-up time interval);

i) by patient, including timing,of events;

summary of delivery system performance;

summary of stent perfermance over time (e.g. migration, patency, stent integrity, change i
for drug elutingstents (DES), if required by the protocol, summary of drug levels in blood
summary ofesion characteristics related to stent performance over time;

summary of intraprocedural, adjunctive and subsequent secondary interventions (e.g. a
posi~dilation) needed post-stenting, if any, to optimize results;

10).summary of conversions to non-endovascular operative surgery;

hte (greater

-procedural

h shape);

bver time;

therectomy,

4
!

¢ . , .
P—summmary of peri=proceduratand-tate deatts;

12) summary of pathology, if appropriate, including representative gross photographs and micrographs;

13) comparison of results for test and control groups;

14) conclusions for each specific aim of the study.

9 Post market surveillance

A systematic procedure to review post market experience gained from implants shall be in place using the
principles given in ISO 14630 and ISO 14971.
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10 Manufacturing

Stent systems shall be manufactured in such a way that the specified design attributes are achieved.
Requirements are specified in other related International Standards.

NOTE The requirements of ISO 13485('0] might apply.

11 Sterilization

11.1 Products supplied sterile
11.1.1 Stepts and/or stent systems that are labelled “Sterile” shall comply with international, (nationgl or
regional stgndards. Stents and/or stent systems which are labelled “Sterile” shall have a sterility.assurgnce
level (SAL)of 10-.

11.1.2 Steyilization processes shall be validated and routinely controlled.

a) If stents and/or stent systems are to be sterilized by ethylene oxide, ISO 11135=1-shall apply.
b) If stents and/or stent systems are to be sterilized by moist heat, ISO 17665-1"shall apply.

c) If stents and/or stent systems are to be sterilized by radiation, ISO 1¥1137-1 shall apply.

d) If stenjs and/or stent systems incorporating animal tissue are*to be sterilized using liquid chenpical
sterilants, ISO 14160 shall apply.

e) If stents and/or stent systems are to be sterilized by othér'sterilization processes, ISO 14937 shall apgly.

11.2 Products supplied non-sterile

The requirements of ISO 14630 shall apply.

11.3 Sterilization residuals

The requirements of ISO 14630 shallapply.

12 Packaging
12.1 Protgction fromydamage in storage and transport

12.1.1 General

The requirements of ISO 14630 shall apply.

12.1.2 Unit container

Each stent and/or stent system shall be packaged in a unit container, providing a sterile barrier, if applicable. It
shall be readily apparent if the unit container has been opened.

12.1.3 Outer container

Each unit container shall be packaged in an outer container. This outer container shall be designed so as to
protect the unit container from damage due to storage.
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12.1.4 Shipping container

Each outer container, or a number of outer containers not necessarily of the same type, shall be packaged in
a shipping container designed to protect the contents under normal conditions of handling, transit, and storage.

12.1.5 Maintenance of sterility in transit

For stents and/or stent systems supplied sterile, the unit container shall be designed to maintain the sterility of
the stent and/or stent system under normal conditions of handling, transit and storage, and to permit the
contents to be presented for use in an aseptic manner.

The| packaging shall conform to ISO 11607.
12.2 Marking

12.2.1 Container label

Each stent and/or stent system shall be accompanied by a label(s) on an appropriate container(s).

12.2.2 Stents without delivery systems
At lg¢ast the following information shall be provided in words, phrasesisymbols or drawings on the label(s):

— | description and/or list of the package contents;

— |name and/or trademark, address and contact information of the manufacturer;
— |name of the device (if applicable);

— | model/reference number;

— |lot/serial number;

— | sterilization method and the notification “STERILE” if applicable;

— |single use;

— | expiry/expiration date;

— |warnings or reference to read the manual (symbol);

— |dimensions: length and outer diameter (unconstrained outer diameter and diameter [ranges, as
applicable)iafter expansion;

— | manufacturer’'s recommendation for storage, if applicable;

— |theychemical nature of any storage medium in the unit container, with appropriate hazard warning.

12.2.3 Stent systems (stents with delivery system)

At least the following information shall be provided in words, phrases, symbols or drawings on the label(s):
a) information as described in 12.2.2;

b) delivery system information, at least:

— dimensions: minimum required size of introducer (internal diameter), maximum size of guidewire and
effective length of the catheter;
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— rat

ed burst pressure and maximum recommended inflation pressure, if applicable.

12.2.4 Record label

Each stent and/or stent system should be supplied with transferable record labels suitable for attachment to
the records of the patient receiving the stent. The record label should include the following information:

12.3 Information supplied by the manufacturer

12.3.1 Gen
The requirg

might be in|
systems fol

12.3.2 Information and instructions for use (IFU)

Each unit c
the use of t

34

manufacturer's identification;

product name;

manufa

part or

indicati

contrai

for drug eluting stent (DES), the potential({for'drug interactions with the drug delivered by the stent;

recomt
functio

potenti
data frq
recomrl

recomt
of the s

cturer's batch and/or sterile lot number;

model number (manufacturer's catalogue number).

eral

ments of 1ISO 14630 shall apply. Further information is contained in tabular form in Annex A
cluded in the information supplied by the manufacturer. Specific information for stents and g
owS.

bntainer or outer container of which the contents arecddentical shall be supplied with instruction
ne stent. The instructions shall include the following:

pns for use;

ndications, cautions and warnings that-are applicable;

n of inflation pressure, as applicable;
bl adverse events;

m clinical studiesyif applicable;
hended methods for the aseptic presentation and the preparation of the stent and delivery syst¢

hended-méthods for vessel preparations, such as pre-dilitation, and methods for access, deli
tent and withdrawal of the delivery system;

that
tent

5 for

hendations for stent sizing, including vessel diameters, lesion lengths, and stent diameter as a

Em;

very

the statement STERILE —DO NOT RESTERILIZE — SINGLE USE ONLY in prominentform, if

applica

ble;

resterilization information, if applicable;

notifica

tion of additives and/or leachable components, if applicable;

recommendations for storage, if applicable;

date of

or reference relating to the publication of the text, indicating if the text has been revised;

recommendations for visualization;

MRI sa

fety and compatibility information;
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NOTE Recommendations for MRI labelling can be found in ASTM F2503[30],

— the material of construction of the stent;
— the identity of the coating material(s), if applicable;
— the identity and amount of drug(s), if applicable;

— type of construction (self-expanding or balloon expandable).

ISO 25539-2:2008(E)
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Annex A
(informative)

Attributes of endovascular devices — Vascular stents — Technical and

Tables A.1

clinical considerations

to A.3 provide a logical method for identifying a set of biocompatibility, bench, pre-clinical in vivo

and clinical
table, with

clinical events listed in the table. Annexes D and E provide informative methodology for performing-bench

analytical te

The table h

tests to assess device performance. Annex B includes a list of the bench tests identified-in| the
a description of the purpose of each test, and Annex C includes definitions for the reportpble
and
sting.

the proper g

Table A.1 — Table headings and explanations

badings and explanations are listed in Table A.1 below. In addition, a form is given 1o help proyide
ontext for the information contained within the matrix.

Column number Title Explanation Context
Implant/procedure o . The implant should have an
1 related attributes Individual design goals adequate (column 1).
e . If the implant does not have an
Difficulties that might be adequatg (column 1), there
2 Problem(s) encountered that couldresult in not — ’
X R . could be a problem with
meeting the individual'design goal (column 2)
C . . If there is a problem with |
Reportable clinical Complications or fa!ll.!res that'mlght (column 2), (column 3)
3 be observed with clinical use if the —
events could occur and should be
problems occur documented
Allist of tests, exclusive of animal | The following tests can be
4 Bench and analytical and clinical studies, that might be | conducted to evaluate the
tests conducted to validate the individual | adequacy of the
design goal (column 1): (column 4).
Specific aims of animal studies to In order to evaluate the aQequacy
N O\ . ) . LU of the (column 1) inan|n
5 Preclinical.in vivo studies | validate and verify the individual . ; !
desian goal vivo environment, the animal study
gn g should (column 5).
In order to evaluate the adequay
). . Specific aims of clinical studies to | of the (column 1)ina
6 Clinical studies : Lo . L - L
verify the individual design goal clinical environment, the clinica
study should __ (column 6).
PP —— T To minimize the risk of
Information supplied by OHTAnion TU S STPPITY PY I (column 2) or (column 3),
7 manufacturer to minimize the
the manufacturer . ) (column 7) should be
potential for failures to occur —
provided by the manufacturer.
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Table A.2 — Attributes of endovascular devices — Vascular stents —
Technical and clinical considerations for delivery systems

1)
Device/
procedure
related
attributes

2)
Problem(s)

3)
Reportable
clinical events

Delivery system

4)
Bench and
analytical tests

5)
Preclinical
in vivo studies

6)
Clinical studies

7)
Information
supplied by the
manufacturer

burst pressure, of
balloon relatiyeto
vessel

Stent
dislodgement

Balloon failure

Damage of stent
or delivery system

Embolization

Damage to stent

Balloon deflation

Balloon rated
burst

Balloon rated
fatigue

Balloon inflation
time

column 3

Ability to access | Wire not crossing | Access failure Component Evaluate ability to | Evaluate ability to | Implant profile,
the lesion Vascular trauma dimension access access wire dimensions
FeempatiHit eermpatible with
Introducer and ) i Assess handling | Assess handling deliv:-ry system
delivery system | Neurological Flex/kink and visualization | and visualization
not matching the | deficit _ Sizing
access site (i.e., Ischemia Torsional bond Evaluate.adverse Evaluate N recothmendations
size mismatch) strength events with reportable clifjcal
Spinal B h particular events For user-mounted
Delivery system | heyrological deficit ond strengt attention to implgnts,
not advancing to Torquability events listed in manyfacturer
target site Embolization column 3 supplied
) Pushability inforration should
Embolism inclugle
Trackability .
Stent recorpmendations
dislodgement Simulated use or spgcifications for
delivery
Dimensional comy onents
verification
Informpation should
Profile/diameter includle
Visibility recorpmendations
or spkcifications for
Dislodgemént accesgsory devices
force
Ability to deploy: | Inability to Deployment Component Verify efficacy of | Verify efficacy of | For user-mounted
balldon activate system failure dimension deployment deployment implgnts,
deployment compatibilit manyfacturer
exp@ndable mepch)a/nism Spinal P Y Assess handling | Assess handling supplied
_ _ neurological deficit | Bond strength and visualization | and visualization inforrhation should
Disproportionate . . incl
; : Neurological Simulated use Evaluate adverse | Evaluate inclugie
dimensions and - " i recorpmendations
roperties, such deficit ) . events with reportable clinical 1Tt
P . Dimensional particular events or spcifications for
as balloon Vascular trauma | verification : delivgry
compliance and attentionto t
events listed in comgonents.

Information should
inclugle
reconmendations
or spEcifications for
accessory devices

(e.g. by other Visibility
components) Dogboning
Inadequate Dislodgement
visualization force
Embolism

© 1SO 2008 — All rights reserved

37


https://standardsiso.com/api/?name=0895da1d326ebd17e1c3f3ce68251986

ISO 25539-2:2008(E)

Table A.2 (continued)

Delivery system

Disproportionate

Vascular trauma

Simulated use

Evaluate adverse

Evaluate

1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench and Preclinical Clinical studies Information
procedure clinical events analytical tests | in vivo studies supplied by the
related manufacturer
attributes
Ability to deploy: | Inability to Deployment Component Verify efficacy of | Verify efficacy of | For user-mounted
self expanding activate system failure dimension deployment deployment implants,
deployment compatibilit manufacturer
...E,:-.Z..;\,... Neurological P y Assess handling | Assess handling supplied
deficit Bond strength and visualization | and visualization i

information(shquld
include

dimensions :
of 'modeliing’ _ _ _ events with reportable clinical | recommendatigns
9 Spinal Dimensional i or specificationis for
balloon relative to i " ot particular events -
neurological deficit | verification ; delivéry
. attention to
implant/vessel ; ) domponents
Embolization Visibility events listed in :
Damage of stent column 3 Information shduld
or delivery system [ Damage to stent | Deployment force include
(e.9. by other recommendatipns
components) or specifications for
Inadequate accessory devices
visualization
Embolism
Stent
dislodgement
Ability to Improper balloon | Delivery system Tubing tensile Verify efficacy of | Verify efficacy of | Information shquld
withdraw: deflation failure strength withdrawal withdrawal include
o ) ) ) recommendatigns
balloon Balloon winging Neurological Component Assess handling | Assess handling or specification for
expandable deficit dimension and visualization | and visualization 1
P Lack of structural compatibility accessory devices
integrity Vascular trauma Evaluate adverse | Evaluate
. . Torsionalbond events with reportable clinical
Embolism Ischemia strength particular events
Diameter Spinal B attention to
ond strength : :
mismatch neurological deficit d events listed in
o Simulated use column 3
Implant Embolization
dislodgement Dimensional
Damage to-stent verification
Damage of stent
or delivery system Flex/kink
(e.g. by other A
components) Visibility
Delivery system
shagginger.
adhering\to the
stent
Inadequate
visualization
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Delivery system

Damage of stent
or delivery system
(e.g. by other

neurological deficit

Embolization

Bond strength

Simulated use

events listed in
column 3

1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench and Preclinical Clinical studies Information
procedure clinical events analytical tests | in vivo studies supplied by the
related manufacturer
attributes
Ability to Diameter Delivery system Tubing tensile Verify efficacy of | Verify efficacy of [ Information should
withdraw: mismatch failure strength withdrawal withdrawal include
. . ) . recommendations
self expanding Lack of structural | Neurological Component Assess handling [ Assess handling |, specifications for
integrity deficit dimension and visualization | and visualization actepsory devices
. compatibility
Embolism Vascular trauma Evaluate adverse | Evaluate
. Torsional bond events with reportable clinical
Stent Ischemia strength particular events
dislodgement Spinal attention to

Post procedure

Dimensional
components) Damage to stent | erification
Delivery system )
snagging on or Flex/kink
adhering to the Visibility
stent
Inadequate
visualization
Bioqompatibility | Lack of Complications ISO 10993 series | ISO 10993 series | Evaluate N/A
appropriate attributable to a ) reportable clinical
biocompatibility lack of appropriate A_ppropr_late events
biocompatibility histological and
pathological
investigations of
explants
Evaluate adverse
events with
particular
attention to
events listed in
column 3
Sterjlity Non-sterile Infection Sterilization N/A Evaluate Appropriate
product assurance reportable clinical | hand|ing
events instrdctions
Whether single or
multiple use
Haemostasis Component Haematoma Assessment of Evaluate Evaluate Sizing
dimensional haemostasis appropriateness | appropriateness [ recornmendations
incompatibility Proce_dural ) . of sizing of sizing L
(size mismatch) bleeding Dlm_ens!onal Spedffications _for
verification Assess blood loss | Assess blood loss | accegsory devices

HaemostaSis k.l H L s |t L s pu | |t L s

valve bteeding Component Evattiate-adverse—Evattate

incompetency dimensional events with reportable clinical
compatibility particular events

Leaking attention to

events listed in
column 3
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Table A.3 — Attributes of endovascular devices — Vascular stents —

Technical and clinical considerations for stent

Stent
1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench tests Preclinical in Clinical studies Information
procedure clinical events vivo studies supplied by the
related attributes manufacturer
Ability to Inaccurate Branch vessel Simulated use Assess Assess Location and
accurately deploy po_smtortl_lng or occlusion Stent length to visualization visualization de;cnphon of
orientation Delivery system | diameter Verify accuracy | Verify accuracy | 82!9-opaque
lardfrarks—
Improper failure relationship and efficacy of and efficacy of whenever p@ebnt
dep][.oym‘if“ Stent migration | Visibility deployment deployment
contiguration Lumen Profile Evaluate adverse | Evaluate
Incomplete obstruction effect/flaring evepts with reportable clinical
deployment particular events
Vascular trauma i
Inadequate attent|or_1 to _
visualization Ischemia events listed in
column 3
Fixation Incomplete Stent migration Radial force Assess position, | Assess position, | Directions
effectiveness apposition to Lumen Crush resistance |nteg!'|ty a_nd |nteg_r|ty a_nd rega'rd|.ng
vessel wall obstruction functionality funetionality restrictions and
Recoil i
Excessive or ecol Appropriate Monitor lesion requirements
h , Vascular trauma L . . assure proper
inadequate radial ocal histological and morphology o
force Trauma to compression pathological . fixation
adjacent 3 ! tigati ’ Appropriate
struclures Conformability to | Investigation/,o histological and
vessel wall explants pathological
Branch vessel Simulated use Evaluate’adverse | investigation of
occlusion events with explants if
particular occurring
atten?olrj ttod ' Evaluate
evlen S ':‘;' edin reportable clinical
column events
Stent integrity| Structural failure | Stent fracture Fatiguesand Assess position, | Assess position, | N/A
of stgnt |pclud|ng Stent thrombosis durability |nteg!'|ty a_nd |nteg_r|ty a_nd
coating, if Stress/strai functionality functionality
licable Stent migration VSssistrain . .
app analysis Appropriate Appropriate
Loss of complete | Vascular trauma Corrosion histological and | histological and
apposition to Lumen o pathological pathological
vessel wall obstruction Longitudinal investigation of | investigation of
tensile strength [ explants explants if
Trgowna to Visual inspection | Eval d occurring
adjacent valuate adverse
structures Coating events with Evaluate
) delamination particular reportable clinical
Ischemia ) attention to events
Embolization Coating events listed in
dimensions column 3
Coating integrity
Appropriate siging } Inappropriate Stent migration Simulated use Verify sizing Evaluate Sizing
sizing Stent thrombosis | Stent length to scheme reevré(r)]rttsable clinical | recommendatigns
SranoESET d‘la,pt-fnl'nrh. E\lah:a,tn.tahrhlnrcn
occlusion relationship events wi
Recoil particular
Vessel trauma attention to
Trauma to Dimensional events listed in
adjacent verification column 3
structures Stent diameter to
Lumen balloon inflation
obstruction pressure
Ischemia
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heating of the
stent

Stent
1) 2) 3) 4) 5) 6) 7)
Device/ Problem(s) Reportable Bench tests Preclinical in Clinical studies Information
procedure clinical events vivo studies supplied by the
related attributes manufacturer
Patency Kinking Stent thrombosis | Radial force Assess position, | Assess position, | N/A
Twisting Lumen Crush resistance mteg.nty apd |ntegr|ty an d
obstruction functionality functionality
Inaccurate Simulated use Appropriate Monitor lesion
depla t Restenasis
Ymen Stentiree suface [ histological and morphology
Def ti Al t recl i
eformation brupt reclosure |area .pathol.og|(.;a| Appropriate
Thrombogenecity | Angina Local |nve|st|?atlon of | histological and
Recurrence of Compression expants pathological
portal Flex/Kink Evaluate adverse | investigation,of
hypertension events with explants if
y dial Stent free surface | harticular occurfing
yocardia area attention to
infarction events listed in putte
. | 3 reportable clinical
Ischemia column évents
Embolization
Neurological
deficit
Magnetic Lack of quality Vascular trauma | MRI compatibility | N/A Evaluate Descfibe MRI
resgnance imaging (artefact) Stent migration reportable clinical | safety and
imaging (MRI) Movement or 'grad events comgatibility of the
compatibility device

Inadequate drug

Elution profile

attention to

Biodompatibility Lack of Adverse ISO 10993 series | 1SO 10993 series | Evaluate List gf materials
Eppropnat;_ab_l_t btlolc_)g;cal reaction Appropriate repo?able clinical | utilizgd
iocompatibility (toxicity) histological and events
pathological
investigations of
explants
Stenjlity Non-sterile Infection Sterilization N/A Evaluate Appropriate
product assurance reportable clinical | hand|ing
events instrdctions
Whether single or
multiple use
Drug elution Excessive-drug Adverse Drug Evaluate adverse | Evaluate Name of
delivery. biological reaction | content/amount events with reportable clinical | therapeutic agent
(toxicity) particular events

Drug(specific

delivery Aneurysm of ) . Evaluate the hand|ing and
events listed in
\ vessel wall or presence of the storage
Unintended . column 3 : )
variability in necrosis (mal- drug in the blood | requifements (e.g.
localized drug apposition of Appropriate over time tempgprature range
: stent) histological and for stprage)
delivery thological
Restenosis &a\/e;igglt(i;c?ns of The ¢hemical or
A slelirestiloln SXpIants hiclagjical nature of
] the drug
Ischemia Evaluate the (mechanism of
Lumen presence of the action)
obstruction drug in the blood Any appropriate
. and tissue over h q :
Stent thrombosis time azard warning
. Total drug
Pathological content/amount
assessment of
appropriate Dose per unit area

tissues and/or
organs
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Annex B
(informative)

Bench and analytical tests

Table B.1 — Bench and analytical tests

of at least 50 % and the load required to permanently
deform or fully collapse the stent.

Tests Description of test and requirements Relevant design evaluation
subclause(s)

Acute coating integrity Evaluate the ability of the coating to resist damage due to [ 8.6.3  Stent integrity
loading, tracking, deployment and delivery system
withdrawal.

Assessment ¢f biocompatibility Biocompatibility should be tested in accordance with|8.5.4 Biocampatibility
ISO 10993-1 and appropriate other parts of the ISO 10993
series of International Standards.

Assessment ¢f haemostasis Evaluate the ability of any seal or valves in the delivery | 8.55~~Haemostasis
system to maintain an adequate haemostatic seal when
used with appropriate accessory devices.

Balloon deflafjon time Determine time required to deflate balloon and evaluate [ 8.5.2  Ability to deploy
ability to remove deflated balloon.

Balloon inflatipn time Determine the time required to expand the balloen to the [8.5.2  Ability to deploy
maximum recommended inflation pressuré,*~volume or
diameter.

Balloon rated|burst pressure (RBP) |Determine the rated burst pressure- (RBP) with an|8.5.2 Ability to deploy
appropriate safety margin includingsreliability parameters
of the balloon when used with the stent.

Balloon rated|fatigue Evaluate the ability of the,balloon to withstand a clinically [ 8.5.2  Ability to deploy
justified number of repeated inflation cycles to the rated
burst pressure.

Bond strengtl Determine the longitudinal bond strength between parts of [ 8.5.1  Ability to access
the delivery system. All bonds shall remain intact under .
recommended, conditions of use. 8.5.2  Ability to deploy

8.5.3  Ability to withdraw

Coating dimefisions Determine the appropriate dimensions of the stent coating [ 8.6.3  Stent integrity
for,conformance with design specifications.

Coating duralpilty Evaluate the ability of the coating to resist delamination [8.6.3  Stent integrity
(e.g. flaps, bare spots) when subjected to simulated worst-
case physiologic loads.

Coating partiqulate genefation Determine the size and amount of particles generated [8.6.3 Stent integrity
from the coating when subjected to simulated in vivo
conditions.

Component djmension compatibility | Evaluate the dimensions of the stent delivery system for|8.5.1  Ability to access
compatibility with the dimensions of recommended .
accessories. All components shall be dimensionally |82 Ability to deploy
compatible. 8.5.3 Ability to withdraw

8.5.5 Haemostasis

Conformability to vessel wall Evaluate the ability of the implant to maintain adequate |8.6.2 Fixation effectiveness
contact with the vessel wall.

Corrosion Evaluate the susceptibility of the stent to corrosion in a[8.6.3 Stent integrity
simulated physiological environment.

Crush resistance with parallel plates | Determine the load required to cause clinically relevant [8.6.2 Fixation effectiveness
buckling or a deflection equivalent to a diameter reduction

8.6.5 Patency
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Table B.1 (continued)
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Tests Description of test and requirements Relevant design evaluation
subclause(s)
Crush resistance with radially | Determine the load/deformation characteristics of the stent|8.6.2  Fixation effectiveness
applied load while a circumferentially uniform radial load is applied.

8.6.5

Patency

Dimensional verification

Determine the appropriate dimensions for conformance
with design specifications.

8.5.1

Ability to access

8.5.2  Ability to deploy
8.5.3 Ability to withdraw
8.5.5 Haemostasis
8.6.4 Sizing

Dislpdgment force

Determine the force required to dislodge the stent from the
original crimped position and to completely separate the
stent from the non-expanded balloon while simulating
clinical use conditions.

8.5.1
8.5.2
8.5:3

Abijlity to"accesp
Ability to deplo
Ability to withdraw

Dogboning

Determine the diameter of balloon extending beyond the
ends of the stent, which are greater than the stent outer

8.5.2

Ability to deplo

time period.

diameter at the maximum recommended inflation
pressure.
Drug content/amount Determine the amount of drug on the stent. 8.6.8 Drug elution
Drug identity Determine the type and purity of the drug-and’characterize [ 8.6.8 Drug elution
the type and amount of degradants_at manufacture and
with storage.
Elutjon profile Determine the amount of drug that elutes over the desired | 8.6.8 Drug elution

Fatigue durability testing

Evaluate the long-term dimensional and structural integrity
of the stent and any coating.

8.6.3

Stent integrity

system.

Flex/kink Evaluate the abilify) of the implant and stent system to|8.5.1  Ability to accesp
bend in order to accommodate the predetermined . .
clinically relevant radius or angle it will be required to 8.5.3  Ability to withdraw
negotiate-during access and delivery. 8.6.5 Patency
Determine clinically relevant radius of curvature that the
implant can accommodate without kinking.

Forge to deploy Betermine the force to deploy the stent from the delivery | 8.5.2  Ability to deplo

Locgl compression

Determine the deformation of the stent in response to a
localized compressive force, perpendicularly applied to the
longitudinal axis of the device, and if the stent recovers its
original geometry after testing.

8.6.2
8.6.5

Fixation effectiyeness

Patency

MR safety and compatibility

Evaluate MRI safety and compatibility.

8.6.6

MRI safety and|compatibility

Profile/diaméter

Determine the maximum diameter along sections of the
stent system.

8.5.1

Ability to accesp

Pro‘ile effect/flaring

Determine the distance between the external diameter of

8.6.1

Ability to accurately deploy

the stent and the exiernal diameter of the balloon while
tracking through a tortuous path.

from the maximum outer diameter obtained with balloon
inflation to the final outer diameter after balloon removal.
The sizing scheme recommended for the stent in the IFU
should take into consideration this recoil.

Pushability Evaluate the ability of the stent system to be pushed or|8.5.1  Ability to access
positioned by an operator without undesirable bending or
buckling.
Radial force Determine the force exerted by a self-expanding stent as|8.6.2 Fixation effectiveness
a function of the stent diameter.
8.6.5 Patency
Recaoil Determine the percent change of the stent outer diameter|8.6.2  Fixation effectiveness

8.6.4

Sizing
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Table B.1 (continued)

Tests

Description of test and requirements

Relevant design evaluation

subclause(s)

Simulated use Evaluate the performance of the stent system using a|8.5.1 Ability to access
model(s) that simulate(s) the intended use conditions.
(©) (©) 8.5.2  Ability to deploy
8.5.3 Ability to withdraw
8.6.1  Ability to accurately deploy
8.6.2 Fixation effectiveness
8.6.4 Sizing
8.6.5 Patency

Stent diamefer to balloon inflation | Determine the relationship between the stent diameter|8.6.4 Sizing

pressure and the balloon inflation pressure for balloon expandable
stents.

Stent-free syrface area and stent|Determine the free or open surface area of the stent as a[8.6.5 Paténcy

outer surfacelarea function of stent diameter and the contact area between
the stent and the vessel.

Stent length tp diameter relationship | Determine the relationship between stent length and|8:6.1/ Ability to accurately deplpy
expanded stent diameter. .

8.6.4 Sizing

Stress/strain | analyses (e.g. finite | Determine the critical stresses and/or strains withifn\the | 8.6.3  Stent integrity

element analysis) stent due to manufacturing, catheter loading, dglivery,
deployment and in vivo loading using appropriate tools
such as finite element analysis (FEA).

Torquability Evaluate the ability of the stent system to provide[8.5.1 Ability to access
sufficient rotation to the distal (leading) ‘'end to deliver the
stent within the anatomy.

Torsional bond strength Determine the torque/rotationyrequired to break joints|8.5.1 Ability to access
and/or materials in the appropriate delivery system .
components. 8.5.2 Ability to deploy

8.5.3 Ability to withdraw

Trackability Evaluate the ability of the stent system to advance through [ 8.5.1  Ability to access

the vessel to the target site using the recommended
accessories:
Evaluate\the potential for displacement of the guidewire
from_its-intended position during the advancement of the
stent )system, as appropriate for the intended use of the
stent.

Tubing tensilg strength Determine the strength of the tubing used in the delivery [ 8.5.3  Ability to withdraw
system as appropriate to the material (ISO 10555-1 or
similar).

Visibility Evaluate the ability to visualize the delivery system and/or | 8.5.1  Ability to access
stent system during access using fluoroscopy or using the .
imaging techniques specified in the instructions for use |82 Ability to deploy
(IFU). The use of other technologies for visualization shall| g 5.3 Ability to withdraw
bejustified:

8.6.1 Ability to accurately deploy

Visual inspection Evaluate the ability of the stent to conform to the[8.6.3 Stentintegrity

manufacturer's specifications with respect to surface
defects and contamination that would render the stent
unsuitable for its intended use.
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Annex C
(informative)
Definitions of reportable clinical events
This annex contains examples of clinically reportable events and might not be all inclusive.
Table C.1 — Definitions of reportable clinical events
Event Definition

Acdess failure Failure to reach the intended site with the stent due to mechanical failure or patignt anatomy.

Acdessory device failure Inability to use an accessory device as intended due to mechanical failurg or patient
anatomy. Whether or not the failure contributed to an unsuccessful stent deployment should
be documented.

Adyerse biological Local, regional and/or systemic toxic reaction due to &tent coating or drug elutipn. The type

response (toxicity) to stent | of reaction should be documented.

coaing or drug elution (if

applicable)

Angurysm For true aneurysms: dilatation of all or part/of the treated vessel to twice its podt-procedural
diameter; dilatation to less than twice the post-procedural diameter should also he reported.
For false (pseudo) aneurysms: an outpouching of any size should be reported.

The aneurysm size and imaging‘modality should be specified in all cases.

Angina Chest, neck, arm or other.pain related to decreased coronary blood flow.

Arriythmia Development of a new-atrial or ventricular arrhythmia or exacerbation of a prigr arrhythmia
requiring treatment (i-€., medical therapy, cardioversion, pacemaker) within |30 d of the
procedure.

Atelectasis/pneumonia Atelectasis or_pneumonia documented by chest X-ray within 30 d of the prgcedure and
requiring{reatment with antibiotics, inhalation therapy, intubation or suctioning.| The type of
treatmentrequired should be reported.

Brapch vessel occlusion | Clinically significant, unplanned occlusion or obstruction of a major branch vesse|l.

Coggulopathy Development of a bleeding disorder documented by appropriate laboratory sfudies within
30 d of the procedure. The specific syndrome or factor deficiency(ies) should alsp be noted.

Congestive heart failure

Development of an acute episode or exacerbation of existing low candiac output

accompanied by peripheral and/or pulmonary edema.

Darage to stent

Damage to the stent by any cause, such as by an accessory device or the delivel

ry system.

Degp veinthrombosis

Thrombus in a deep vein documented by duplex scanning, venography, or o
technique.

her imaging

Deployment failure
(delivery system failure)

Inability to fully deploy the stent at the intended site and/or withdraw the deli

intact due to mechanical failure or patient anatomy. Whether or not successful stent

deployment was achieved should be documented.

very system

Embolization Embolization of intraluminal debris or thrombus with clinical sequelae.

Haematoma Development of a haematoma related to the endovascular procedure requiring surgical
intervention, evacuation and/or transfusion.

Hepatic encephalopathy Neurological dysfunction due to inadequate detoxification of the blood by the liver.

Hypotension

Low blood pressure.

Impotence, vasculogenic

Subjective report or documentation of failure to resume the degree of sex
registered preoperatively, within 6 months of the procedure.

ual function
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Table C.1 (continued)

Event

Definition

In-segment restenosis

Significant reduction in luminal diameter at any point along the length of the stent in addition
to any reduction in luminal diameter within the non-stented adjacent sections of the vessel,
when compared to the post-procedural reference diameter. The degree of narrowing and
imaging modality should be specified.

deep

Insertion site infection,

Infection at percutaneous or surgical access site requiring surgical debridement or vascular
repair, and occurring within 30 d of the procedure.

Insertion site_infection,

Infection at percutaneous or surgical access site not involving the access vessel or deep

superficial muscle, and occurring within 30 d of the procedure.

In-stent restenosis Significant reduction in luminal diameter at any point along the length of the stent when
compared to the post-procedural reference diameter. The degree of narrowing.and imaging
modality should be specified.

Ischemia Development of acute or chronic ischemia within 30 d of the procedure.”The cause of|the
ischemia should be diagnosed and reported (i.e., embolism, thrombaosis or dissectipn).
Examples include, but are not limited to, extremity, mesenteric and renal ischemia.

Late mortality Death occurring at greater than 30 d following the procedure attributable to the stent.

Lymphoceleflymphatic Cystic accumulation of lymph or groin wound drainage occuirring at an incision site (if ysed

fistula for access).

Malaposition of stent

Appreciable portion of stent not in direct contact withnthe vessel wall. Note timing in relgtion
to procedure.

Myocardial i

hfarction

d of
ility

Myocardial infarction documented by the presence of raised cardiac enzymes within 30
the procedure. Clinical symptoms, EKG) changes and/or haemodynamic instal
associated with the event should also be‘reported.

Neurological

deficit

rior
d of

Development of a new transient or permanent neurological deficit or exacerbation of a
deficit as determined by CT/MRI.scan and/or clinical examination that occurs within 30
the procedure. Whether the deficit was permanent or transient should also be reported.

Peri-procedyiral mortality

Death from any cause occurting within 30 d of the procedure.

Post proced

ure bleeding

om
the
buld

Procedure related bleeding which occurs after the patient leaves the procedure r
resulting in the need for blood transfusion. The volume of replaced blood, the source of]
bleeding and whether or not surgical intervention was required to stop the bleeding sh
also be reported;

Procedural leeding

Any blogdhless requiring intervention (i.e., blood transfusion, medical therapy). The volyme
of blogd,tost during the procedure should be determined from the procedure report. [The
need.for blood transfusion and the volume and source (banked, autologous, autotransfused)
of transfused blood should also be reported.

Pulmonary ¢mbolism Clinical evidence of pulmonary embolism confirmed by high probability VQ scan, CT scap or
pulmonary angiography occurring within 30 d of the procedure.

Recurrence|of portal Recurrent high blood pressure in the portal venous system.

hypertensiop

Renal inSUIrI'Ilbiw TCY

Rise-mereatmme greatertham25-%or 6;5myfdtabovethepre=procedurefevetthatdoes
not resolve. The need for and the duration of dialysis, if required, should also be reported.

Residual stenosis

> 30 % luminal narrowing compared to the normal vessel diameter immediately after
completing the stent procedure. The degree of narrowing and imaging modality should be
specified.

Respiratory

failure

Need for post-procedural mechanical ventilation or the need for re-intubation or ventilator
support any time up to 30 d postoperative (unless the patient was ventilator dependent when
he/she entered the study). The duration of ventilator support should be reported.

Restenosis

Significant reduction in luminal diameter when compared to the post-procedural reference
diameter. The degree of narrowing and imaging modality should be specified.

Spinal neurological deficit

Neurological deficit related to spinal chord ischemia developing within 30 d of the procedure.
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Table C.1 (continued)

Event

Definition

Stent fracture

Fracture or breakage of any portion of the stent.

Stent infection

Development of a confirmed stent infection occurring at any time following stent placement.

The etiology (i.e., device sterility, endocarditis, etc.) should be reported if known.

Stent migration

Longitudinal movement of all or part of a stent resulting in clinical symptoms.

Stent thrombosis

Haemodynamically significant thrombus formation within the lumen of the stent

any time following stent placement. The degree of narrowing, the timing of the thrombosis in

occurring at

relation 10 the proceaure, and Imaging modality snoula be speciied.

Trapma to adjacent
structures

Injury to adjacent structures associated with vascular trauma (see definitionbéelo

).

Vadcular trauma

Injuries to vessels as a result of an endovascular procedure,-inclading di
perforations, false or true aneurysms. The specific site (e.g., access site, tre
proximal or distal vessel, etc.) and source of the injury as well as the clinig
should be reported.

bsections or
atment site,
al sequelae

Vegsel occlusion,

Occlusion of flow within the target or other vessel which was previously documented to be

intraprocedural patent with antegrade flow. Might be due to twistingZor kinking of the stent, fpilure of the
stent to fully open, dissection or any other cause. The imaging modality should be specified.
Vegsel occlusion, late Occlusion of flow within the target or other vessel which was previously docunjented to be

patent with antegrade flow occurring greater'than 30 d following the procedure. |
to twisting or kinking of the stent, intimal. hyperplasia, dissection or any other ca
occlusion and imaging modality should be'specified.

Night be due
use. Time of

Vegsel occlusion,
per{procedural

Occlusion of flow within the target(or other vessel which was previously docunjented to be

patent with antegrade flow withinx30 d of the procedure. Might be due to twistir
of the stent, dissection, or anyother cause. Time of occlusion and imaging mo
be specified.

g or kinking
Hality should
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Annex D
(informative)

Test methods

D.1 General

The informa
in order to
of the testsg

tion included in this annex is intended to provide guidance for preclinical in vitro testing perfor
erify the design of the stent system and provide guidance for reporting. It is recognised-that ng
described in this annex are applicable for each stent system design. It is also recoghised

testing intepded to assure that the device meets specifications during manufacture might notcbe conducts

accordance

To assure

with the details outlined in this annex.

consistency in the testing of devices, use of the methods in this annexvis recommende

alternative methods are employed, these methods should be justified.

In some ca
ISO 25539
that they s
recognised
those tests
listed in the

Some requ
as either th
compatibilit

The use of

D.2 Sam

A sampling
obtained fo
representat

The sampli

ses in this annex, one or more of the methods for the tests identified in the body of this pa
were combined into a single method. It was recognised during the drafting of these test meth
hould be combined to reflect the manner in which this testing is often conducted. It is
that additional methods might be combined when testing.is‘conducted for a specific device.
performed simultaneously, the report should provide the.individual test results for each of the t
body of this part of ISO 25539.

rements in the body of the document do not have,associated test method guidance in this an
b methodologies have not been standardized of’are better addressed by other standards (e.g.
y, pharmacokinetics for drug eluting stents).

shall” indicates requirements strictly to-be followed in order to conform to the recommended te

pling

plan should be utilized ‘which will ensure that adequate representation of the data has b
- each parameter measured. The design characteristics of the test article should be verified t
ve of the devicesto\be released for distribution, including all sizes, configurations and compon

ng should fully/represent the range of device designs and might not necessarily require the teg

of each siz¢. The stent\Sizes selected for testing should represent the worst case combination(s) of diam

and length
an analysis

or each test. A rationale should be provided for sample selection. It might be necessary to con
to identify the size(s) of the device with the greatest potential for failure.

med
t all
that
din

.

rt of
ods
also
For
psts

hex,
MRI

een
b be
ents.

ting
eter
Juct

Sampling s

hordd ensure ndpqunfp rpprpepnfnfinn of the pyppr‘tpd \mriahilify in the manufacture of devices

For those tests with specified confidence and reliability parameters, the sample size should have a statistical
basis. For all tests, the number of samples shall be justified.

Additional recommendations regarding sampling are included with each test method as appropriate.

D.3 Conditioning of test samples

All samples should be subjected to sterilization, including multiple sterilizations, if appropriate, unless

justification

48

is provided for use of non-sterilized products.
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Samples should be subjected to conditions that are normally encountered and that might affect the test results.
Conditioning might include loading the stent on or inside the delivery catheter, preconditioning of the stent
system as recommended in the instructions for use (IFU), single or multiple passes through an anatomical
model, and deployment of the stent.

A simulated physiological environment (e.g. a temperature-controlled water bath) should be used when
appropriate.

D.4 Reporting

For

The
sunf
Ann
upo|

As
incl
mofr
app
pag

Indi

l

the purposes of this annex, reporting relates to requests from a national regulatory authoritys¢

test report for the preclinical in vitro testing should include an executive summary.of all t
mary should include identification of tests, with the rationale for the omission of any tests
ex B or the selection of alternative tests. The information provided in each test, report shoul
n a prospectively defined test protocol.

mmary of results, with acceptance criteria and any potential clinical significance of the results
ded and can be in tabular form. Consideration shall be given tq (the” anatomical, physid
phological conditions of the intended use in establishing the acceptance criteria. Justification
icability of acceptance criteria for each test shall be provided. Atable of contents should be p
s should be numbered sequentially.

Vidual test reports should include the following information:

purpose: state the purpose of the test as it corresponds to this part of ISO 25539;

materials: list all materials (e.g. test articles;with lot/serial numbers or other appropriatg

traceability, equipment) used in performing the test, using figures and diagrams as appropriatg;

sampling: state the sampling plan, including the basis for and the number of samples tested;
test article shall be justified (e.g. sizes, conditioning);

acceptance criteria: state the acceptance criteria for the test results;

test method: describe in-detail the method used to perform the test, including any prospectiy
inspection procedures;-and provide a justification for critical test parameters;

bsting. This
dentified in
d be based

, should be
logical and
and clinical
rovided and

means of

selection of

rely defined

protocol deviations:xdescribe any deviations and their potential significance on the interpretation of the

results;
expression, Of results: describe testing results expressed in units as indicated in the test methg

conclusion: state conclusions, based on comparing results to acceptance criteria, including a
clinical significance of these results.

d;

ny potential

D.5 Test methods

NOTE

the recommended test method.

© 1SO 2008 — All rights reserved
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D.5.1 Stent system

D.511 D

D.5.1.1.1

imensional verification and component dimension compatibility

Purpose

The purpose of this test is to determine the stent system dimensions, including, but not limited to, the outer
diameter, guidewire lumen diameter and useable length, for verification to design specifications, and to
evaluate the dimensional compatibility between the stent system and the recommended accessory devices
listed in the product IFU. The relevant design evaluation sections of this part of ISO 25539 include 8.5.1, 8.5.2,

tor,
fied
tive

nce
hall

e of
the

and

8.5.3 and 8[5-5:

D.5.1.1.2 |Materials

D.5.1.1.2.1 Stent system.

D.5.1.1.2.2 Accessory devices necessary to accomplish deployment in accordance with the IFU.

D.5.1.1.2.3 Measuring equipment for diameters (e.g. micrometer, optical profile projed

laser-micrometer, appropriate profile hole gauges), capable of measuring.-to 10 % of the spec

tolerance dr 1 % of the measured value. If a tolerance is specified, the lesser value of the respe

percentage|shall be used.

D.5.1.1.2.4 Measuring equipment for length, capable of measuring to 10 % of the specified tolerg

or 1 % of the measured value. If a tolerance is specified, the lesser value of the respective percentage §

be used.

D.5.1.1.2.5 Wire mandrels/pin gauges/guidewires (for.the delivery system inner lumen), capab

measuring fo 10 % of the specified tolerance or 1 % of:the measured value. If a tolerance is specified,

lesser valug of the respective percentage shall be used.

D.5.1.1.3 |Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.1.4 |Conditioning

Conditioning shall be in accordanee’with Clause D.3.

D.5.1.1.5 |Test method

Develop a test methgd)based on the following:

a) insert gn appropriate guidewire or mandrel into the stent system lumen to verify the lumen dimension
guidewfire'compatibility;

b) measure the maximum outer diameter of the stent system or verify that the outer diameter fits through the

appropriately sized profile hole gauge; it is only necessary to measure the region of the stent system
intended to be passed through the specified introducer sheath and consideration should be given to the
potential for asymmetry;

intended to be passed through the introducer sheath;

50

measure all other appropriate dimensions;

verify compatibility with all types of recommended accessory components.

measure the length of the stent system; it is only necessary to measure the region of the stent system
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D.5.1.1.6 Expression of results

Length shall be expressed in centimetres. Other dimensions shall be expressed in millimetres. Results
regarding the compatibility of the recommended accessory devices and the verification of the lumen and outer
diameters, if applicable, shall be documented.

D.5.1.1.7 Test report

The test report shall be in accordance with D.4. The test report shall include the maximum, minimum, mean
and standard deviation of all measured dimensions, the results of any verified dimensions, and the results of
the ahservations of the accessory (‘nmpafihilify

NOTE Additional guidance can be found in ASTM F2081[23],
D.5/1.2 Profile/diameter test

D.5/1.2.1 Purpose

Thel| purpose of this test is to determine the maximum diameter along sections’ of the stent systenp in order to
evaluate the dimensional compatibility between the stent system and the\vasculature, including the lesion to
be treated. The relevant design evaluation section of this part of ISO 25539 includes 8.5.1.

D.5/1.2.2 Materials
D.5]1.2.2.1 Stent system.

D.5/1.2.2.2 Measuring equipment for diameters (e.g. micrometer, optical profile| projector,
lasg@r-micrometer), capable of measuring to 10 % ofithe specified tolerance or 1 % of the measufed value. If
a tolerance is specified, the lesser value of the respective percentage shall be used.

D.5/1.2.2.3 Recommended guidewire or-equivalent, as appropriate.
D.5]1.2.3 Sampling

Sampling shall be in accordance-with Clause D.2.

D.5{1.2.4 Conditioning

Corditioning shall be‘imaccordance with Clause D.3.

D.5]1.2.5 Test-method

Develop a-fest method based on the following:

a) |if"applicable, insert an appropriate guidewire into the stent system such that it extends past the end of the
stent system;

b) measure the maximum outer diameter of the stent system. Consideration should be given to the potential
for asymmetry; it is necessary to measure the region that is intended to pass through a vessel and/or
vessel lesion, and the region that contains the stent.

D.5.1.2.6 Expression of results

Diameters measured shall be expressed in millimetres.
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D.5.1.2.7

Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the measured outer diameter of the stent system and the diameter of the region

containing t

NOTE

he stent for each size tested.

Additional guidance can be found in ASTM F2081[23],

D.5.1.3 Simulated use

D.5.1.3.1

The purpos|
the intende
flex/kink, py

the vessel
include 8.5.

D.5.1.3.2
D.5.1.3.2.1
D.5.1.3.2.2
D.5.1.3.2.3
angulation

design of th

D.5.1.3.2.4
(37 +2) °C,

D.5.1.3.3
Sampling s
D.5.1.3.4
Conditionin
D.5.1.3.5
Develop a t

a) conneg

pressu

Purpose

] use conditions. This test addresses the requirements for qualitative evaluation of simulated

wall is also to be evaluated. The relevant design evaluation sections of this, part of 1ISO 25
1,8.5.2,8.5.3,8.6.1,8.6.2, 8.6.4 and 8.6.5.

Materials
Stent system.
Accessory devices, necessary to accomplish deployment in accordance with the IFU.
Anatomical model, that includes a delivery pathway and a deployment location.
and tortuosity of the intended stent location and delivery pathway should be considered in

e model. Use of a compliant model should be considered.

Fluid fixture, capable of delivering watet”or appropriate fluid, at physiological temperd
pulsatile pressures, and antegrade or retrograde flow, as appropriate.

Sampling

pall be in accordance with Clause D.2.
Conditioning

j shall be in accordanee with Clause D.3.

Test method

st method )based on the following:

e of this test is to evaluate the performance of the stent system using a model(s) that simulafe(s)

use,

shability, torquability and trackability of the stent system. Conformability of the deployed stent to

539

The
the

ture

t the_anatomical model to the fluid fixture and allow the test system to stabilize (e.g, tempera
[€);

ure,

b)
c)

d)

insert the appropriate accessory devices (e.g. guidewire, introducer sheath) in the fixture;

following the IFU, insert, deliver and deploy the stent in the model and withdraw the delivery system;

evaluate the ease of advancing the delivery system into the model (pushability), the ability to transmit

torque from the proximal end to the distal end of the catheter (torquability) if applicable, and the ability of
the delivery system to track over a guidewire during insertion around bends in the model (trackability);

e)

note any anomalies, such as kinking or buckling of the system, the inability to fully and accurately deploy

the stent, stent dislodgment while withdrawing the delivery system and any other appropriate
observations;
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visually inspect the deployed stent in the anatomical model, note the conformance to the model vessel

wall, the placement accuracy, kinks, undesirable bends, twisting, excessive unintended sten
non-uniformity, component separation, any damage and any other critical observations;

inspect the delivery system, note any damage and any other critical observations;

t expansion

to evaluate delivery and deployment for multiple stents, repeat steps c) to g) with additional stent systems.

D.5.1.3.6 Expression of results

Forﬁwmawmwwmw i i ili i
system should be documented.

D.5
The)
of t
ove
flex

doc
of th

D.5

D.5
The

tecH
8.5.

D.5
D.5

D.5
mar|

D.5

NOT
equi

D.5

D.5

1.3.7 Testreport

ne ability to access, deploy and withdraw the stent system. Critical observations regarding
[lapping stents shall be reported, where appropriate. The test fluid shall’ bg” identified. Thg
kink, pushability, torquability (if applicable) and trackability of the stefit)system should be
Umented as well as the conformity of the stent(s) to the vessel wall. Thereport shall include a
e anatomical model used, including the geometry and material of construction.

1.4 Visibility
141 Purpose

purpose of this test is to evaluate the ability to visualize the stent system and/or stent using
niques specified in the IFU. The relevant design evaluation sections of this part of ISO 25

1,8.5.2, 8.5.3 and 8.6.1.

1.4.2 Materials

1.4.21 Stent system.

1.4.2.2 Phantom tissue-model, or equivalent, with appropriate accessories, such as
kers and a ruler.

1.4.2.3 Imaging system, capable of operating at clinically relevant power levels.

E Visibility 4s ‘significantly affected by variations in equipment and parameter settings. In the sel
pment used fof.this evaluation, consideration should be given to this variability.

14.2.4 Accessory devices, necessary to accomplish deployment in accordance with the
14.3° Sampling

w the stent

test report shall be in accordance with Clause D.4 and shall include all critical 6bservations and aspects

multiple or
results for
individually
description

the imaging
639 include

radiopaque

ection of the

IFU.

Sampling shall be in accordance with Clause D.2.

D.5.

Con

1.4.4 Conditioning

ditioning shall be in accordance with Clause D.3.
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D.5.1.4.5

Test method

Develop a test method based on the following:

position the stent system and the phantom tissue model to simulate clinical conditions;

use the imaging system to visualize the stent system and any radiopaque markers;

qualitatively examine the images for ease of visibility, e.g., the degree of visibility can be assessed by

locating the exact ends, orientation of critical points and/or parts of the stent system; alternatively, the

of visibility can be compared to a specified control device;

a)
b)
c)

degree
d)
D.5.1.4.6

This is a gdalitative assessment. Record the degree of visibility for all applicable components at the var|

stages of th

D.5.1.4.7

The test rej
results (e.g

imaging equipment, the parameter settings and details of the phantom tissue model.

D.51.5 F

D.5.1.5.1
The purpos

deployment
includes 8.5

D.5.1.5.2
D.5.1.5.2.1
D.5.1.5.2.2
D.5.1.5.2.3
angulation

design of th

D.5.1.5.2.4

repeat Ja) to c) for the stent during deployment and after withdrawal of the delivery system.

Expression of results

e testing and any comparison to a specified control.

Test report

ort shall be in accordance with Clause D.4 and shall include the/assessment of visibility and vi
representative fluoroscopic images). The test report shall als¢ include the make and model of

brce to deploy

Purpose
b of this test is to determine the force to deploy the self expanding stent. All applicable steps o

process will be evaluated. The relevant design evaluation section of this part of ISO 25
2.

Materials
Stent system.
Accessory devices, necessary to accomplish deployment in accordance with the IFU.
Anatomical ) model, that includes a delivery pathway and a deployment location.

and tortuosity<of the intended stent location and delivery pathway should be considered in
e model.

capable of ||neasuring force to an accuracy of + 5 % of the reported value.

Force measuring mechanism, (e.g. force gauge, universal mechanical testing syst¢

ous

sual
the

the
539

The
the

bm),

D.5.1.5.2.5

D.5.1.5.2.6

D.5.1.5.3

Gripping fixture.
Temperature controlled environment (37 =+ 2) °C.

Sampling

Sampling shall be in accordance with Clause D.2. Devices to be tested should represent worst-case
deployment force conditions (e.g. greatest bulk within the sheath or cover, highest compression ratio). The
effect of device diameter and length should be taken into consideration in the selection of devices for testing.
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1.5.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.

1.5.5 Test Method

Develop a test method based on the following:

a)

prepare the stent system in accordance with the IFU;

insert the stent Q\J/cfnm into the anatomical mndnl;

-2:2008(E)

D.5

The
recq

D.5

Tes
star

D.5

D.5

The]
inflg
pro

rele|

NOT

D.5

attach the deployment mechanism to the load measuring equipment;
allow the device to stabilize at physiological temperatures;

initiate and complete the deployment per the IFU at a rate that simulates ¢linical use while mg
force to deploy (e.g. uncover) the self-expanding stent;

record any anomalous observations (e.g. buckling) for each test.sample.

1.5.6 Expression of results

maximum force of each step required to deploy (e,g. uncover) the stent is recorded in ne
rd any anomalous observations (e.g. buckling) for each test sample.

1.5.7 Testreport

I report shall be in accordance with Clause D.4 and shall include the maximum, minimum
dard deviation of the deployment forces-and any anomalous observations.

1.6.1 Purpose

purpose of this test(s)to determine the time required to inflate the balloon to the maximum req
tion pressure, valumme or diameter and to measure the time required to deflate the balloo
ides information that might be clinically useful for treatment planning (e.g. potential occlusior
vant design.evaluation section of this part of ISO 25539 includes 8.5.2.

E This’test might also be of importance in evaluating the ability to withdraw.

1.6:2 Materials

secure the hub or proximal end of the stent system such that it remains stationary during-testing;

1.6 Balloon inflation and deflation time (balloon expandable or balloon assisted stents)

asuring the

wtons. Also

mean and

ommended
n. This test
time). The

D.5.

D.5.

D.5.

D.5.

D.5.

1.6.2.1 Stent system.
1.6.2.2 Recommended guidewire or equivalent.
1.6.2.3 Temperature controlled water bath (37 + 2) °C.

1.6.2.4 Contrast medium, in accordance with the IFU.

1.6.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring pressure or
volume with accuracy of + 5 % of the reported value, and of maintaining the inflation pressure or volume.
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D.5.1.6.2.6 Rigid tube, of a diameter that represents the largest recommended stent or vessel diam
for the compliant balloon under test. No tube is necessary for semi- and non-compliant balloon testing.

D.5.1.6.2.7 Timer, with an accuracy of + 0,2 s.
D.5.1.6.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.1.6.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.1.6.5 |Test method

Develop a test method based on the following:

a) prepar¢ the stent system;

b) insert the appropriate guidewire in the device;

c) submefge the device in the water bath and insert into the rigid tube, if appropriate;

d) allow t¢ equilibrate to test temperature;

e) inflate the balloon in accordance with the IFU, simulating clinical use, at a specified rate;

f)  time thg balloon inflation period to the maximum inflation-pressure, volume or diameter as indicated in
IFU;

g) deflate|the balloon in accordance with the IFU andtime the balloon deflation period.

D.5.1.6.6 |Expression of results

The inflatiop and deflation times should-be expressed in seconds.

D.5.1.6.7 |Test report

The test rgport shall be in @gcordance with Clause D.4 and include the maximum, minimum, mean
standard dg¢viation of the,'balloon inflation and deflation times. The definition of the inflation and defls
endpoints ghall also be feported. The fluid used for inflation and the inflation pressure and rate shal
reported. Any anomalies observed shall be reported.

D.5.1.7 Blalloon rated burst pressure (RBP) (balloon expandable or balloon assisted stents)

D.5.1.7.1 Purpose

eter

the

and
tion
be

The purpose of this test is to determine the rated burst pressure (RBP) of the balloon when used with the stent.

The relevant design evaluation section of this part of ISO 25539 includes 8.5.2.
NOTE This test might also be of importance in evaluating the ability to withdraw.
D.5.1.7.2 Materials

D.5.1.7.2.1 Stent system.

D.5.1.7.2.2 Temperature-controlled water bath (37 + 2) °C.
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D.5.1.7.2.3 Fluid for inflation, e.g. room temperature water.

D.5.1.7.2.4 Leak detection mechanism, e.g. dye in the test fluid, pressure drop monitor, flow rate

monitor.

D.5.1.7.2.5 Inflation device, syringe or equivalent, fitted with a means of measuring pressure to an

accuracy of £ 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.1.7.2.6 Timer, with an accuracy of + 1 s.

D.51.73—Sampling

Sampling shall be in accordance with Clause D.2.

D.5{1.7.4 Conditioning

Corditioning shall be in accordance with Clause D.3.

D.5]1.7.5 Test method

Develop a test method based on the following:

a) |prepare the stent system;

b) |submerge the device in the water bath;

c) |allow to equilibrate to test temperature;

d) [inflate the balloon with the mounted stent or;within an appropriate stent for balloon-assisted deployment
to a value less than the estimated rated burst pressure; hold the inflation pressure cornstant for a
minimum of 10 s and inspect the balloon fer leakage or burst;

e) |if no leakage is noted, with thé balloon inside the stent, increase the pressure by an increment
appropriate to the balloon being-tested and hold the pressure for a minimum of 10 s;

f) |repeat step e) until the balloon leaks or bursts; any persistent leak or decrease in pressure, whether due
to failure of the balloon, shaft, or proximal or distal seals, should be considered a failure (“bursfing”) in this
test; record the burst pressure and describe the location and failure mode (e.g. seal leaks, balloon rupture,
fragmentation);

g) |repeat this test.with a sufficient number of samples;

h) |calculatethe rated burst pressure; for balloon expandable stents, the rated burst pressure (RBP) is based
uponithe results of this testing that shows statistically with at least a 95 % confidence that 99,9 % of the
balleons will not burst at or below this pressure.

The RBP can be calculated in the following manner.

Using a one-sided tolerance limit for a normal distribution:

RBP =X — K(SD)

where

K is the factor of a one-sided tolerance limit for a normal distribution (K is found in statistica
is dependent on P, C and N);

P =0,999 (99,9 %);
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X

SD

= 0,95 (95 % confidence);
is the number of balloons tested;
is the mean balloon burst pressure;

is the standard deviation of balloon burst pressure.

For balloons used for balloon-assisted deployment, a lesser reliability might be appropriate.

D.5.1.7.6

The individyial burst pressures and the RBP should be expressed in atmospheres or kilopascals. Calculatg

mean and
be used for

D.5.1.7.7

Expression-ofresults

tandard deviation of the burst pressure. Appropriate confidence and reliability parameters sh
determining RBP.

Test report

The test re
calculated

modes. If |
parameters

NOTE A

D.5.1.8 Balloon rated fatigue (balloon expandable or balloon-assisted stents)

D.5.1.8.1

The purpos
relevant de

NOTE 1

D.5.1.8.2

D.5.1.8.2.1
D.5.1.8.2.2
D.5.1.8.2.3

D.5.1.8.2.4
monitor.

o}
EBP, the maximum, minimum and standard deviation of the burst data/and any observed fa

rt shall be in accordance with Clause D.4 and shall include the mean.burst pressure (MBP)

sser reliability parameters are specified, justification shall be provided for the selection of th

dditional guidance can be found in ISO 10555-415],

Purpose

e of this test is to evaluate the ability of the balloon to withstand repeated inflation cycles.
5ign evaluation section of this part of ISQ 25539 includes 8.5.2.

'his test might also be of importance in eyaluating the ability to withdraw.

Materials
Stent system.
Temperature-controlled water bath (37 + 2) °C.
Fluid forinflation, e.g. room temperature water.

Leak “detection mechanism, e.g. dye in the test fluid, pressure drop monitor, flow

the
buld

the
lure
ese

The

D.5.1.8.2.5
accuracy of

D.5.1.8.2.6

+ 5 % of the reported value, and capable of maintaining the inflation pressure or volume.

Compliant tube, (with a clinically relevant compliance) of a diameter that represents

nftatror—device—syrt vatent—fitted-wi f . an

the

largest recommended vessel diameter for the stent system under test in order to keep the stent from moving

excessively

D.5.1.8.2.7

D.5.1.8.3

during the inflation cycles.

Timer, with an accuracy of + 1 s.

Sampling

Sampling shall be in accordance with Clause D.2.
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D.5.1.8.4 Conditioning

Conditioning shall be in accordance with Clause D.3.
D.5.1.8.5 Test method

Develop a test method based on the following:

a) prepare the stent system;

b) Sl |hmnrgn the device inthe water bath and insert the. r\nmplinnf 1 |hn;

c) |allow to equilibrate to test temperature;

d) |inflate the balloon, using clinically relevant rates, to the rated burst pressure or maximum giameter as
indicated in the IFU, for a minimum of 30 s or for the length of time stated in the {FU;

NOTE If the length of time stated in the IFU is longer than 30 s, the specified length of time should be|used for this
test|unless adequate justification is provided for using the shorter duration.

e) |deflate balloon using clinically relevant rates;
f) |repeat steps d) and e), with the balloon inside the stent, for a minimum of 10 cycles;
g) |if any persistent leak or decrease of pressure or volume, occurs during testing, record thg number of

cycles and the mode of failure; any such leak or decrease in pressure due to failure of the balloon, shaft,
or proximal or distal seals, should be considered a failure in this test.

D.5]1.8.6 Expression of results

Thel maximum inflation diameter or pressure wused shall be expressed with diameter in millimetres,|pressure in
kilopascals or atmospheres.

D.5/1.8.7 Test report
Thel test report shall be in accordance with Clause D.4 and shall include the number of cycles $uccessfully
conlpleted, the maximum number of cycles expected clinically, any observed failure modes and the maximum
inflgtion diameter or pressure:

NOTE Additional-duidance can be found in ISO 10555-4[3],
D.5.2 Deliverysystem

D.5]2.1, ‘Bond strength

D.5.ZT.T Purpose

The purpose of this test is to determine the bond strength of the joints and/or fixed connections of the delivery
system. The relevant design evaluation sections of this part of ISO 25539 include 8.5.1, 8.5.2 and 8.5.3.

D.5.2.1.2 Materials
D.5.2.1.21 Delivery system, or appropriate component joints and/or fixed connections.
D.5.2.1.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of

measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse and appropriate
gripping fixtures.
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D.5.2.1.2.3 Temperature controlled environment (37 + 2) °C, as appropriate.
D.5.2.1.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.2.1.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.1.5 |Test method

For bonds that will be subjected to physiological temperatures, testing should be performed at (37)+2) °C or
immediately after conditioning at this temperature.

Develop a test method based on the following:

a) using d mechanical testing system with an appropriate crosshead speed (e.g. 200.mm/min), apply tension
to each] bonded joint or to a series of bonded joints until a bond breaks or loses:functional integrity;

b) record the force at which failure occurs and describe the type and location©f the failure.
D.5.2.1.6 |Expression of results
Bond strength shall be expressed in newtons.

D.5.2.1.7 |Test report

The test report shall be in accordance with Clause D.4-and shall include the type and location of the failure,
and the makimum, minimum, mean and standard deviation of the bond strength.

NOTE Additional guidance can be found in IS0 0555-1(2],
D.5.2.2 Tprsional bond strength

D.5.2.2.1 |Purpose

The purposg of this test is to detefmine the torsional bond strength of the joints and/or fixed connections of the
delivery sygtem. The relevant design evaluation sections of this part of ISO 25539 include 8.5.1 and 8.5.3.

D.5.2.2.2 |Materials

D.5.2.2.21 Delivery system, or appropriate component joints and/or fixed connections.
D.5.2.2.2.2 RU\’UIIIIIIGIIGCJ 9u;dcw;lc, Ul cqu;va:cl It, If dapgpropl iatc.
D.5.2.2.2.3 Torque testing system, equipped with a suitable gauge capable of measuring to an

accuracy of £ 5 % of the reported value.

D.5.2.2.2.4 Temperature controlled environment (37 + 2) °C, as appropriate.

D.5.2.2.3 Sampling

Sampling shall be in accordance with Clause D.2.
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D.5.2.2.4 Conditioning

Conditioning shall be in accordance with Clause D.3.

D.5.2.2.5 Test method
For bonds that will be subjected to physiological temperatures, testing should be performed at (37 + 2) °C.
Develop a test method based on the following:

a msart the dalivanssvetam orcombonentoverthe-auidawira if annronriate-
HSEHRe-a8 e /-SYSto -0 PpoReRit+-oY8re-gtHaeWie——apPpropHato;

b) |affix one end of the test sample in a clamping apparatus;
c) |attach other end of the test sample to the torque gauge;

d) |apply a torque (twisting force), at a rate characteristic of that used in a typical'Clinical deployment, to one
end of the sample until the joint and/or delivery system breaks or loses functional integrity;

e) |record the torque value at which failure occurs and the failure mode andjlocation.
D.5]2.2.6 Expression of results
Torgional bond strength shall be expressed in newton metres.

D.5J2.2.7 Test report

Test report shall be in accordance with Clause D.4 and shall include the mode and location of the(failure, and
the maximum, minimum, mean and standard deviation of the torsional bond strength.

D.5.3 Stent
D.5/3.1 Stent diameter to balloon inflation pressure

D.5/3.1.1 Purpose

The| purpose of this test.is_to determine the relationship between the stent diameter and the ballgon inflation
pregsure for balloon expandable stents. The relevant design evaluation section of this part of| ISO 25539
incllides 8.6.4.

D.513.1.2 Materials

D.5)3.1.2{1 Stent system.

NOTE This test is not designed to evaluate the entire system: however the system is required to deploy the stent
that is under test.

D.5.3.1.2.2 Inflation device, syringe or equivalent, fitted with a means of measuring pressure to an
accuracy of + 5 % of the reported value, and capable of maintaining the inflation pressure.

D.5.3.1.2.3 Fluid for inflation, e.g. room temperature water.
D.5.3.1.2.4 Measuring equipment for diameters (e.g. micrometer, optical profile projector,
laser-micrometer) capable of measuring to 10 % of the specified tolerance or 1 % of the measured value. If a

tolerance is specified, the lesser value of the respective percentages shall be used.

D.5.3.1.2.5 Temperature controlled environment (37 + 2) °C, as appropriate.
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D.5.3.1.3

Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.1.4

Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading and preconditioning.

Test method

D.5.3.1.5
Develop a t
a) inflate
choser
range (
b) determ
length
c)

The entire

simulate the inflation method used clinically.

D.5.3.1.6

The stent ¢
atmospherg

D.5.3.1.7

The test re
standard dg
can be repqg

D.5.3.2 Djimensional verification and’stent length to diameter relationship

D.5.3.21
The purpog
length of a
of this part

Other meas

inflatiop should not be terminated until the balloon reaches the rated burst presSure.

estmethod-based o the-fottowing:

he balloon incrementally, allowing the system to stabilize between intervals; pressures shoul
to determine the stent diameter at appropriate intervals (e.g. 1 atm or 1 bar) over-the’indic
f diameters;

ne the average diameter of the stent at each pressure interval at appropriate-locations along
pf the stent; these measurements should be taken immediately after stabilization;

fest should be completed rapidly to minimise the effects of viscoelastic behaviour and to b¢

Expression of results

iameters should be expressed in millimetres and \the associated pressures in kilopascals an
S.

Test report
port shall be in accordance with Clause'D.4 and shall include the maximum, minimum, mean

viation of the stent diameter (innef or outer) measurements and associated pressures. These
rted in tabular or graphical format,

Purpose

e of this test/is\io determine the length to diameter relationship of the stent, the unconstra
Self-expanding-stent and the wall thickness(es) of the stent. The relevant design evaluation sed
bf ISO 25539 includes 8.6.1 and 8.6.4.

urements might be needed to completely verify the dimensions of a particular stent.

il be
hted

the

btter

d/or

and
Hata

ned
tion

D.5.3.2.2

D.5.3.2.2.1

NOTE
that is under

D.5.3.2.2.2

Materials

Stent system.

test.

Measuring equipment for diameters (e.g. micrometer, optical

This test is not designed to evaluate the entire system; however, the system is required to deploy the stent

profile projector,

laser-micrometer, calipers) capable of measuring to 10 % of the specified tolerance or 1 % of the measured
value. If a tolerance is specified, the lesser value of the respective percentages shall be used.
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3.2.2.3

Measuring equipment for wall thickness(es) (e.g. microscope with calibrated eyepiece,

constant load thickness gauge, optical profile projector, laser-micrometer) capable of measuring to an
accuracy of £ 5 % of the reported value.

D.5.3.2.2.4 Measuring equipment, for lengths capable of measuring to 10 % of the specified tolerance
or 1 % of the measured value. If a tolerance is specified, the lesser value of the respective percentage shall
be used.

D.5.3.2.2.5 Clear rigid tube, with inner diameters corresponding to the minimum and maximum vessel

diameters indicated in the IFU for each stent size under test.

D.5)3.2.2.6 Accessory devices, necessary to accomplish deployment in accordance with the[IFU.

D.5)]3.2.2.7 Temperature controlled environment (37 +2)°C for stents with dimensions that are

sensitive to changes between ambient and physiological temperatures.

D.5]3.2.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5]3.2.4 Conditioning

Corditioning shall be in accordance with Clause D.3.

D.5{3.2.5 Test method

Develop a test method based on the following:

NOTE 1 For a balloon expandable stent with significant recoil, there might be difficulty in obtaining appropriate

app¢sition of the stent to the wall of the tube. Alternative methodology might need to be developed to pppropriately

evalpate this attribute for such devices.

a) |measure the mounted length of the'stent;

b) |deploy the stent in accordanee with the IFU into the rigid tube that represents the minimpm nominal
diameter for each stent configuration following the IFU;

c) |measure the stent length within the tube;

NOTE 2 It might be appropriate to measure the length of a balloon expandable stent with the balloon inflated.

d) [repeat stepsib)-and c) using the rigid tube that represents the maximum nominal diameter fof each stent
configuration; for self expanding stents, also deploy the stent without diameter constraint and measure
the outer diameter(s) and length; outer diameter(s) shall be measured at both ends of the sternt and in the
middle-of the stent in two perpendicular directions, after deployment in accordance with the IFU;

Ind minimum
values.

e) for balloon expandable stents remove the stent from the maximum diameter rigid tube;

f) for both stent types, measure the wall thickness(es) of the unconstrained stent at multiple axial and
circumferential locations; if the wall thickness of the stent is non-uniform by design, the wall thickness of
each representative stent region shall be measured and the results for each region shall be reported
separately.

NOTE 4  Devices can be re-used, if appropriate and justified.

The stent length to diameter relationship might be affected by angulation. Additional testing or analyses
should be considered to evaluate the effect of angulation on this parameter, as appropriate.
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D.5.3.2.6

Expression of results

Stent length, diameter and wall thickness shall be reported in millimetres. In addition, any and all changes in
length measured after deployment shall be reported as percentages of the undeployed length.

D.5.3.2.7

Test report

The test report shall be in accordance with Clause D.4 and include the maximum, minimum, mean and
standard deviation of all measured and calculated values. The length to diameter relationship should be
reported in a tabular format, including both absolute values and percentages.

NOTE Additional guidance can be found in ASTM F2081(23],
D.5.3.3 Recoil
D.5.3.3.1 |Purpose

The purpog
expandable
state. The r

D.5.3.3.2
D.5.3.3.2.1

NOTE )
that is under

D.5.3.3.2.2

D.5.3.3.2.3
accuracy of

D.5.3.3.24
D.5.3.3.2.5
laser-micrg

tolerance is

D.5.3.3.2.6
sensitive to

D.5.3.3.2.7

D.5.3.3.3

e of this test is to determine the amount of elastic recoil after the deployment of a ball
stent in the absence of external loading to determine the diameter of\the stent in its deplg
blevant design evaluation section of this part of ISO 25539 includes 8.6.2’and 8.6.4.

Materials
Stent system.

[his test is not designed to evaluate the entire system; however, the system is required to deploy the
test.

Accessory devices, necessary to allow fot’appropriate expansion of the stent.

Inflation device, syringe or equijvalent, fitted with a means of measuring pressure {d
+ 5 % of the reported value, and capable of maintaining the inflation pressure.

Fluid for inflation, e.g. room temperature water.
Measuring equipment’ for diameters (e.g. micrometer, optical profile projed
pmeter) capable of measuring to 10 % of the specified tolerance or 1 % of the measured value

specified, the lesser-value of the respective percentages shall be used.

Temperature-controlled environment (37 + 2) °C for stents with material properties that
changes betweéen ambient and physiological temperatures.

Timer; with an accuracy of + 1 s.

Sampling

bon-
yed

btent

an

tor,
If a

are

Sampling shall be in accordance with Clause D.2.

D.5.3.3.4

Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading and preconditioning.
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3.3.5 Test method

Develop a test method based on the following:

a)

b)

inflate the balloon to expand the stent using the recommended inflation pressure and hold the
allow the balloon and stent to stabilize (approximately 30 s);

pressure to

determine the average outer diameter of the stent at appropriate locations along the length; outer
diameter(s) shall be measured at both ends of the stent and in the middle of the stent in two

perpendicular directions after deployment, in accordance with the IFU;

D.5

The)

D.5
The]
star
ster

NOT

D.5

D.5

The]
circ
ISO

NOT
com

deflate and remove the balloon catheter;
allow the stent to stabilize (approximately 30 s);
repeat step c) at the same locations;

calculate the average percent recoil at each longitudinal location and/or forthe entire length
as appropriate, using the following equation:

outer diameter (inflated) — outer diameter (final)
outer diameter (inflated)

% stent recoil = x 400

3.3.6 Expression of results

stent recoil shall be expressed in percent.

3.3.7 Testreport

test report shall be in accordance with Clause D.4 and shall include the maximum, minimum
dard deviation of the recoil percentages ‘at each longitudinal location and/or for the entire le
t, as appropriate.

E Additional guidance can be found in ASTM F2079(22],
3.4 Crush resistance with radially applied load

3.41 Purpose

purpose of~the test is to determine the load/deformation characteristics of the ste
imferentially,.uniform radial load is applied. The relevant design evaluation section of
25539 includes 8.6.2 and 8.6.5.

E Although similar, crush resistance with a radially applied load, crush resistance using parallel

bf the stent,

, mean and
ngth of the

nt while a
his part of

plates, local

pression and radial force tests measure different attributes of the stent, as follows:

the crush resistance test with a radially applied load measures the ability of a balloon-expandable s
permanent deformation when subjected to a circumferentially uniform radial load;

tent to resist

the crush resistance test using parallel plates measures the ability of a stent to resist permanent deformation along

the entire length of the device when subjected to a load uniformly applied over the length of the device;

the local compression test measures the ability of a stent to resist permanent deformation under a localized

(e.g. point) load;

the radial force test measures the force exerted by a self-expanding stent on the vessel in the deployed state during

expansion and compression.
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D.5.3.4.2 Materials
D.5.3.4.2.1 Stent system.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the stent
that is under test.

D.5.3.4.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of
measuring force to an accuracy of + 5 % of the reported value and a constant rate of traverse, and appropriate
gripping fixtures and circumferential tension devices (e.g. loop, snare).

D.5.3.4.2.3 Mechanical radial force testing system (e.g. iris tester) equipped with a suitable Ioad'l cell
capable of measuring force or pressure to an accuracy of + 5 % of the reported value and a constant rate of
traverse.

D.5.3.4.2.4 Temperature controlled environment (37 + 2) °C for stents with material properties thaf are

sensitive to|changes between ambient and physiological temperatures.

D.5.3.4.3 |Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.4.4 |Conditioning

Conditioning shall be in accordance with Clause D.3 and shalk\include loading, preconditioning [and
deployment.

D.5.3.4.5 |Test method
Develop a test method based on the following:
a) place the stentin the test fixture;

b) comprgss the stent using a uniform rate of compression; start with a diameter equal to the maximum
indicat¢d vessel diameter;

c) record the load and the associated diameter while compressing the stent until an appreciable reductign in
force ofcurs or a diameter reduction of at least 50 % is reached;

d) repeat this test using the minimum nominal indicated vessel diameter for each stent configuration.

D.5.3.4.6 |Expression’of results

Express logd (pressure or force) per unit axial length in kilopascals per millimetre or newtons per millimgtre,
as approprigte, and diameters in millimetres.

D.5.3.4.7 Test report

The test report shall be in accordance with Clause D.4 and shall include a description of the method used for
determining the force and diameter. Report the maximum, minimum, mean and standard deviation of the peak
force and the diameter at the peak force. Report the length of the stent segment under test. Data should also
be reported as a curve of load versus diameter for the range of diameters tested.

66 © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=0895da1d326ebd17e1c3f3ce68251986

ISO 25539-2:2008(E)

D.5.3.5 Crush resistance with parallel plates

D.5.3.5.1 Purpose

The purpose of the test is to determine the load required to cause clinically relevant buckling or a deflection
equivalent to a diameter reduction of at least 50 %, and the load required to permanently deform or fully
collapse the stent. The purpose of the test is to also determine if the stent recovers its original geometry after
testing. The relevant design evaluation section of this part of ISO 25539 includes 8.6.2 and 8.6.5.

NOTE Although similar, crush resistance with a radially applied load, crush resistance using parallel plates, local
compression and radial force tests measure different attributes of the stent, as follows:

— |the crush resistance test with a radially applied load measures the ability of a balloon-expandable_stent to resist
permanent deformation when subjected to a circumferentially uniform radial load;

— |the crush resistance test using parallel plates measures the ability of a stent to resist permanent deformation along
the entire length of the device when subjected to a load uniformly applied over the length of the device;

— |the local compression test measures the ability of a stent to resist permanent{deformation undef a localized
(e.g. point) load;

— |the radial force test measures the force exerted by a self-expanding stent ondhe-vessel in the deployed state during
expansion and compression.

D.5]3.5.2 Materials
D.5)3.5.2.1 Stent system.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the stent
that|fis under test.

D.53.5.2.2 Universal mechanical testing\'System, equipped with a suitable load cell [capable of
megsuring force to an accuracy of + 5 % of thereported value and a constant rate of traverse and|appropriate
parallel plate fixtures (i.e., of length longer than the test article).

D.5)3.5.2.3 Temperature controlled environment (37 + 2) °C for stents with material properties that are
sensitive to changes between ambient and physiological temperatures.

D.5|3.5.3 Sampling
Sampling shall be in accerdance with Clause D.2.

D.5{3.5.4 Conditionhing

Conditioning&shall be in accordance with Clause D.3 and shall include loading, preconditioning and
deployment.

D.513.5:5 Test method

Develop a test method based on the following:

a) place the stent in the test fixture in the orientation anticipated to have the least amount of crush
resistance;

b) compress the stent using a uniform rate of compression; for balloon-expandable stents, start with a

diameter equal to the maximum indicated vessel diameter; for self-expanding stents, start at the free
expanded diameter of the stent;
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record the load and the associated displacement while compressing the stent until clinically relevant

buckling or a deflection equivalent to a diameter reduction of at least 50 % occurs; determine the load
required to permanently deform or fully collapse the stent;

release the force applied to the stent and record whether the stent recovers its original geometry;

stent configuration and repeat steps a) to d).

5539 since this method will be specific to the device design under evaluation.

for balloon expandable stents, deploy a stent to the minimum nominal indicated vessel diameter for each

The method for determining the force and deflection at which plastic deformation begins is not defined in this

c)

d)

e)

NOTE

part of ISO 2
D.5.3.5.6
Express lo
(including d
D.5.3.5.7

Expression of results

hd (force) per unit axial length in newtons per millimetre, as appropriate, and‘displacen
ameter equivalent) in millimetres.

Test report

hent

The test report shall be in accordance with Clause D.4 and shall include a description of the method used for

determining
deviation of
equivalent
deform or f
Data shoulgq
application

D.5.3.6 F

D.5.3.6.1

The purpos
kinking or §
after testing
radius of th
two alterna
design. Theg

NOTE i

geometry is pot expected to occur:

D.5.3.6.2

D.5.3.6.2.1

the force and displacement (diameter). Report the maximum, minimum, mean and stan
the load and displacement required to cause clinically relevant buckling or the load at a defled
o0 a diameter reduction of at least 50 % and the load and displacement required to permane
Illy collapse the stent. Report whether or not the stent recovers' its original geometry after tes
also be reported as curves of load versus displacement;The orientation of the stent during
shall be justified.

ex/kink

Purpose

e of this test is to determine the minimum radius at which the deployed stent can be flexed wit
xhibiting a diameter reduction of greater than 50 % and if the stent recovers its original geon
. If overlapping of stents can be anticipated in clinical use (e.g. superficial femoral artery), the
b stent under study in overlapping configurations should also be determined. This section prov
ive test methods (method A“and method B) which might be applied as appropriate to the de
relevant design evaluatién)sections of this part of ISO 25539 include 8.6.5.

or permanently deformed stents (e.g. a balloon-expandable stainless steel stent) recovery to the ori

Materials

Stent system.

dard
tion
ently
ing.
oad

hout
etry
kink
des
vice

jinal

NOTE 1

[hiStest is not designed to evaluate the entire system; however, the system is required to deploy the

stent

that is under
D.5.3.6.2.2

D.5.3.6.2.3

D.5.3.6.2.4

D.5.3.6.2.5

68

test.

Accessory devices, necessary to accomplish deployment in accordance with the IFU.

Elastomeric tubes, of diameters that represent the smallest and largest recommended
vessel diameters, as appropriate, for the stent under test. For test method A only.

Cylindrical gauges, of progressively decreasing radii. For test method A only.

Rigid bend model, that represents the smallest and largest recommended vessel diameters,
as appropriate, for the stent under test with progressively decreasing bending radii. For test method B only.
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The bend model should be manufactured from translucent material to allow observation of stent buckling/strut
protrusion and should consist of two half plates or half shells, which can be unmounted for stent removal after
deployment to allow assessment of stent recovery to original shape and size.

D.5.

3.6.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5.

Co

D.5

D.5.

3.6.4 Conditioning
alids H la Ul H ol H e | D2 pu | lo |- L pu | 1 P H pu | alids H
UTUHUTTITTY STIAll DT T aLLuUTuarivc Wil UidUuotT U. o Aallu olidill MuiuutT 1oaulity driud procCGUTNTUItIUTIITYy.

3.6.5 Test method A

Deploy a single stent in a straight tube of the minimum nominal indicated vessel diameters fo
configuration, in accordance with the IFU;

position stent loaded tubing on the cylindrical gauge; test worst case stent orientation;

bend stent loaded tubing around the gauge so that the entire length-of the stent is in cont
gauge or to a maximum of 180°;

record the radius and whether kink or significant narrowing is ebserved;
NOTE The radius is calculated by adding the tubing wall thickhess to the gauge radius.
release the force applied to the stent and record whether the stent recovers its original geome

repeat steps c) and d) using progressively smaller radius fixtures until a kink or a stent diamet
of at least 50 % is observed;

repeat steps a) to f) for different positions along the length of the stent, if applicable;
repeat steps a) to g) using a compliant tubing of the maximum indicated vessel diameter;

repeat steps a) to h) using(stents in overlapped configuration, if applicable.

3.6.6 Test method'B

Deploy a single~stent in the bend model of the minimum nominal indicated vessel diamete
stent configutation in accordance with the IFU; test worst case stent orientation;

record_the-bend radius and whether a kink or significant narrowing is observed;

release the stent from the bend model and record whether the stent recovers its original geom

r each stent

act with the

ry;

er reduction

rs, for each

etry,

repeat steps a) to c) using progressively smaller bend radii until a kink or a stent diameter reduction of at

least 50 % is observed;
repeat steps a) to d) for different positions along the length of the stent, if applicable;
repeat steps a) to e) using the bend model of the maximum indicated vessel diameter;

repeat steps a) to f) using stents in overlapped configuration, if applicable.

3.6.7 Expression of results

The kink radius shall be expressed in millimeters.
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D.5.3.6.8 Test report

The test report shall be in accordance with Clause D.4 and shall include the maximum, minimum, mean and
standard deviation of the smallest radius at which neither kink nor a reduction of stent diameter of 50 % is
observed for each test condition (i.e., minimum and maximum tubing diameters, with and without overlap).
Record the largest radius and location at which a kink or stent diameter reduction is observed. Report whether
permanent deformation is observed and the radius at which permanent deformation is observed. Note any
anomalous findings (e.g. separation of overlapped stents, fractures, strut protrusion into the lumen). Justify the
type of elastomeric tubing used, if applicable.

D.5.3.7 Local compression

D.5.3.7.1

The purposg of this test is to determine the deformation of the device in response to a localized eompres

force perpe
original ged
response td
is clinically

The relevar

NOTE A
compression

Purpose

ndicularly applied to the longitudinal axis of the device, and to determine if therstént recover
metry after testing. This test is required for stents of a design with the potential for a diffe
local compression as compared to a radial or flat plate compressive forcefand for which this
relevant.

t design evaluation section of this part of ISO 25539 includes 8.6.2 and'8.6.5.

Ithough similar, crush resistance with a radially applied load, crushresistance using parallel plates,
and radial force tests measure different attributes of the stent, as follows:

sive
5 its
rent
test

ocal

— the crush resistance test with a radially applied load measures thetability of a balloon-expandable stent to resist
permangnt deformation when subjected to a circumferentially uniform radial load;

— the crugh resistance test using parallel plates measures the ability of a stent to resist permanent deformation glong
the entife length of the device when subjected to a load unifermly applied over the length of the device;

— the local compression test measures the ability of a, stent to resist permanent deformation under a localized
(e.g. po|nt) load;

— the radipl force test measures the force exerted by a self-expanding stent on the vessel in the deployed state duyring
expansipn and compression.

D.5.3.7.2 |Materials

D.5.3.7.2.1 Stent system.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the $tent

that is underf|test.

D.5.3.7.2.2 Universal mechanical testing system, with compressive capability, equipped with a suitgble

load cell capablesefs-measuring force to an accuracy of + 5 % of the reported value, a constant rate of traverse

and appropfiaté\oad application fixtures.

D.5.3.7.2.3 Probe, for applying compressive force. The design of the probe (e.g. shape, cross-sectional
area) shall be appropriate for the stent design and potential in vivo local compressive forces.

D.5.3.7.2.4 Temperature controlled environment (37 + 2) °C for stent with material properties that are
sensitive to changes between ambient and physiological temperatures.

D.5.3.7.3 Sampling

Sampling shall be in accordance with Clause D.2.
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D.5.3.7.4 Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading, preconditioning and
deployment.

D.5.3.7.5 Test method
Develop a test method based on the following:

a) measure the outer diameter of the stent;

b) |compress the stent with a locally applied load using a uniform rate of compression until adisplacement
equivalent to a diameter reduction of at least 50 % is achieved; application of the load shall e within an
area of the stent considered to be most susceptible to deformation as a result of the application of a focal
load;

c) |release the force applied to the stent and measure the minimum diameter of the-stent after the test.

D.5]3.7.6 Expression of results

Diameters shall be reported in millimetres.

D.5/3.7.7 Test report

Thel test report shall be in accordance with Clause D.4 cand shall include the initial and fina] measured
diameters and a justification for the area of the stent tested:

D.5/3.8 Radial force

D.5/3.8.1 Purpose

The| purpose of this test is to determine the force exerted by a self-expanding stent as a function |of the stent
diameter, under the conditions of expansion and compression. The relevant design evaluation sedtions of this
parf of ISO 25539 include 8.6.2 and 8:6.5.

NOTE Although similar, crush-fesistance with a radially applied load, crush resistance using parallel| plates, local
compression and radial force tests’measure different attributes of the stent, as follows:

— |the crush resistance\fest with a radially applied load measures the ability of a balloon-expandable stent to resist
permanent deformation when subjected to a circumferentially uniform radial load;

— |the crush resistance test using parallel plates measures the ability of a stent to resist permanent deformation along
the entireAength of the device when subjected to a load uniformly applied over the length of the device;

— |the Jogal compression test measures the ability of a stent to resist permanent deformation under a lgcalized (e.g.
point) load;

— theradial force test measures the force exerted by a selfi-expanding stent on the vessel In the deployed state during
expansion and compression.

D.5.3.8.2 Materials
D.5.3.8.2.1 Stent system.

NOTE This test is not designed to evaluate the entire system; however, the system is required to deploy the stent
that is under test.
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D.5.3.8.2.2 Universal mechanical testing system, equipped with a suitable load cell capable of
measuring force to an accuracy of £+ 5 % of the reported value, a constant rate of traverse and appropriate
gripping fixtures.

D.5.3.8.2.3 Expansion and compression clamps/fixtures, such as “Clamshell’, “V” Block or a
circumferential tension device such as a loop or snare. The fixture diameter/dimensions should be appropriate
for the stent being tested.

D.5.3.8.2.4 Temperature controlled environment (37 + 2) °C for stents with material properties that are
sensitive to changes between ambient and physiological temperatures.

NOTE hen selecting the test fixture, consideration should be given to the width or area under study, the effegts of
friction and the influence of the fixture geometry on the measured loads.

D.5.3.8.3 |Sampling

Sampling shall be in accordance with Clause D.2.

D.5.3.8.4 |Conditioning

Conditioning shall be in accordance with Clause D.3 and shall include loading arnid preconditioning.

D.5.3.8.5 |Test method
Develop a test method based on the following:

a) deploy[the stent within the fixture such that the initial diaméter is less than or equal to the minimum vessel
diametgr indicated in the IFU;

b) measufe the radial force as a function of diameter-as the stent is expanded to the maximum indicated
vessel diameter; the speed of testing should be such that the results represent static conditions;

c) measufe the radial force as a function of-diameter as the stent is compressed to the minimum nominal
indicat¢d vessel diameter for each stent configuration; the speed of testing should be such that the regults
represént static conditions;

d) calculate the radial pressure based on the measured force and the cylindrical area under test.

D.5.3.8.6 |Expression of results

Radial forc¢ shall be expressed in newtons per unit length in millimetres. The length shall be defined ag the
length of the stent withii'the fixture. Radial pressure shall be expressed in kilopascals.

D.5.3.8.7 |Test'report

Th t t o P H=Y rdan witb-Clas D4 ond bhall inalid S HSC 1PN s e | EH
€ lesl repof—shamrbeHacecoraance—win-cradSeo<49—ana-Snamrfcaae—&a o STMpPtoT o e SteTocat n(s

tested, the minimum, maximum, mean and standard deviation of the radial force and radial pressure at the
minimum and maximum diameters for each device size tested. Results from both expansion and compression
shall be reported, with the respective speeds used during testing.

D.5.3.9 Corrosion assessment

D.5.3.9.1 Purpose

The purpose of this assessment is to evaluate the susceptibility of the metallic components of the stent to
corrosion in a simulated physiological environment for the intended stent duration. The relevant design
evaluation section of this part of ISO 25539 includes 8.6.3.
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3.9.2 Materials

3.9.2.1

Stent or appropriate test samples of the stent (e.g. segments, sections, components,

subassemblies). Test samples shall be appropriate to the type of corrosion under evaluation (e.g. crevice,
pitting, fretting, galvanic).

D.5.3.9.2.2 Materials, apparatus and test conditions, as specified in the test methods selected for this
evaluation.

D.5.3.9.2.3 Suitable, standard reference samples.

D.5|3.9.3 Sampling

Sampling shall be in accordance with Clause D.2.

D.5
Con
dep
as v
sho

tod
for ¢

D.5

a)

NOT
AST|

D.5

Tes

3.9.4 Conditioning

ditioning shall be in accordance with Clause D.3 and shall include ‘lpading, precondi
oyment. The materials under evaluation shall undergo all manufacturing,(fabrication and finish
vell as all post processing steps such as cleaning. For coated stents, a-portion of the underlyin
ld be exposed prior to testing to simulate potential clinical exposuré.over time. Care should &
bmage the underlying substrate during conditioning. Additional pfeconditioning steps might be
oated stents.

3.9.5 Test Method

All metallic components of the stent should be evaluated using appropriate corrosion test
assessment. In cases where different metals might be in contact by virtue of the device de
they shall be in similar contact during evaluation (e.g. radiopaque markers). In cases whe
design allows for relative micromotion between components such as woven wires or when ov|

be assessed.

Corrosion assessment includes, but is not limited to, evaluation of test results, review of lit
consideration of the historicalclinical performance of the material(s) under assessment. G
corrosion assessment can be found from a variety of sources (e.g. literature, text books
regulatory guidance documents). The Bibliography includes a partial list of references regardir
terminology, equipment) test procedures and methods.

E Additional.glidance can be found in: 1SO 17475['4; ASTM B1170'8, ASTM F746[20], AS
M G5I31], ASTM,G 1532, ASTM G611331 and ASTM G102[341,

3.9.6 Expression of results

t data shall be expressed in units appropriate to the methods selected.

ioning and
processing,
g substrate
e taken not
appropriate

ethods and
5ign or IFU,
e the stent
erlapping of

stents can be anticipated in clinical use (e-g. superficial femoral artery, coronary), fretting cofrosion shall

erature and
uidance on
standards,
g corrosion

"M F2129125],

D.5.

3.9.7 Testreport

The test report shall be in accordance with Clause D.4 and shall include the complete corrosion assessment,
including a summary of all test data, analyses and referenced information, comparisons to applicable controls,
any appropriate comparison between in vivo and in vitro performance and conclusions regarding the
anticipated corrosion resistance of the stent. For quantitative data, the maximum, minimum, mean and
standard deviation shall be included. Applicable requirements indicated in the guidance documents used for
testing should also be included.
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D.5.3.10 Fatigue durability test

D.5.3.10.1 Purpose

The purpose of this test is to evaluate aspects of the long-term integrity of the stent and any coating under
cyclic radial loading conditions. If overlapping of stents can be anticipated in clinical use (e.g. superficial
femoral artery, coronary), integrity of the stent under study in overlapping configurations should be evaluated,
unless justification can be provided for testing of individual stents. The relevant design evaluation sections of

this part of ISO 25539 include 8.6.3, 8.6.3.5, 8.6.3.5.4 and 8.6.3.5.5.

Potential fajlure mades that might be identified by this test include but are naot limited to_stent fracture di

e to

fatigue and|wear or abrasion between stents. The potential coating failure mode that might be identifie
this test incjudes disruption of the coating, such as delamination, creation of flaps or bare spots and-crach
This test is|not intended to fully evaluate the potential for failures related to corrosion, abrasion between
stent and the recipient artery, or stent migration. It is acknowledged that these types of potential ffailure mnj
might be olserved during testing and consideration should be given as to whether such observations indi
an increased potential for these failure modes to appear clinically.

This test njight be modified to include evaluation of failure modes induced by flexion, extension, tors
i pression or deployment in an angulated recipient artery. In addition, this tést might be modifig
ting particulate generation. Other types of testing or evaluation of devices or components wi
fully evaluate all potential failure modes.

necessary

Results of gomponent and preliminary testing should be considered in development of this test method.

D.5.3.10.2 |Materials

D.5.3.10.2. Stent system.

NOTE his test is not designed to evaluate the entire system; however, the system is required to deploy the
that is underf|test.

D.5.3.10.2. Accessory devices, necessary {osaccomplish deployment in accordance with the IFU.
D.5.3.10.2. Mock arteries, with geometries, diameters and properties appropriate to allow simulatio
worst case [forces or diametric displacements expected on the device at the intended site of implantation
ensure thal the mock artery has theappropriate diameter during testing, operating pressures shoulg
considered [when specifying the diameter of the mock artery. If appropriate, the compliance of the mock a
should be defined and measured:by a method similar to that described in ISO 7198. The compliance of
native artery should be considered when designing the mock artery. For coating evaluation, the artefacts
to friction should be considéred.

D.5.3.10.2. Pulsatile fatigue tester, capable of applying cyclic displacement to the mock artery with
stent deployed. The\test equipment shall include provisions for either direct or indirect measurement of]
mock artery innefdiameter, D;, at the test frequency, maintaining physiological temperature (37 + 2) °C of
test assembly; and counting the cycles.
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D.5.3.10.2.5  Appropriate inspection equipment, (e.g. light microscope, lighted magnifying glass, SEM).

D.5.3.10.3 Sampling

Sampling shall be in accordance with Clause D.2. The device size(s) shall be selected to represent

the

greatest potential for each failure mode being evaluated based upon appropriate engineering analyses such

as stress/strain analyses.

For coating durability testing, different samples might be necessary for different inspection time points.
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